Y. Piguet®

G. Janvier®

P. Selosse®

C. Doutremepuich®
J. Jouneau®

G. Nicolle®

D. Platel®

G. Vezon®

* Centre Régional de Transfusion Sanguine,
Bordeaux, C France

® CHU Pellegrin, Bordeaux, France

¢ Octapharma AG, Glarus, Switzerland

4 Faculté de Pharmacie de Bordeaux, France

Original Paper

Vox Sang 1992:63:251-256

Virus Inactivation of

Fresh Frozen Plasma by a
Solvent Detergent Procedure:
Biological Results

L T T T T T T L T TR T T Y

Abstract

In order to increase the safety of blood products, we have developed a proce-
dure for the virus inactivation of fresh frozen plasma. Several batches have
been prepared and with the first 10 batches, each of them composed of 60 litres
of plasma, we have determined a set of biological parameters. Virus inactiva-
tion was realised using TnBP (1%) and Octoxynol 9 (1%). After their elim-
ination with castor oil using chromatography on insolubilized C18 resin, gly-
cine was added and the pH of the plasma was adjusted to 7.4. Plastic bags were
aseptically filled with a mean volume of 200 ml of plasma. The mean levels of
coagulation factors were all over 0.7 U/ml and their recovery from initial
plasma was nearly the same as total protein except for factor VIII:C. The net
loss in factor VIII:C was 16%, when including the dilution of plasma. In vivo
and in vitro tests demonstrated that in the final product there were no activated
factors. As in fresh frozen plasma, the protein concentration was over 50 g/l
and the potassium level lower than 5 mmol/l. According to these results, virus-
inactivated plasma has the same qualities of fresh frozen plasma and could now
replace it.

SEsbRsBRTsIRRERERRRES

The heating of albumin for 10 h at 60°C [1] has proved
its efficiency in eliminating the risk of transmission of vi-
ruses. The safety of other blood-derivative proteins, such
as coagulation factors, could be improved, first by the
incorporation of a heating procedure in the lyophilized
state to kill HIV viruses [2], and second, by the introduc-
tion of a solvent detergent method to inactivate all enve-
loped viruses [3]. Other methods can be used including
heating of coagulation factors in the liquid phase [4] or
B-propiolactone treatment [5]. Today almost all plasma
derivatives are virus-inactivated.

Unfortunateley, with labile products including fresh
frozen plasma, the risk of virus transmission is not com-

pletely eliminated, despite screening tests. Nevertheless,
Piet et al. 6] have shown that plasma could be treated by
solvent detergent mixtures, especially with TnBP and Tri-
ton X-45.

This procedure provides an inactivation of various hu-
man pathogenic viruses added to plasma of more than 10°
TCIDs,. This was confirmed by Horowitz et al. [7] by
testing an inactivation procedure using 1% TnBP and 1%
triton X-100 (Octoxynol 9) on viruses such as HIV, HBV
and HCV.

Based on these findings, a virus-inactivating procedure
for pooled plasma has now been established by Octaphar-
ma Laboratories. We decided to use the Octapharma pro-
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cedure in our blood bank and currently 27 batches of vi-
rus-inactivated plasma have been prepared, In 10 batches
we have performed coagulation and biochemical param-
eters which are presented in this report.

Material and Methods

Fresh Frozen Plasma Collection

Fresh frozen plasma was isolated from whole blood donations.
The plasma was frozen at —40°C within 6 h after collection and stored
at-30°C., The mean volume of plasma in each bag was 250 ml. Fresh
frozen plasma was also obtained from plasmapheresis. In this case,
the plasma was immediately frozen after collection. The mean vol-
ume of plasma in each bag was 600 ml.

Each batch of plasma can be treated with respect to blood group
specificity, but our first 10 lots were prepared without taking blood
group into consideration.

Virus-Inactivation Procedure

Tenbatchesof 60 litres of pooled plasma were studied in this work.
Each batch was composed of 50% of plasma fromroutine whole blood
donations and 50% from plasmapheresis.

Plasma was thawed in a thermostatic tank and filtered with 1-um
filters into an other tank. The pooled plasma was held at a temper-
ature of 30°C. Then 1% (w/w) TnBP (Fluka Laboratory) and 1%
Octoxynol 9 (w/w) (Serva Laboratory) were added and gently mixed
for 4 h at 30°C. Viral inactivation and all the operating procedures
afterinactivation were performedin astrictly separate and controlled
room,

The virus-inactivating agents were removed by first adding 5%
(vol/vol) castor oil (Cooper Pharmaceutical Laboratory) and then by
chromatography on insolubilised C18 resin obtained from the Waters
division of Millipore. Plasma was collected in a tank without making
any concentration. Glycine (3%., w/w, Merck Laboratory) was then
added, solubilized by mixing and the pH of the plasma was adjusted
to 7.4.

After this last step, plasma was filtered through a 0.22-um filter
and the plastic bags (Maco Pharma Laboratory) were aseptically
filled with anominal volume 0f 200 ml of plasma. Then the plasma was
frozen to —40°C with liquid nitrogen and stored at — 30°C.

Coagulation Parameters

Factors VIII, IX:C, XI and XII were tested using a one-stage
method [8] on a semi-automated coagulometer (KC 10, Baxter). The
content of factor VIII was calculated and compared with a national
standard. The levels of factor IX:C, XI and XII were determined and
compared with those of a pool of citrated plasma from 20 normal
donors, with coagulation values considered to be 1 U/ml.

The prothrombin time method [9] was used to measure coag-
ulation factors V, II, X and VII:C, with a pooled plasma as standard.
AT III was evaluated using a chromogenic substrate (Stago Lab-
oratory [10]. Clottable fibrinogen was quantified by a method previ-
ouslydescribed [11]. Von Willebrand factor activity (vWF:RiCof) was
measured with an aggregometer using washed human platelets from
blood donors [12] and vWF:Ag by an ELISA method [13].

Assays of Factor-VIII Stability

Stability of Factor VIII at 37°C. Three bags of fresh frozen plasma
and 3 bags of virus-inactivated plasma were placed in a water bath at
37°C. After thawing, samples of plasma were taken from each bag at
1,2, 3, 4and 5 h and factor VIII was measured immediately.

Stability of Factor VIII at Room Temperature. Three bags of fresh
frozen plasma and 3 bags of virus-inactivated plasma were thawed at
37°C and then placed at room temperature. Factor VIII assays were
done on each bag at1, 4, 12, 24 and 48 h.

Stability of Factor VIII ar—30°C. We have begun a stability test on
5 batches after 3 months of storage at - 30°C.

Thrombogenicity Tests and Evaluation of Biological Parameters

to Determine Factors X, VII and IX Activators

An in vivo thrombogenicity test was carried out as described
elsewhere [14]. A dose of 5 ml body weight wasinjected to male Wistar
rats. Activated factor Xa [15] was measured by an amidolytic assay
(Stago). Factor-VII antigen (VII: Ag) and factor-IX antigen (IX:Ag)
were evaluated by an immunoenzymatic assay [16] to obtain VII: Ag/
VII:C and IX:Ag/TX:C ratios,

Biochemical Parameters

Total protein was determined by the biuret method [17]. This test
was validated by comparing it with those tests for total protein set out
by the European Pharmacopea. Free haemoglobin was quantitated
with an assay using tetramethyl benzidine [18], while potassium and
sodium were determined by flame photometry.

TnBP was measured by gas chromatography [19] and Octoxynol 9
by high pressure liquid chromatography. The main steps of the assay
were as follows.

First, the separation of plasmatic proteins from Octoxynol 9 was
carried outona Cl8resin. Afterloadingthe column with the sample or
the standards, the gel was washed with water and the fraction contain-
ing Octoxynol 9 was eluted with 75% isopropanol, and then concen-
trated to 0.2 ml with an analytical evaporator. Water was added to
bring the volume to 1 ml. Second, samples were chromatographed on
a 3.9 nm x 30 cm Bondapack CI18 colum (Waters). A linear gradient
with isopropanol was used. It was performed with 100% water (initial
solution) and 100% isopropanol (final solution). The flow rate was
1 ml/min and 0.25 ml of sample was applied on the top of the column.
Octoxynol 9 was detected at 230 nm by UV absorption. For each
sample the retention time was noted, the area of the peak measured
and the quantity of Octoxynol 9, evaluated comparatively to stan-
dards.

Electrophoresis oninitial and final products was done on cellulose
acetate. The endotoxin level was estimated using a chromogenic test
after a 1/20 dilution of plasma [20].

The pyrogen test was done by infusion of 3 ml/kg of plasma which
had previously been heated for 30 min at 56°C to avoid rabbit reac-
tions due to human complement. The specifications of this test are
described in the British Pharmacopea for dried human plasma.

Results

The majority of coagulation factors were not affected
by the viral-inactivation procedure. Except for factors VI-
IT and XI, all values were over 0.80 U/ml (table 1).
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Fig. 1. Loss of factor VIH after a 5-hour storage period at 37°C.

Table 1. Mean levels and recovery of coagulation factors in
virus-inactivated plasma (n=10)

W Fresh frozen plasma
104 O Virus-inactivated plasma

Fig. 2. Loss of factor VIII storage for 48 h at room temperature.

Table 2. Stability study of factor VIII after a 3-month storage
period at-30°C

Coagulation factors Levels, Ufml Recovery, %
11 0.90£0.05 90.78+4.06
\ 0.83£0.06 84.82+6.9
VII 0.99+0.08 98.20+3.41
VIII 0.76+0.07 75.66+6.06
vWi:Ag 0.92:+0.14 97.87+4.42
vWf:RiCof 0.93x0.11 90.95+6.06
X 0.82+0.08 88.23+£759
X 0.87+0.06 91.55%6.11
X1 0.75%0.07 91.71£7.33
XlII 1.04+0.08 95.52+4.61
ATIII 0.94=0,09 91.34+5,51
Total proteins 92.02+2.60

Number Levels of facor VIII, U/ml, in
virus-inactivated plasma
day 1 day 90 at -30°C

1 0.67 0.64

2 0.70 0.65

3 0.65 0.70

4 0.70 0.73

5 0.86 .75

Mean 0.71 0.69

+SD 0.08 0.05

In our study of the factors measured, factor VIII:C was
the most labile with an average decrease of about 24%
during the whole process. As there was a small dilution of
plasma in the chromatographic step, the real decrease in
factor VIII, after correction for dilution, was about 16%.

After thawing, the decrease in factor VIIIC at 37°C in
virus-inactivated plasma was the same as in fresh frozen
plasma (fig. 1).
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The same results were found when plasma bags were
kept for 48 h at room temperature (fig. 2) and no clot was
seen in all the bags checked at room temperature after
thawing.

Until now, stability trials at -30°C have shown no loss
of coagulation factor VIII (table 2).

Coagulation factor V was slightly affected in our pro-
cess where 84.82% was recovered (table 1). The decrease
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Table 3. Results of in vitro tests to study the activation of coagulation factors

Batch Factor VIIC/factor VII Ag, U/ml Factor IXC/factor IX Ag, U/ml Factor Xa, U/ml
No.
before inactivation  after inactivation before inactivation  after inactivation before inactivation  after inactivation

1 1 1.03 1.03 1.17 0.045 0.046
2 0.96 1.06 1.09 0.98 0.043 0.041
3 0.95 1.05 1.11 0.96 0.040 0.042
4 1.03 1.03 1.11 0.96 0.040 0.042
5 1.02 1.12 1.13 1.28 0.040 0.043
6 1.02 1.08 1.09 1.01 0.038 0.043
7 1.03 1.12 1.02 1.06 0.041 0.045
8 0.80 0.82 0.92 (.88 0.040 0.044
9 0.80 0.84 1.80 0.85 0.032 0.037

10 0.85 0.98 1.40 1.60 0.034 0.033

Mean 0.94 1.01 1.19 1.07 0.039 0.042

SD 0.09 0.10 0.25 0.22 0.004 0.004

Table 4. Mean biochemical parameters and electrophoretic
profile on virus-inactivated plasma (n = 10)

Biochemical parameters Values

pH 7.45+0.06
Total proteins, g/l 549 +1.78
Sodium, mmol/l 157.66+9.04
Potassium, mmol/l 3.28%0.11
Osmolarity, mosmol/l 323.9 +18.79
Plasmatic haemglobin, mg/l 63.1 +£12.26
Endotoxins, EU/mI 0.88+0.43
TnBP, pg/l <5
Octoxynol 9, pg/ml <5
Electrophoretic profile Before viral After viral

inactivation inactivation

Albumin, % 59.96+3.33 59.78+4.87
a,-Globulins, % 2.41£0.45 2.49+0.45
o»-Globulins, % 8.08+1.39 8.07+2.05
B-Globulins, % 10.38+1.55 11.15+1.47
y-Globulins, % 19.19+2.24 18.51%1.51

in the other factors was much the same as those of total
protein. The in vivo activation of coagulation factors was
negative and no thrombogenic effect was observed.

In vitro assays for activation of coagulation factors
were negative. There was no statistical difference be-
tween VII:Ag/VIII:Ag and IX:Ag/X:Ag ratios and fac-

tor Xa when performed on initial plasma and on the viral-
inactivated plasma (table 3).

The protein concentration was consistently over 50 g/l
and the distribution of proteins in virus-inactivated plas-
ma was the same as in the initial plasma (table 4).

The mean value of the pH is 7.45 and the mean potassi-
um level was less than 5 mmol/l. Very small amounts of
TnBP and Octoxynol 9 were found. These were lower
than 5pg/ml. Both the limulus test and pyrogenicity test-
ing inrabbits gave no evidence for the presence of pyrogen
in any batch.

Discussion

These studies show that the virus-inactivated plasma
described in this report has the same characteristics as our
fresh frozen plasma, with respect to the coagulation fac-
tors (mean level =0.7 U/ml), potassium (<5 mmol/l),
protein concentration (>50 g/l). These observations con-
firm our first results [21] and demonstrate that the quality
of biological parameters in the final product depends not
only on the preparation method but also on the initial
plasma quality.

In all our batches, we included some plasma from plas-
mapheresis, because the factor-VIII level is higher than in
plasma from whole blood donations [22]. If it is necessary
for each batch of virus-inactivated plasma to achieve a
factor-VIII level of over 0.7 U/ml, then plasma from plas-
mapheresis should be used exclusively.
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Large volumes of virus-inactivated plasma can induce
haemolytic disorders due to haemagglutinins and as a con-
sequence we have decided that future batches will be pre-
pared to take blood group specificity into account.

We have found the same results as Toby and Simon [23]
on factor-VIII molecule stability. After 3 months of stor-
age, no loss of activity has been observed and we expect
that the expiry date will be similar to fresh frozen plasma.
For one batch, a study of a 6-month storage has been
achieved and the levels of factor VIII was the same as that
found on the first day after manufacture

One important question is whether the inactivation
procedure induces activation of coagulation factors. Ac-
cording to our in vitro biological results, the products are
characterized by the absence of activation of coagulation
factors. As SD treatment is mainly directed towards lipids
and lipophilic proteins [24], virus-inactivated plasma may
deplete phospholipids with procoagulant activity. This
conclusion was supported by the results obtained with the
in vivo test, which did not reveal any thrombogenic activ-
ity in the rat stasis model.

Other methods for improving the safety of plasma have
been reported. Some have used UV irradiation [25], gam-
ma radiation [26] and others have proposed filtration

methods [27]. Cambrecht et al. [28] have described a
method using phenothiazine dyes in combination with vis-
ible light. This latter approach necessitates the manip-
ulation of individual donations of plasma. We believe the
processing of plasma pools may have some advantages:
standardization of biological parameters is facilitated.
Thus all plasma bags from the same batch have the same
quality. Pyrogen tests are done on each batch and the load
of endotoxins can be determined. This latter facility may
be a very important consideration when virus-inactivated
plasma is used in large volume plasma exchange. Finally,
this solvent detergent approach to virus inactivation in
plasma is unlikely to give rise to the development of neo-
immunogens [7].

The safety of blood products is a priority for blood
trasnsfusion services and, according to the studies report-
ed above, we believe that it should be possible to replace
fresh frozen plasma by virus-inactivated plasma.

Acknowledgements

We would like to thank M. Stephen Robinson for the preparation of
the manuscript and Nathalie Fiquet for her secretarial expertise.

L T T e L ey

References

1 Gellis S, Neefe J, Strong L, Janeway C, Scta- 6 Piet MPJ, Chin S, Prince AM, Brotman B, 12 Howard MA, Firkin BG: Ristocetin: A new

chard G: Chemical, clinical and immunologi-
cal studies on products of human plasma frac-
tionation: Inactivation of virus of homologous
serum albumin by means of heat. J Clin Invest
1948;27:239-244.

2 Hollinger JB, Dolano G, Thomas W, Gyorkey

quent
591-598.

Cundell AM, Horowitz B: The use of Tri-n-
Butyl phosphate detergent mixtures to inacti-
vate hepatitis viruses and human immunodef- 13 Bartlett A, Dormandy KM, Hawkey CM, Sta-
iciency virus in plasma and plasma's subse-
fractionation.

tool in the investigation of platelet aggregation
Thromb Diath Haemorrh 1971:26:362-369.

dle-Forth P, Voller A: Factor VIII related an-
tigen: Measurement by enzyme immunoassay.
Br Med ] 1976:i:994-996.

Transfusion  1990:30:

F: Reduction risk of hepatitis transmission by 7 Horowitz B, Bonomo R, Pronce AM, Chin S, 14 Doutremepuich C, Gestreau JL, Maury MO,

heat treatment of a human factor VIII concen-
trate. J Infect Dis 1984:150:250-254.
3 Horowitz B: Virus sterilization of plasma pro-

tein by treatment with solvent/detergent mix- 826-831.

tures (abstract). Satellite Symp 11th Int Cong 8 Biggs R, Evelin S, Richards G: The assay of
antihemophilic globulin activity. Br ] Haema- 15 Nigham F, Doussin G, Martinoli JL: Automa-

on Thrombosis and Haemostasis. Thromb Res

1987:(suppl 7):51. tol 1955:1:20-34.

4 Hilfenhaus J, Herrmann A, Mauler R, Prince 9 Soulier JP, Larrieu MS: Etude analytique des
temps de Quick allongés. Dosage de pro-
thrombine, de proconvertine et de pro-accélé-
rine. Sang 1982;23:549-559. 16 Amiral J, Adalbert B, Adam M: Application
ization. Vox Sang 1986;50:208-211. 10 Odegard OR, Lie M, Abilgaard U: Heparin
cofactor activity measured with an amidolytic
method. Thromb Res 1975:6:287-204. 17 Gornall A, Bardawill CH, David M: Determi-

AM: Inactivation of the AIDS causing retro-
viruses and other human viruses in antihemo-
philic plasma protein preparations by pasteur-

5 Heinrich D, Kotitschke R, Berthold H: Clin-
ical evaluation of the hepatitis safety of a p-
propiolactone/ultraviolet
concentrate (PPSB). Thromb Res 1982:;28:
75-83.

Page 5 of 6

Brotman B, Schulman RW: Solvent/detergent
treated plasma: A virus inactivated substitute
for fresh frozen plasma.

treated factorIX Il Clauss A: Gerinnungsphysiologische Schnell-
methode 2 zur Bestimmung des Fibrinogens.
Acta Haematol 1975:17:237-246.

Quilichini R, Boisseau MR, Toulemonde F,
Vairel E: Experimental venous thrombosis in
rats treated with heparin and a low molecular
weight heparin fraction. Haemostasis 1983;13:
109-112.

Blod 1992;79:

tisation de I'étude de I'hémostase et de la fibri-
nolyse par les substrats chromogéniques. Proc
Vle CSFH Avignon Nouv Rev Fr Hématol
1981:23(suppl):30.

of enzyme immunoassays to coagulation test-
ing. Clin Chem 1984:30:1512-1516.

nation of serum protein by means of the biuret
reaction. J Biol Chem 1949;177:751-766.

255



18

19

20

21

Elson EC, Ivor L, Gochman N: Substitute of a
non-hazardous chromogen for benzidine in
the measurement of plasma haemoglobin. Am
J Clin Pathol 1978:69:354-357.

Horowitz B, Wiebe ME, Lippin A, Stryker
MH: Inactivation of virus in [abile blood deriv-
ates. 1. Disruption of lipid-enveloped virus by
tri-n-butyl-phosphate/detergent combina-
tions. Transfusion 1985;25:216-219.

Thomas LLM, Sturck A, Kahle LH, Ten Cate
JW: Quantitative endotoxin determination in
blood with a chromogenic substrate. Clin
Chem 1981;116:63-68.

Piquet Y, Sélosse P, Gauthier M, Martinache
L, Vezon G: An improvement in the supply of
safe blood: Virus inactivated plasma prepared
in the blood bank (abstract). 16th Int Symp on
Blood Transfusion, Gréningen, Oct 1991,

256

Page 6 of 6

22

23

24

International Forum: What are the critical fac-
tors in the production and quality control of
frozen plasma intended for direct transfusion
or for fractionation to provide medically need-
ed labile coagulation factors? Vox Sang 1983;
44:246-259.

Toby L, Simon MD: Changes in plasma coag-
ufation factors during blood storage. Plasma
Ther Transf Technol 1988;9:309-315.

Zwall RFA: Membrane and lipid involvement
in blood coagulation. Biochim Biphys Acta
1978;515:163-205.

Prodouz KN, Frantantoni JC, Boone EJ,
Booner RF: Use of laser UV for inactivation
of virus in blood products Blood 1987.70:
589-592.

26

27

Hiemstra H, Tersmette M, Vos AHV, Over J,
Van Berkel MP, De Bree H: Inactivation of
human immunodeficiency virus by gamma ra-
diation and its effect on plasma and coagula-
tion factors. Transfusion 1991:31:32-39.
Yoshiaki H, Shinsi H, Sumunu K, Kazuhito Y,
Hideki I, Sei-Ichi M, Takashi T, Hiizu A, Nao-
ki Y: A novel method for removal of human
immunodeficiency virus: Filtration with po-
rous polymeric membranes. Vox Sang 1989:
56:230-236.

Cambrecht B, Mohr H, Kniiver-Hopf I,
Schmitt H: Photoinactivation of viruses in hu-
man fresh plasma by phenothiazine dyes in
combination with visible light. Vox Sang 1991;
60:207-213.

Piquet/Janvier/Selosse/Doutremepuich/
Jouneau/Nicolle/Platel/Vezon

Biological Results of Virus Inactivated
Plasma



