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Hemophilia defines a group of hereditary bleeding
disorders: hemophilia A (deficiency of Factor VIII,
FVIII), hemophilia B (deficiency of FIX), and para-

hemophilia (deficiency of FV). These result from mutations
in clotting factor genes. As in the large majority of bleeding
disorders (Table 1), replacement of deficient coagulation
factor protein is required to prevent or reverse acute bleed-

ing episodes. This is achieved by the administration of
recombinant or plasma-derived clotting factor concentrates
(PDCFC), e.g. FVIII or FIX; or inhibitor-bypassing agents
such as rFVIIa or Factor VIII inhibitor bypass activity
(FEIBA). Being effective at preventing and treating bleeding
in patients with hemophilia, and enabling self-administra-
tion at home, PDCFC has replaced cryoprecipitate and



fresh frozen plasma, thus revolutionizing hemophilia treat-
ment in developed countries. However, cryoprecipitate and
fresh frozen plasma are still used in some developing coun-
tries.

Initially, large blood donor pools were used to prepare
PDCFC and pathogen screening tests were not available. As
a result, infection by blood-borne pathogens was a major
concern in patients with hemophilia, particularly in relation
to human immunodeficiency virus (HIV) and hepatitis C
virus (HCV). While the risk of hepatitis B virus (HBV) infec-
tion was reduced substantially by vaccination (prevalence
of hepatitis B surface antigen among European blood
donors is currently around 0.006%1), as many as 60-70% of
patients with severe hemophilia were infected with HIV
through contaminated FVIII and FIX,2 and over 95% of
patients with severe hemophilia A were infected with HCV
by contaminated plasma-derived FVIII.3 These high rates of
infection were associated with significant mortality. In Italy,
between 1990 and 2007, HIV and HCV were associated
with 45% and 13% of hemophilia deaths, respectively.4 In
Great Britain, mortality in patients with hemophilia and
HIV peaked at over 10% in 1993-1996 versus 5% in 1997-
1999 and 0.9% in patients with hemophilia but without
HIV co-infection in 1977-1984.5 In the Netherlands,
between 1985 and 2010, 17% of hemophilia deaths were
related to HIV, 12% to HCV complications, and 4% to HIV-
HCV co-infection.6 In the US, between 1979 and 1988, HIV-
related diseases accounted for 47% of deaths in patients
with hemophilia A.7

Today, the risk of contracting HBV, HIV and HCV
through transfusions and blood products has almost been
eliminated in developed countries. Plasma collection at spe-
cialized centers is continuously inspected by the European
Medicines Agency (EMA) and the US Food and Drug

Administration (FDA) prior to approving commercial use.
Plasma is screened at each donation and re-screened in
mini-pools with nucleic acid testing available for 5 viruses
(HIV, hepatitis A virus, HBV, HCV, Parvovirus B19) and
described in detail in Plasma Master Files that are approved
every year by the regulatory agencies. The products are
then treated with solvent/detergent, super-heated (at 80°
for 3 days), pasteurized and nano-filtered. However, despite
these precautions, a risk of non-enveloped virus infection
persists (e.g. Parvoviruses, Picornaviruses, Circoviruses).8,9

The characteristics of the patient receiving clotting fac-
tors have changed over the years. Improved treatment
quality and availability has led to increased life expectancy
for patients with hemophilia. In Italy, life expectancy for
people with hemophilia was 71.2 years for 2000-2007 ver-
sus 64.0 years for 1990-1997.4 In the US, between 1995 and
1998, median age of death for non-HIV-infected patients
with hemophilia A was 72 years.7 Between 1992 and 2001,
life expectancy of patients with hemophilia in the
Netherlands was 72 years.10 Such improved survival has led
to an increase in age-related clinical problems (e.g. co-mor-
bidity) that subsequently increase risks of infection and
pathogen dissemination. Factor concentrate consumption
and exposure to different product batches are also increas-
ing due to changing hemophilia treatment patterns,11

increased use of prophylaxis, higher rates of surgery in the
elderly, and increased use of high-dose regimens for achiev-
ing immune tolerance in patients who develop inhibitors
(approx. 30% of patients treated with PDCFC or recombi-
nant products).12

Alongside the changing patient demographic and level of
exposure to clotting factor products, the pathogenic agents
of concern are also changing. Several emerging viral and
non-viral pathogens have been identified, some of which
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Table 1. Management of major inherited bleeding disorders.
Deficient factor Incidence Heritability Localization of the Replacement 
(disease) of the deficiency* abnormal gene preparation(s)

(chromosome)

von Willebrand Factor 1:5000 Autosomal, dominant** 12 Plasma-derived concentrates; purified
(von Willebrand disease) recombinant factor concentrate
Factor VIII 1:10,000 X-linked, recessive X Plasma-derived concentrates; purified 
(hemophilia A) recombinant factor concentrates
Factor IX 1:60,000 X-linked, recessive X Plasma-derived concentrates; purified 
(hemophilia B) recombinant factor concentrates
Factor VII 1:500,000 Autosomal, recessive 13 Plasma-derived concentrates, purified 

recombinant factor concentrates
Factor XI 1:1,000,000 Autosomal, recessive 4 Fresh frozen plasma+

Plasma-derived concentrate#
Factor XIII 1:1,000,000 Autosomal, recessive 6 (sub. A) Fresh frozen plasma+

1 (sub. B) Plasma-derived concentrate#
Purified recombinant factor concentrates##

Factor X 1:1,000,000 Autosomal, recessive 13 Plasma-derived prothrombin complex 
concentrates

Fibrinogen 1:1,000,000 Autosomal, recessive 4 Plasma-derived concentrates
(afibrinogenemia)
Factor V 1:1,000,000 Autosomal, recessive 1 Fresh frozen plasma+

(parahemophilia)
Factor II 1:2,000,000 Autosomal, recessive 11 Plasma-derived prothrombin complex 

concentrates



exhibit blood-borne transmission, e.g. Chikungunya virus,
HCV, HIV, human T-lymphotropic virus type 1, variant
Creutzfeldt-Jakob disease (vCJD) prion, West Nile virus,
and severe acute respiratory syndrome corona virus.13

Genetic factors and immunodeficiency may affect the risk
of acquiring these infections and the clinical outcome.14,15

Environmental changes increase the likelihood of contact
with, and transmission of, certain pathogens.16 Since it is not
possible to screen donor blood for all emerging pathogens,
systems are in place for immediate withdrawal of any prod-
ucts made with blood from a donor following confirmed or
suspected pathogen transmission. This has major conse-
quences for patients who depend on those products, caus-
ing as they do shortages and delay in their supply, particu-
larly if a market is reliant on a single supplier. Such prob-
lems may be caused by: 1) procedures for identifying the
infected products and batches; 2) recall of the specific batch-
es identified; 3) testing of patients known to have been
exposed; and 4) manufacture, testing and distribution of
new batches. As an example, the 2010 EMA position state-
ment on CJD and plasma-derived and urine-derived medic-
inal products states that there is strong evidence that vCJD
is transmissible through transfusion of blood and plasma
products:17 “In view of the lack of adequate information on
vCJD, it is prudent to recall batches of plasma-derived
medicinal products where a donor to a plasma pool subse-
quently develops vCJD”. Between 2011 and 2012, uncon-
firmed, definite or suspected vCJD was identified among
blood donors in Italy. The Italian Pharmaceutical Agency
(AIFA), in line with the EMA position statement, prohibited
any further use of specific batches from Italian blood donors,
recalled distributed batches and required that any warehouse
stocks should not be distributed. Consequent product short-
ages meant that affected hemophilia A patients had to be
switched to alternative (mostly recombinant) FVIII products.

In the 1970s, concerns regarding pathogen safety of
blood and PDCFC, and an increased demand for transfu-
sion products, led to the development of recombinant
coagulation factors.18 Such products inevitably avoid the
risks of blood-related pathogen transmission, and indeed
there is no evidence to date of any pathogen transmission
by using these products. However, there remain potential
risks from reagents used in the manufacture of recombi-
nant products; for example, cell culture media and growth
factors. Reagents containing proteins of human or animal
origin are required to undergo risk assessment for prions.8

Third-generation recombinant products do not contain ani-
mal or human components and, therefore, do not carry a
known pathogenic transmission risk.19 While recombinant
agents offer an inherently low pathogenic risk, it is impor-
tant to remember that, like any manufacturing process,
external contamination can occur. This was seen in 2009
when the production of recombinant gluco-cerebrosidase
for patients with Gaucher’s disease was halted as a result of
viral (vesivirus) contamination of the production facility
(Genzyme Corporation, MA, USA). An acute shortage of
this therapeutic enzyme occurred as a direct consequence.20

In spite of the wide availability of recombinant factors,
PDCFC will continue to be needed. First, it is unlikely that
all patients with hemophilia can be treated with recombi-
nant products in the foreseeable future. Second, recombi-
nant products are not available for all bleeding disorders

(Table 1). Finally, economic pressures in some countries
have meant that use of PDCFC is encouraged. 

Despite improvements in safety of blood- and plasma-
derived and recombinant coagulation factor products,
these products can probably never be completely ‘safe’ in
terms of pathogen risk. A pharmacovigilance system is,
therefore, urgently required in the European Union to
monitor long-term quality and safety of PDCFC and
recombinant products.9
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