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Safety procedures of coagulation factors
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Abstract Two main types of safety procedures must
be applied to biological products, including plasma
derivatives: (i) preventive procedures and (ii) elimi-
nation procedures. Prevention includes epidemiolog-
ical control of donor populations; checks on each
donor’s health condition; analysis of each donation
for the main pathogens using serological methods;
additional analysis of all plasma for human immu-
nodeficiency virus (HIV), hepatitis B virus (HBV),
hepatitis C virus (HCV), hepatitis A virus (HAV) and
the B19 virus, using nucleic acid amplification
techniques (NAT). A 60 days or longer inventory
hold of all plasma donations is applied, to allow
additional time to discard previous donations from
potential seroconverting or otherwise rejectable
donors.Elimination procedures minimize the low
residual risk of transmitting pathogens, including
unknown or previously undetected ones. Since the
introduction 20 years ago of solvent-detergent treat-
ment, very effective against enveloped viruses (HIV,
HBV, HCV, West Nile virus, SARS, avian influenza
virus etc), there have been no known cases of
transmission of this type of pathogens by products
manufactured according to this procedure. Other
inactivation procedures such as pasteurization, dry-
heat or nanofiltration may prove equally effective. In
addition, dry-heat treatment and nanofiltration are
capable of effectively eliminating non-enveloped
viruses (HAV, B19 virus). Recent studies show that

the B19 virus is much more sensitive to heat (in
lyophilized state or by pasteurization) and acid pH
than previously thought.Although there is no evi-
dence for the transmission of classic transmissible
spongiform encephalopathies (TSEs) through blood
or blood-products transfusion, four possible cases
have been reported in the United Kingdom involving
transmission by non-leukoreduced blood compo-
nents of the agent that causes variant Creutzfeldt-
Jakob Disease (vCJD), a disease linked to the
outbreak of bovine spongiform encephalopathy
(BSE) which took place in that country. However,
there are no cases of human TSE (classic or variant)
transmission by plasma-derived products. Analytical
methods capable of detecting the vCJD agent in
patients’ brains (where high titres are found) and
other tissues (such as the spleen, appendix and lymph
nodes, where much lower concentrations are found)
are unable to detect the agent in blood or plasma
from patients with vCJD, even in the clinical phase of
the disease. Experiments by Grifols and other groups
show that the capacity of the production processes to
eliminate vCJD agent models is many orders of
magnitude greater than the maximum expected load
of the agent. In this regard, the efficacy of precipi-
tation, affinity chromatography, depth filtration and
nanofiltration are particularly notable.
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Viral safety

Approximately 20 years ago, solvent-detergent (SD)
treatment was introduced as a virucidal treatment for
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coagulation factors [1]. Since then, no transmission
of any enveloped viruses has taken place by SD
treated products, including coagulation factor con-
centrates. Pasteurization, dry-heat treatment and
nanofiltration (although the last one introduced
approximately 10 years ago), have similar robust
safety records for enveloped viruses. The combina-
tion of more than one effective step, based on
different virus elimination mechanisms (e.g. inacti-
vation or removal) increased the safety margin of
plasma products to unprecedented levels, quite com-
parable to those of any existing biological product.
Table 1 shows a summary of experiments performed
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Table 1. Reduction factors of SD treatment and nanofiltration for different enveloped viruses (= denotes absence of residual infectivity in
the experiments — average of duplicate runs per agent and treatment assayed).

Agent HBV-Herpes virus HIV HCV WNV HSN1

Model (size, nm) PRV 180-200 HIV-1 100 BVDV 40-60 WNV 40-60 Human influenza 80-120
FVIII/VWF-SD >6.04 >5.41 >4.69 >7.10 >5.65

FIX-SD >6.06 >6.07 >4.77 >5.76 >5.16

FIX-Nanofiltration >6.04 >6.76 >6.25 >7.00 Not tested

HBV, hepatitis B virus; HIV, human immunodeficiency virus; HCV, hepatitis C virus; WNV, West Nile virus; HSN1, avian influenza virus;

PRV, pseudorabies virus; BVDV, bovine viral diarrhoea virus.

on Grifols’ FVIII/VWEF and FIX products, for SD
treatments and nanofiltration (data on file, Instituto
Grifols, S.A.).

As observed in Table 1, there was not a single result
with residual infectivity, emphasizing the efficacy of
SD treatment and nanofiltration for enveloped
viruses, including viruses sometimes defined as
‘emerging’ such as West Nile virus (WNV) and avian
influenza (H5N1) models. These findings are in good
agreement with published literature [2,3].

However, viral elimination procedures are just one
among the cascade of safety measures currently
implemented for plasma derived products. The first
control applied deals with the epidemiological con-
trol of donor populations, followed by the applica-
tion of donors’ medical examinations and approved
safety questionnaires before donation. Once the
donation is obtained, each unit is serologically tested
for the antigen (HBsAg) of Hepatitis B virus (HBV)
and the antibodies to human immunodeficiency virus
(HIV) and Hepatitis C virus (HCV).

Grifols is currently the second largest plasma
collector in the world, with a growing network of
over 70 plasma centres in the USA. This plasma is
submitted to an inventory hold of 60 days or over,
and at least the donor has to donate twice before the
plasma can be accepted for manufacture (qualified
donor). During the inventory hold period, if the
donor seroconverts or is subject to any other cause of
rejection, all previous available units in inventory
will be discarded. While the hold period is taking
place, all collected plasma is subjected to Nucleic
acid testing (NAT) in pilot sample minipools for
HIV, HBC, HCV, Hepatitis A virus (HAV) and B19
virus (B19V). Given the extreme sensitivity of NAT
testing, this measure is very effective in practically
closing the ‘window period’, i.e. when a unit can be
negative for serological markers but already virae-
mic. The introduction of NAT testing of plasma for
fractionation multiplies the safety margin for both
enveloped and non-enveloped agents. Finally, the
actual starting plasma pool for fractionation is
retested for the above mentioned serological
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markers and for HIV, HCV and HBV nucleic acids
by NAT.

Concerning relevant non-enveloped viruses (i.e.
HAV and B19V), the safety margin has also
improved greatly as the introduction of two viral
elimination steps for coagulation concentrates and
the addition of NAT testing to the screening proce-
dures of the plasma for fractionation. Purification
steps contribute to reduce residual viral loads after
NAT testing and before (generally) terminal viral
elimination methods are applied (e.g. dry-heat or
nanofiltration). HAV was known to be sensitive to
dry-heat treatment [4] and B19V has also been found
to be more sensitive to heat than some animal models
which are regularly employed for viral validation
studies [5-8]. Both HAV and B19V are retained by
small pore size nanofilters [9].

Transmissible spongiform encephalopathies: a
new challenge?

From 1980 to 1996, close to 170 000 bovine
spongiform encephalopathy (BSE) cases were diag-
nosed (mostly by surveillance, only ~1900 by test-
ing) [10,11]. Estimates of the number of affected
cattle having entered the human food chain in the
United Kingdom reach 3 million [12]. Close to 4.5
million animals were sacrificed as a preventive
measure [13]. In the rest of the world, the number
of affected cattle (mainly diagnosed via test and
retired from the food chain) is about 5600 [14]. Both
in UK and the rest of the world the BSE epidemic is
disappearing, thanks to the effective control mea-
sures introduced in the 1990s (Fig. 1).

The variant Creutzfeldt Jakob Disease (vC]D)
emerged in the United Kingdom (UK) associated
with the BSE outbreak which took place in that
country. According to data published by the United
Kingdom’s Ministry of Health [15], there is a trend
towards the reduction in the number of new vCJD
cases (from a peak of 28 deaths in year 2000, there
was only one new case diagnosed in 2006, and none
so far in 2007, Fig. 2). The total number of definite
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Fig. 1. Comparison of the BSE epidemic in UK and the rest of the
world (ROW). Most of the UK cases were diagnosed by symptoms,
while the majority of cases in the rest of the world were detected
through testing.

DEATHS IN THE UNITED KINGDOM DUE TO vCJD
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Fig. 2. vCJD deaths in UK.

and probable vCJD cases (46 of them without
neuropathological confirmation) in UK is 165
(March 2nd, 2007). In the rest of the world, only
36 vCJD cases have been detected [1,15] 21 of them
in France, a country with strong importation of
bovine derived materials during the risk period [16].

Epidemiological studies do not find an association
between classical human Transmissible spongiform
encephalopathies (TSEs) and transfusion [17], but
there are four recent instances of possible transmis-
sion of the vCJD agent through non-leukoreduced
blood cell components [18-21]. The donations
involved in these possible transmissions took place
17-42 months before the onset of symptoms in the
donor. However, no vCJD cases have been reported
in recipients of plasma-derived products in the
United Kingdom, which is considered to have the
highest risk, or anywhere else in the world.

There is very active surveillance in search of
potential TSE cases among the haemophilia popula-
tion. A study carried out in US by the CDC examined
the brains of 24 people with haemophilia and
symptoms of dementia and no evidence of CJD was
found [22]. Another surveillance study was con-
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ducted among an estimated 12 000 haemophilia
patients in haemophilia treatment centres in the
United States since 1995, plus additional centres in
other countries, and no cases of CJD have been
found among them [23].

In a third study conducted in the United Kingdom
histological examinations of the brains from 33
patients treated with concentrates during the period
1962-1995 showed no evidence of vCJD [24].

A series of measures has been introduced to
minimize the risk of transmission of TSE agents by
biological products. In case of biotechnological
products, bovine derived materials which were com-
monly used in the past are avoided or sourced from
‘BSE-free’ countries. In case of plasma derivatives, in
spite of the absence of transmissions, several addi-
tional precautionary measures have been introduced,
which are included in the donors’ questionnaire and
deal with CJD antecedents or travelling to UK or
Europe for specific duration periods. But, undoubt-
edly, the most effective precautionary measure is
avoiding the fractionation of UK plasma. Although
probably unnecessary because of the capacity of
plasma fractionation to remove TSE agents, this
measure eliminates in practice the major source of
risk, given the differences of magnitude of the BSE
and associated vC]JD epidemics in UK vs. the rest of
the world. Currently, the UK plasma manufacturer
employs plasma from plasmapheresis obtained in the
USA. The second country in terms of number of
vC]JD cases, France, still fractionates locally collected
plasma, because of the results of a product specific
TSE risk assessment [16].

Although there are no transmissions of human TSE
agents by plasma derivatives, animal models show
very low titres of prions (~10 Infectious Units/mL in
the preclinical phase) in plasma (the majority being
cell associated) and also, that plasma fractionation
has a capacity to eliminate the infectivity [25,26].
Analytical methods capable of detecting the prion in
affected human brains (where it is found at high
concentration) or in other tissues (intermediate
concentrations) are not capable of detecting the
agent in blood or plasma, suggesting that, if present,
the amount found would be very low.

The capacity of plasma fractionation and modern
purification processes applied to coagulation prod-
ucts (including precipitation, affinity chromatogra-
phy, clarifying or depth fitrations, nanofiltration etc)
to eliminate TSE agents is based on the physico-
chemical change of properties caused by the conver-
sion of the natural form of the prion protein (PrP<;
rich in o-helix) to the pathological form (PrPTF;
rich in B-sheets [27]). This change implicates new
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properties: insolubility, aggregation, hydrophobicity,
adsorption to several matrixes..., providing the basis
for its elimination during manufacturing steps. Fur-
thermore, plasma products today are highly purified
proteins: their production processes include many
steps with a capacity to eliminate impurities and
pathogens.

Many studies (see Foster [25], Bournouf and
Padilla [26] for review) have investigated the capac-
ity of elimination of prions by isolated production
steps or combinations of purification steps. Prion
strains from different species (including human
prions) were observed to have a similar elimination
profile, behaving also in a similar way whether
infectivity is endogenous (infectivity in blood of e.g.
mice that developed TSE after being intracraneally
injected) or directly spiked from brain extracts [28-
32]. The value of these studies in relation to the
safety of plasma products was subject of recognition
recently at the Dec 15th (2006) FDA’s TSE advisory
committee [33].

Grifols’ research on TSE agents removal
capacity of production processes

The production processes of Grifols’ coagulation
products include several steps with a capacity to
remove TSE agents. The magnitude of the removal
capacity has been studied through spiking experi-
ments with a 263 K Scrapie strain established in
hamsters and partial results have already been
published [34].

Concerning the FVIII/VWEF production process
(Fig. 3), the Polyethylene glycol (PEG) precipitation,
the heparin-affinity chromatography and the saline
precipitation followed by clarifying and sterile filtra-
tions were experimentally studied. During PEG
precipitation the precipitate is removed; during the
affinity chromatography, FVIII/VWEF is retained in
the column and impurities are thoroughly washed
away, followed by specific elution of the FVIII/'VWF
complex. Finally, during the saline precipitation the
supernatant is eliminated. Therefore, the purification
principles of these steps are different among them.

Two different types of spikes (representing differ-
ent degrees of TSE agent purification) derived from
brains of 263 K hamsters that were inoculated (in
duplicate runs) into the relevant process materials
and the corresponding purification steps were devel-
oped in a laboratory model representative of the
industrial production process. The starting and final
materials were titrated by western blot25, detecting
PrP™E| a surrogate marker of prion infectivity. The
TSE agent removal capacity observed was 3.3
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Fig. 3. Factor VIII production process flow diagram.

logio/mL for the PEG precipitation, 23.5 log;o/mL
for the heparin-affinity chromatography and
2.3 logio/mL for the saline precipitation and final
filtrations.

For the bioassay titrations, 50 pL of six serial
dilutions of each studied sample were injected intra-
cerebrally in six hamsters per dilution. Positive and
negative samples are included as controls of the
assays. The observation period is 1 year, during which
clinical signs are recorded. Necropsy and histopathol-
ogy is performed on dead animals or after the
observation period is finished. Titres of the different
samples are defined in terms of surviving animals per
each studied dilution. Although the observation
period is not finished yet, the preliminary results of
these bioassays are in very good agreement with the
western blot results (Gajardo R et al., unpublished).

Concerning factor IX, experimental studies on
nanofiltration show a reduction factor 24.0 log;o/mL
by western blot, and a bibliographical evaluation of
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other steps compared to similar published proce-
dures indicate a very high reduction capacity for the
affinity chromatography (about 3.0 log;o/mL) and
for the ion exchange procedures (also about 3.0
logio/mL). Additional steps, such as Cohn’s fraction I
precipitation may also contribute to the overall TSE
reduction capacity (1.3 logo/mL).

Conclusions

Plasma products never had a wider safety margin
than today, comparable to any existing biologically
derived therapeutic product, in terms of theoretical
risks of biological agent transmission. In comparison,
other issues, especially inhibitor development in
haemophilic patients are a much more real concern.
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