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HISTORICAL INTRODUCTION
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Figure 1 The family tree of Queen Victoria. Reproduced from [6) with permission.

Bovine blood has 16 times the anti haemophilic activity
(FVIII) of human blood and enough would be available for

Table 1 Cause of death for 113 cases of hemophilia by Carroll the continuous treatment of the whole haemophilic popula-

Biteh. tion of this country [11].
Thus, bovine antihemophilic globulin (AHG, FVIII) was
Cause of death No. of cases Notes produced in Oxford, UK, and used to cover tooth extractions.

The treatment was effective and the rise in FVIII was measured
by the newly developed thromboplastin generation test [12].

—

S e N

Operations 25 Circumcision
Tooth extraction
Vaccination
Lanced hematomata
Tonsillectomy
Trivial injuries 23 Cut lip, bitten tongue,
injuries to forehead,
finger, scalp, etc.

However, the material showed some antigenic properties—an
early recognition of inhibitor or antibody development. This
led the Oxford group to develop an alternative animal source
of FVIII—porcine FVIII [13].

The scientist Edith Bidwell led much of the early fractiona-
tion work at Oxford, and in 1961 the first patient to be treated

Epistaxis 6 Four-with serious with human FIX concentrate was reported [14]. A 4-year-old
Hematuria 4 injuries boy, with severe hemophilia B, had developed a large
Throat bleeding 3 hematoma following a difficult venipuncture. The resulting
Cutting first tooth 1 hemorrhage had become infected resulting in osteomyelitis of
Fracture of leg 1 the radius. A through-the-elbow amputation was performed
Internal bleeding , 21 in June 1960 under cover of FIX concentrate. The patient,
Central nervous bleeding 7 aged 39 in 1995, qualified as an architectural technician,
Lung hemorrhage 5
. ; drove, and played golf [15].
Intestinal bleeding 3 ; . 19 .
st Bl 3 The life of people with hemophilia was revolutionized by
. 4 the development of cryoprecipitate. Judith Pool, in the USA,
o —— 7 had discovered that if plasma was cooled to a very low tem-
umbilical bleeding perature in the test tube a “cryoprecipitate” developed, which
contained fibrinogen and FVIII. A method for making cryo-
Reproduced from [7] with permission precipitate in a closed-bag system from a single blood dona-
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HISTORICAL INTRODUCTION
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Figure 4 Impact of HIV on mortality rates in the UK hemophilia
population. Reproduced from [25] with permission.

reached 50 [19]. It was thus possible to model for each patient
in the cohort the time from seroconversion when he would
develop AIDS [20]. Predictions from this study in 1994 sug-
gested that one-fourth of people infected with HIV would
remain free of AIDS (without treatment) for 20 years or more.
At that time this aroused much publicity because previously
it had been thought that HIV inevitably resulted in rapid
death.

The epidemic of HIV in hemophilic patients in the USA
showed an increase in deaths per million from 0.50 in the
1970s to 60 by 1990 [21]. In the UK, 1246 of 7250 patients
with hemophilia were infected with HIV. Observations on this
well-characterized cohort resulted in a series of publications
charting the course of the epidemic [22-25]. Highly active
antiretroviral therapy became available in the early 1990s and
as a result the deaths from HIV were reduced. This was shown
very clearly in the patients with hemophilia in the UK (Figure
4) [25].

Hepatitis C virus

The epidemic of HCV was a much longer one, from 1961 to
1985. The first patients became infected from the first large-
pool plasma-derived FIX concentrates, used in 1961, and the
epidemic ended with the dry heating of concentrates in 1985.
Thus, all patients with HIV were coinfected with HCV either
at the time of HIV infection or before. The natural history of
HCV in a population of 310 patients whose date of infection
was known showed that 25 years after infection with HCV
19% had progressed to death from liver disease and that HIV
was a cofactor for progression [26].

4

However, the first recognition that hepatitis was a hazard
of blood transfusion was a publication in 1943 [27], reporting
seven cases of jaundice occurring 1-4 months after transfusion
of whole blood or plasma, and a publication in 1946 [28],
showing the increased risk of pooled plasma. Thus, it was not
surprising that large-pool clotting factor concentrates should
cause hepatitis; however, this was difficult to characterize in
the absence of a test for HCV until 1991. There was also
enthusiasm for the new concentrates among both patients and
their treaters. In a historical interview Dr. Rosemary Biggs
explained, “The next thing that started to crop up was that
patients started to get jaundice, and we felt at that time that
they were better alive and having jaundice than dead with
haemophilia” [29]. In an anonymous leader it was recognized
that “In some cases early death from liver disease may be the
price paid by haemophiliacs for the improved quality of life
afforded by the easy availability of clotting factor concen-
trates” [30].

The high risk, approaching 100%, of non-A non-B hepatitis
following a first exposure to plasma-derived clotting factor
concentrate (irrespective of whether the donors were of NHS
or USA commercial origin) was demonstrated, although the
hepatitis from commercial product was more severe, with a
shorter incubation period [31]. Once testing had become
available it was possible to characterize the HCV epidemic in
hemophilic patients more clearly [26]. Approximately one-
third of those infected with HCV were also infected with HIV.
It was found that the relative hazard of death for those coin-
fected with HIV and HCV was 19.47 compared with those
infected with HCV alone [26].

Many patients with hemophilia have been “cured” or
“cleared” of HCV with interferon-based therapies, most
recently with pegylated interferon and ribavirin. In an inter-
national multicenter cohort study, 147 patients maintained a
sustained viral response up to 15 years after treatment whereas
in 148 unsuccessfully treated patients the cumulative incidence
of end-stage liver failure was 13% after 15 years [32].

The ultimate cure for end-stage liver failure is liver trans-
plantation, and a small number of transplants have been per-
formed in hemophilic patients. A report in 2002 described 11
hemophilic patients who were monoinfected with HCV and
who had been successfully transplanted. Since the liver is the
site of synthesis of clotting factors, on average, 36 hours post
transplant the patients no longer needed treatment with clot-
ting factor concentrate—liver transplantation is essentially
“gene therapy” for hemophilia [33].

New products

The epidemics of HIV and HCV were the stimuli to achieve
safe plasma-derived products using viral inactivation proc-
esses. These were effectively introduced in 1985 and no HIV
or HCV transmissions following exposure to clotting factor
concentrates have occurred since that time. The first-genera-
tion products were conventionally fractionated and heated in
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The editors would like to express their gratitude to Professor Edward G.D. Tuddenham for permission to reproduce the cover image of factor
IX and for the following legend. (CL, EB, KH)

The Tsarevitch Alexei Romanoff was a descendant of Queen Victoria who had severe haemophilia with bleeding from an early age. By the time
of this photograph he already had a flexion deformity of his left hip and knee due to bleeding. As all descendants of Queen Victoria affected by
her mutation had died before factor VIII and factor IX were differentiated, the type of haemophilia in the royal families of Europe was unknown
until in 2009. Forensic DNA analysis of bones of the murdered Russian Royal family, recovered from graves near Yekaterinburg, prove that the
royal disease was Haemophilia B, due to single base substitution creating a novel out of frame splice acceptor site at the 5” end of intron 3. The
molecule in the background is factor IX which Alexei lacked, causing the tragic bleeding that changed the course of history.

Reference: Genotype Analysis Identifies the Cause of the “Royal Disease” Evgeny [. Rogaev, Anastasia P. Grigorenko, Gulnaz Faskhutdinova,
Ellen L. W. Kirttler, Yuri K. Moliaka. Science: 326; 817 (2009).
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