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plasma (65%), with 26.5 percent, 1.8 percent, and 0.8 per-
cent associated with platelets, RBCs, and polymorphonu-
clear cells, respectively.® Our results indicate that the
majority of WBCs can be detected after thawing, and these
are removed to undetectable levels after the WBC-
reduction step of the MB process. However, the method
we employed to detect WBCs predominantly measures
WBC nuclei (unpublished data), and therefore provides
little information on cellular integrity. The majority of
WBCs in freeze-thawed plasma are detectable with PI
without prior permeabilization,?** suggesting that freeze-
thawing alters WBC membrane integrity. The increase in
levels of o,;-proteinase inhibitor: PMN elastase complexes
after thawing of plasma spiked with WBCs shows that
PMN degranulation is occurring, but the postthaw levels
remain below 100 ug per L, which is not suggestive of
large-scale PMN disintegration. Furthermore, in the
absence of platelets, levels of LDH did not increase sub-
stantially after freezing, suggesting that WBCs do not dis-
integrate. We were unable to assess WBC fragments due to
the insufficient sensitivity of available methods.

When platelets were spiked into plasma, there was an
increase in platelet-derived microparticles after freeze-
thawing of plasma, which probably explains the small
decrease in platelet count detected by flow cytometry
because these events would not be included in the platelet
count. This fall was not detected by hematology analyzer,
possibly because cell fragments can be detected as plate-
lets by impedance-based methods. These fragments were
reduced to or below the level in WBC-reduced fresh
plasma after the WBC-reduction step of the MB process.
However, we also analyzed cell microparticles based on
the binding of purifed annexin V, which has a high affinity
for anionic phospholipids. Freeze-thawing resulted in
an increase in annexin-V-positive microparticles, which
appear to be mainly derived from platelets and were only
partially removed by WBC reduction. The increased
detection of microparticles by this method compared with
using an antibody against the platelet receptor CD61 is
probably attributable to the greater number of molecules
per platelet of anionic phospholipid (1 x 10°) compared
with CD61 (4-8 x 10*).%%*° The presence of RBC and WBC
microparticles (which will also bind annexin V) may also
help to explain this difference, but this seems unlikely
because in the absence of platelets the differences
between methods were less pronounced. The number of
annexin-V-positive microparticles found in non-WBC-
reduced plasma that has been frozen-thawed and then
filtered is not appreciably higher than would be found in
plasma that we currently produce.

The effect of loss of coagulation factor activity due to
MB treatment on the in vivo efficacy of the component is
difficult to assess because there are no published random-
ized, controlled clinical trial data comparing MB to either
standard FFP or S/D-treated FFP. However, 2.5 million
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units of MB FFP have been transfused internationally
without obvious clinical sequelae.®**! In Spain, the switch
from standard to MB-treated FFP has been associated
with an increase in demand for FFP and cryoprecipitate,*
which the authors attribute to loss of coagulation activity.
However the increase in use (56%) appears to be dispro-
portionate to the decrease in coagulation factors, suggest-
ing that other factors, such as perception of a safer
component, may have been influencing usage. It is also
reported that the use of MB FFP is associated with a higher
number of plasma exchanges compared with untreated
FFP for the treatment of thrombotic thrombocytopenic
purpura,® although we found no difference in the levels
of VWF cleaving activity, the presumed therapeutic moi-
ety in plasma treatment of thrombotic thrombocytopenic
purpura, in MB FFP* It is critical that transfusion services
introducing pathogen inactivation of components moni-
tor ongoing trends in usage as well as having a system for
hazard reporting. At the time of writing, MB-treated and
-removed FFP is routinely produced in England and Wales
for transfusion to children and neonates born after 1995,
with similar arrangements in other parts of the UK. How-
ever, in the near future, plasma to be pathogen inactivated
for this patient group throughout the UK will be imported
from volunteer donors in North America. Processes cur-
rently available for the pathogen inactivation of plasma all
resultin a decrease in coagulation factor activity. Improve-
ments in the safety of blood need to be balanced against
some likely reduction in the component potency. Single-
unit systems for pathogen inactivation of plasma that
have less effect on coagulation factor activity are clearly
desirable.

ACKNOWLEDGMENTS

We are grateful to the Haemostasis Research Unit (University
College London, UK) for performing VWF:CP assays and Saber
Bashir, PhD, (National Blood Service, Brentwood, UK) for per-
forming LDH assays.

REFERENCES

1. Serious Hazards of Transfusion Report 2000-2001. Published
2002 by Serious Hazards of Transfusion Steering Committee,
Manchester, UK.

2. Brown P, Rohwer RG, Dunstan BC, et al. The distribution of
infectivity in blood components and plasma derivatives in
experimental models of transmissible spongiform
encephalopathy. Transfusion 1998;38:810-6.

3. Brown P, Cervenakova L, McShane LM, et al. Further studies
of blood infectivity in an experimental model of
transmissible spongiform encephalopathy, with an
explanation of why blood components do not transmit
Creutzfeldt-Jakob disease in humans. Transfusion 1999;
39:1169-78.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Hunter N, Foster ], Chong A, et al. Transmission of prion
diseases by blood transfusion. ] Gen Virol 2002;83:
2897-905.

Lambrecht B, Mohr H, Kniiver-Hopf J, Schmitt H.
Photoinactivation of viruses in human plasma by
phenothiazine dyes in combination with visible light. Vox
Sang 1991;60:207-13.

Inada, Hessel B, Blomback B. Photooxidation of fibrinogen
in the presence of methylene blue and its effect on
polymerization. Biochim Biophys Acta 1978;532:161-70.
Zeiler T, Riess H, Wittmann G, et al. The effects of methylene
blue phototreatment on plasma proteins and in vitro
coagulation capability of single-donor fresh frozen plasma.
Transfusion 1994;34:685-9.

Aznar JA, Molina R, Montoro JM. Factor VIII/von Willebrand
factor complex in methylene blue-treated fresh plasma.
Transfusion 1999;39:748-50.

Aznar JA, Bonanad S, Montoro JM, et al. Influence of
methylene blue photoinactivation treatment on coagulation
factors from fresh frozen plasma, cryoprecipitates and
cryosupernatants. Vox Sang 2000;79:156-60.

Hornsey VS, Krailadsiri P, MacDonald S, et al. Coagulation
factor content of cryoprecipitate prepared from methylene
blue plus light virus inactivated plasma. Br ] Haematol
2000;109:665-70.

Hornsey VS, Drummond O, Young D, et al. A potentially
improved approach to methylene blue inactivation of
plasma: the Maco Pharma Maco-Tronic system. Transfus
Med 2001;11:31-6.

Seghatchian J, Krailadsiri P. What’s happening: the quality of
methylene blue treated FFP and cryo. Trans Apheresis Sci
2001;25:227-31.

MacGregor I, Hope J, Barnard G, et al. Application of a time
resolved fluoroimmunoassay for the analysis of normal
prion protein in human blood and its components. Vox Sang
1999;77:88-96.

Riggert J, Humpe A, Legler TJ, et al. Filtration of methylene
blue-photooxidized plasma: influence on coagulation and
cellular contamination. Transfusion 2001;41:82-6.
AuBuchon JP, Pickard C, Herschel L, et al. Removal of
methylene blue from plasma via an adsorbent filter. Vox
Sang 1998;74:1-6.

Cardigan R, Sutherland J, Garwood M, et al. The effect of
leucocyte depletion on the quality of fresh frozen plasma. Br
J Haematol 2001;114:233-40.

Allford SL, Harrison P, Lawrie AS, et al. von Willebrand
factor-cleaving protease activity in congenital thrombotic
thrombocytopenic purpura. Br J Haematol 2000;111:1215-
22.

Krailadsiri P, Seghatchian J, Williamson LM. Platelet storage
lesion of WBC-reduced, pooled, buffy coat-derived platelet

METHYLENE BLUE PHOTOINACTIVATION OF PLASMA

32

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

concentrates prepared in three in-process filter/storage bag
combinations. Transfusion 2001;41:243-50.

Verpoort T, Chollet S, Lebrun F, Goudaliez F, Mohr H,
Walker WH. Elimination of methylene blue from photo-
dynamically treated virus inactivated fresh-frozen plasma:
the Blueflex filter. Trans Clinique Biologique 2001;8 (Suppl
1):103s.

Guidelines for the blood transfusion services in the United
Kingdom (2002), 6th ed. London: The Stationary Office, 2002.
Mohr H, Kneuver-Hopf J. Influence of photodynamic
treatment on parvovirus B19. Infusionstherapie
Transfusionsmedizin 1999;26 (Suppl 1):1.18.

Mohr H, Lambrecht B, Selz A. Photodynamic virus
inactivation of blood components. Immunol Invest
1995;24:73-85.

Hellstern P, Sachse H, Schwinn H, Oberfrank K.
Manufacture and in vivo characterization of a solvent/
detergent-treated human plasma. Vox Sang 1992;63:178-85.
Cardigan R, Allford S, Williamson L. Levels of von Willebrand
factor cleaving protease are normal in methylene blue
treated fresh frozen plasma. Br ] Haematol 2002;117:253-4.
Furlan M, Robles R, Galbusera M, et al. von Willebrand
factor-cleaving protease in thrombotic thrombocytopenic
purpura and the hemolytic-uremic syndrome. N Engl ] Med
1998;339:1578-84.

Rider JR, Winter MA, Payrat JM, et al. Leucocytes can be
eliminated from plasma by filtration prior to viral
inactivation with methylene blue. Vox Sang 1998;74:209-10.
Hiruma K, Okuyama Y. Effect of leucocyte reduction on the
potential alloimmunogenicity of leucocytes in fresh-frozen
plasma products. Vox Sang 2001;80:51-6.

Wagner CL, Mascelli MA, Neblock DS, et al. Analysis of
GPIIb/IIlareceptor number by quantification of 7E3 binding
to human platelets. Blood 1996;88:907-14.

Tait JF, Smith C. Wood BL. Measurement of phosphatidyl-
serine exposure in leukocytes and platelets by whole-blood
flow cytometry with annexin V. Blood Cells Mol Dis 1999;25:
271-8.

Mohr H. Methylene blue and thionine in pathogen
inactivation of plasma and platelet concentrates. Trans
Apheresis Sci 2001;25:183-4.

Prowse C, Robinson AE. Pathogen inactivation of labile
blood components. Transfus Med 2001;11:147.

Atance R, Pereira A, Ramirez B. Transfusing methylene blue-
photoinactivated plasma instead of FFP is associated with
an increased demand for plasma and cryoprecipitate.
Transfusion 2001;41:1548-52.

de la Rubia J, Arriaga F, Linares D, et al. Role of methylene
blue-treated or fresh-frozen plasma in the response

to plasma exchange in patients with thrombotic thrombocy-
topenic purpura. Br ] Haematol 2001;114:721-3. 13

Volume 43, September 2003 TRANSFUSION 1247



Pathogen Reduction System
THERAFLEX - MB PLASMA

Pathogen Reduction of
Leucodepleted Plasma
Methylene Blue
Removal by Filtration

(P Ref. SDV0001XQ

Specifications

. Filters : Plasmaflex PLAS4,

Blueflex filter

.Bags: 2PVC

. Included Items : Methylene Blue pill (85ug)

. Label : English, French, German,

Dutch

. Sterilisation : Steam
. Shelf life : 2 years

. Packaging : 2 packs/peelable sachet

- 24 packs/box

Use
1/ Sterile Conne 7 3/\Illumination 4/ Filtration
LA N —
T _ : i
2/ 5/

Buffy

MB SAG-M
m Whole Wrec  [eiasva O PLASVA [JPRP [ Platelets O ppoesv O Nacl [ Coat O seum [0 Supematant [ Cryoprecipilate

Blood

{.\\(\ed ISo

%85 LOQQ)

og 150 F - 59420 MOUVAUX

08/03/2006

SDVO001XQ_A_A



