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Summary
Methylene blue (MB) treated plasma has been in clinical 
use for 18 years. The current THERAFLEX MB-Plasma has 
a number of improved features compared with the origi-
nal Springe methodology. This overview embodies: the 
biochemical characteristics of MB, the mechanism of the 
technology, toxicology, pathogen reduction capacity, cur-
rent position in clinical setting and status within Europe. 
The THERAFLEX MB (TMB) procedure is a robust, well 
standardised system lending itself to transfusion setting 
and meets the current guidelines. The pathogen kill power 
of the TMB system, like the other available technologies, 
is not limitless, probably in order of 6 log for most envel-
oped viruses and considerably less for non-enveloped 
ones. It does not induce either new antigen or grossly 
 reducing the function and life span of active principle in 
fresh frozen plasma (FFP). The removal of the residual MB 
at the end of the process has the beneficial effect of reduc-
ing potential toxic impacts. Clinical haemovigilance data, 
so far, indicate that cell-free MB plasma is effective in all 
therapeutic setting requiring FFP, besides inconsistent 
thrombotic thrombocytopenia purpura data, without seri-
ous side-effects or toxicity. The current system is in con-
tinuous improvement e.g. regarding virus reduction 
range, illumination device, software used, and process 
 integration in the blood bank setting.
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Frisch gefrorenes Plasma · Methylenblau-inaktiviert ·  
Pathogeninaktivierung · Virusinaktivierung ·  
THERAFLEX-MB-Plasma

Zusammenfassung
Mit Methylenblau (MB) behandeltes Plasma wird seit  
18 Jahren klinisch eingesetzt. Das aktuell verwendete 
 THERAFLEX-MB-Plasma-Verfahren ist im Vergleich zu der 
ursprünglichen Methode des DRK-Blutspendedienstes 
Springe verbessert worden. In diesem Artikel werden die 
chemischen Eigenschaften von MB, der Mechanismus des 
Verfahrens, die Toxikologie, die Pathogenreduktionskapa-
zität, der Einfluss auf Plasmaproteine sowie die derzeitige 
klinische Anwendung und Verwendung in Europa zusam-
mengefasst. Das THERAFLEX-MB-Plasma-System ist ein 
robustes, standardisiertes Verfahren, das sich für Blut-
bankeinrichtungen anbietet und den aktuellen Richtlinien 
entspricht. Die Pathogenreduktionskapazität des Verfah-
rens ist, wie die aller anderen verfügbaren Methoden, 
nicht unbegrenzt. Sie liegt im Bereich von zirka 6 log für 
umhüllte und ist geringer für nichtumhüllte Viren. Der Pro-
zess induziert weder neue Antigene noch reduziert er we-
sentlich die Funktion oder Lebensdauer der Plasmaprote-
ine. Das Entfernen des MB am Ende des Prozesses hat den 
Vorteil, dass mögliche toxikologische Auswirkungen ver-
ringert werden. Klinische Erfahrungen und Hämovigilanz-
berichte zeigen, dass das zellfreie MB-Plasma in thera-
peutischen Bereichen, in denen frischgefrorenenes Plasma 
benötigt wird, abgesehen von widersprüchlichen Daten 
bei thrombotisch-thrombozytopenischer Purpura, effektiv 
und ohne schwere Nebenreaktionen oder toxische Effekte 
ist. Das System wird kontinuierlich weiter ent wickelt, z.B. 
in Bezug auf die Palette der Viren, die Belichtungs-
maschine, die verwendete Software und die Integration in 
die Blutbank.
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chemical name is: 3,7-bis(dimethylamino)-phenothiazine-5-
ylium chloride. At room temperature MB is an odourless dark 
green powder, which is soluble in cold water. The alternative 
colourless leuco MB is readily oxidized into MB in the pres-
ence of oxygen. Since MB is used as active ingredient in several 
drugs there are monographs in the USP and in the Pharm. Eur.

MB was first synthesized by Heinrich Caro in 1876. It was 
the first tar-derived colour in the world for which the syn-
thesis process was patented in 1877 [13]. The substance was 
used as starting point for the creation of several drugs e.g. for 
chlor promazine which was used as antipsychotic [14].

As first medical application MB was used as early as 1891 
by Guttmann and Ehrlich to treat malaria [15]. Although it 
was later replaced by other drugs, there is renewed interest for 
the treatment of malaria with MB [16]. Some of the other use-
ful applications of MB include: treatment for methaemoglobi-
naemia recommended by the WHO and the European Com-
mission as antidote [17]; attenuating the pathogenic effects of 
sepsis; sentinel lymph node biopsy (SLNB) to differentiate the 
different tissues [18]; chromoperturbation and chromoendos-
copy to localise Barrett’s metaplasia [19, 20]; inhibition of the 
actions of nitric oxide that lead to increased blood pressure 
and myocardial function [21, 22]; treatment of anaphylaxis 
[23–25] by giving intravenously 1.5–2 mg/kg body weight [26].

In all the above clinical applications the final amount of 
MB in the patient is considerably higher than when using MB 
plasma. Nevertheless, the potential side-effect of treated 
plasma remains to be fully elucidated by active haemovigi-
lance at national and European levels by main users.

Introduction

Pathogen safety of fresh frozen plasma (FFP) in most European 
countries has improved significantly over the past two decades 
owing to stringent donor selection, strict exclusion criteria and 
complementary improved screening tests, and the desire for in-
troduction of safer plasma. In certain countries, the safety is fur-
ther enhanced by universal leucodepletion and pathogen reduc-
tion. Universal leucodepletion not only decreases transfusion 
reactions and HLA alloimmunisation but also provides the ben-
efit of removing cell-associated pathogens such as cytomegalo-
virus (CMV) and human T-cell lymphotropic viruses (HTLV) I 
and II. Pathogen reduction raises the safety margin by inactivat-
ing pathogens that have gone undetected during screening due 
to window periods or test errors. In addition, pathogen reduc-
tion provides a proactive safeguard, inactivating emerging path-
ogens before they enter the blood supply chain and before 
screening tests have been developed and implemented [1]. It 
should be noted that the current pathogen reduction procedures 
are not foolproof. Breakthrough for high viral loads may occur, 
especially in ramp-up early phase of the infection, and we need 
also to worry about parvoviruses and hepatitis A as well as 
vCJD and any evolving viruses that may emerge. Nevertheless, 
the implementation of virus reduction technologies is a way for-
ward to increase the safety margin.

The adopted technology for pathogen reduction, to achieve 
rapid acceptance, must be robust, affordable, and clinically 
 effective without grossly reducing the function and the life 
span of active principles in FFP or being toxic to recipient. 
Hence this requires continual quality improvement in terms 
of safety, efficacy, availability and supply management.

A promising development, fit for purpose, is the use of 
methylene blue (MB) for viral reduction of single unit FFP. 
This technology was originally developed by the Blood Centre 
of the German Red Cross, Springe, Germany; and MB FFP 
was first produced routinely for clinical use in 1992 [2]. The 
emerging THERAFLEX MB-Plasma system (MacoPharma, 
Tourcoing, France) has a number of improved features and 
has been used routinely by blood centres in several countries 
with success. More than 4.4 million MB-treated plasmas 
 including over 1.9 million THERAFLEX MB (TMB) plasma 
units have been generated to date [3]. This article gives an 
overview of the chemical characteristics of MB, the mecha-
nism of the technology, toxicology, and pathogen reduction 
capacity as well as the current position and haemovigilance 
status within Europe. The manuscript is based on our previous 
review [4] and updated by some of the recent data and reports 
on viral reduction topic and European haemovigilance [5–12].

Biochemical Characteristics of Methylene Blue

MB is a positively charged phenothiazine derivative. It consists 
of a thiazine ring and two dimethylamino groups (fig. 1). The Fig. 1. Structure of MB and leukomethylene blue.
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time in the blood bank. Moreover, the Blueflex filter is acting 
as backup system for the PLAS4 filter comprising an identical 
membrane. The filtered plasma then flows pass a dry pill of  
85 μg anhydrous MB chloride which is integrated into the 
bag system providing an approximate final concentration of  
1 μmol/l for a volume of plasma between 235 and 315 ml, 
hence aphaeresis plasma needs to be split into the volume 
within this range.

The illumination is achieved by a microprocessor-con-
trolled device (Macotronic; MacoPharma), ensuring treatment 
under a Good Manufacturer Practice (GMP) controlled con-
dition where not only both illumination dose and intensity are 
constantly monitored but also temperature is maintained at 
≤22 °C. The use of low-pressure sodium lamps with a peak 
wavelength of 590 nm instead of fluorescent lamps in the orig-
inal version reduces the illumination time from 1 h to about 

From a historical pathogen reduction standpoint, reduction 
of viruses by addition of MB to various aqueous solutions and 
subsequent illumination with visible light has been described 
as early as 1933 by Perdrau and Todd [27]. Subsequently dif-
ferent authors have described reduction of several pathogens 
to different extent. This includes Herpes simplex [28], Es-
cherichia coli [29], and vaccinia virus [30]. Today it is well es-
tablished that combined MB light system has a broad spec-
trum potential for reducing the impact of pathogens transmit-
table through transfusion.

Processing Methodology

Two different methods for MB treatment of human plasma for 
virus reduction are currently in use. Table 1 summarises the 
key features of the original and the current MB/light treatment 
systems. The original ‘Springe’ method, developed by the 
Blood Centre of the German Red Cross Chapters of Lower 
Saxony, Saxony-Anhalt, Thuringia, Oldenburg and Bremen 
(NSTOB), institute Springe and commercialised by Grifols 
and the TMB plasma method originated by MacoPharma.

The inactivating process can be divided into five steps as 
shown in figure 2.

The Springe process required freezing and thawing of 
plasma units to disrupt leucocytes, releasing intracellular vi-
ruses, because MB only partially penetrates cell membrane. 
An optimised amount of MB solution was then added to the 
plasma unit to achieve a final concentration of 1 μmol/l, and 
subsequently the plasma bag was illuminated with fluorescent 
tubes on one side for 1 h. This process was factory-based. The 
current improved TMB plasma system lends itself to blood 
bank-based processing and has obtained a CE class III mark-
ing. It employs a 0.65 μm membrane filter (Plasmaflex 
PLAS4; MacoPharma) which removes residual leucocytes, 
red cells, platelets and aggregates, and minimises the amount 
of microvesicles and microparticles [31]. Filtration efficiency 
is ensured by integrity testing during filter manufacturing and 
by routine monitoring of residual cell content and filtration 

Processing steps Springe THERAFLEX
(Macotronic V) 

THERAFLEX 
(Macotronic B)

1. Freezing/thawing yes no no
2. Leucodepletion no yes* yes*
3. Addition of MB 50 μmol/l MB solution 

volume adjusted to  
1 μmol/l

85 μg of MB dry pill 85 μg of MB dry pill

4. Illumination one side  
fluorescent lamps 
no temperature control

two side  
sodium lamps 
temperature monitoring

two side  
Light emitting diodes 
temperature monitoring

5. Removal of MB no yes yes

*0.65 μm membrane filter is integrated in the system.

Table 1. Compari-
son of the processing 
methods used in the 
original and current 
methylene blue treat-
ment systems
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Fig. 2. The photodynamic mechanism of MB. Type II is the main mecha-
nism seen in plasma [46].
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employed the Macotronic B showed at least an equivalent 
viral reduction capacity as compared to that of the Maco-
tronic V device [36].

It is pertinent to question whether factor VIII level is a rel-
evant quality indicator of FFP and cryoprecipitate, in particu-
lar in developed countries where these products are not indi-
cated for factor VIII replacement [37]. Attempts should be 
made to introduce more clinically relevant indicators includ-
ing other labile factors, affected by photoreduction system, 
such as factor V and XI where FFP is currently in clinical use 
for [38]. In countries that lack financial resources to obtain 
pathogen-inactivated factor concentrates, cryoprecipitate de-
rived from MB FFP could be useful in treating haemophilia 
A, von Willebrand’s disease as well as fibrinogen and factor 
XIII deficiencies. The processing steps for cryoprecipitate 
should therefore be customised to optimise the recovery of 
the coagulation components required for clinical use e.g. fac-
tor VIII, fibrinogen and factor XIII. 

Commercially available fibrin glue products are manufac-
tured from pooled plasma. Cryoprecipitate prepared from 
MB FFP could be an alternative source which provides the 
benefit of reduced number of donor exposure. Preparation of 
fibrin glue from TMB single-donor plasma with a proprietary 
device revealed comparable performance compared to stand-
ard FFP [39].

Pharmacokinetics and Toxicology

There is considerable clinical experience to support that MB 
has limited toxicity.

20 min to achieve the required light dose of 180 J/cm2. Before 
treatment the donation number is captured by barcode reader 
or optionally by radio frequency identification (RFID). When 
the same donation number is scanned for a second time, the 
software will reject illumination. Plasma units that have been 
treated are indicated by a barcode label comprising all essen-
tial information on the illumination process. After treatment, 
over 90% of the residual MB combined with its photo-acti-
vated products is removed by a specially designed filter (Blue-
flex; MacoPharma) [32, 33]. Thus, plasma is filtered twice, re-
sulting in virtually cell-free plasma. In the UK, as plasma units 
are imported in a frozen state, a thawing step is required be-
fore MB treatment.

From the operational standpoint further improvement in 
aphaeresis plasma processing by TMB plasma system has 
been made optimising the process flow with the use of the 
LEAN management system principle which enhance the 
safety and comfort of both the process and the staff [34].

Recently a new Macotronic illumination device has been 
introduced, Macotronic B. This device is equipped with light-
emitting diodes instead of sodium low-pressure lamps. The 
size of the device was substantially reduced, enhancing oper-
ational flexibility. Cross-validation between the Macotronic 
V and B was done measuring factor V, factor VIII, factor XI, 
protein S, alpha2-antiplasmin, prothrombin time, activated 
partial thromboplastin time, thrombin-antithrombin, and 
total protein content. Results showed equivalence of active 
components, in particular factor V, factor XI and protein S 
[35], and factor retention was similar to previously published 
data [4]. In a study using plasma spiked with pseudorabies 
virus, bovine diarrhoeal virus or HIV, MB treatment which 

Fig. 3. Safety mar-
gins of MB-treated 
plasma using animal 
models. Concentra-
tion in the clinical 
use column is based 
on an MB dose of 
0.1 μg/kg.
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testing is to estimate safety margins to better inform clinical 
researchers, and preclinical toxicity testing is limited in defin-
ing the ultimate safety of the product. Small members of ani-
mals in cross-species testing are used to predict response in 
human. Based on available data, there is considerable evi-
dence to support that TMB plasma has limited toxicity, and so 
far no neoantigenicity or genotoxicity have been observed. 
There was no significant passive cutaneous anaphylaxis even 
at tenfold higher MB concentration in mouse model. More-
over, no antibody formation was detected in rabbits which for 
prolonged times where repeatedly immunised with auto-
logous photoinactivated plasma [45]. It is expected that more 
data would become available after extensive post marketing 
surveillance and haemovigilance.

Pathogen Reduction Capacity

MB is a phenothiazine compound which intercalates into viral 
nucleic acid, and subsequent illumination generates singlet 
oxygen leading to guanosine oxidation and destruction of the 
viral nucleic acid preventing viral replication [46, 47] (fig. 4). 
In addition, an experiment on HIV 1 has shown that MB treat-
ment also acts on other target sites such as the envelope, core 
proteins, and reverse transcriptase enzyme [48]. Table 2 shows 
the viral reduction spectrum and viral reduction capacity of 
the THERAFLEX system based on infectivity assay in cell 
cultures [4, 49, 50]. The reduction of enveloped viruses tested 
is at least 5 logs and its reduction spectrum includes HIV as 
well as model viruses for HBV and HCV. In addition, it is also 
effective against West Nile virus (WNV) [49, 51]. For non- 
enveloped viruses the efficacy is diverse, e.g. approximately ≥4 
logs for calicivirus and simian virus 40 and not effective against 
hepatitis A and porcine parvovirus [49]. Nevertheless, the MB 

In a recent study using rat models, after 20 mg/kg intrave-
nous infusion, MB shows a biphasic elimination half-life with 
an initial half-life of only 3 min and a terminal half-life of 12 h. 
The excretion of MB in urine and faeces was almost complete 
96 h after infusion with less than 1% of the infused MB found 
in various organs. Azure B, a photoactivated product of MB, 
revealed a similar pharmacokinetic profile [40]. Furthermore, 
MB given orally has been found to be well absorbed provid-
ing a systemic bioavailability of approximately 50%, hence 
results from earlier toxicology studies using an oral route [41, 
42] can also be applied to intravenous route. Chronic expo-
sure in rats and mice at doses up to 200 mg/kg/day via oral 
route for 13 weeks did not show signs of toxicity [41]. Studies 
using animal models and intravenous injections show that MB 
has a very high safety margin, in the magnitude of 160 to 
200,000 times of the clinical dose used in the MB FFP (fig. 3; 
unpublished data, MacoPharma). Also the photoproducts 
were tested for toxicological effects. Azure B, reveals similar 
toxicological profile as MB in vitro, for Azure A and C the 
results are inconclusive [40, 43].

In human, intravenous MB at doses of 1–5 mg/kg has been 
used mainly in methaemoglobinaemia and cyanide poisoning 
without the report of serious adverse reactions. The amount 
of MB used in the current TMB system is 85 μg per plasma 
unit. Assuming an average volume of a plasma unit of 250 ml, 
a 70-kg adult transfused with 1,000 ml of TMB FFP will re-
ceive approximately 0.005 mg/kg of MB. With the use of MB 
removal filter which reduces MB and its photoproducts to an 
average level of 2 μg/l [32], the transfused residual MB will be 
0.00003 mg/kg or 0.5 μg per plasma unit which is well below 
the requirement of the guidelines for blood transfusion serv-
ices in the UK and France (below 30 μg/unit) [44].

MB-treated plasma underwent extensive toxicity studies 
for licensing purpose. In practice the primary goal of toxicity 
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Fig. 4. MB is a phe-
nothiazine dye which 
intercalates into viral  
nucleic acid and sub-
sequent illumination 
generates singlet 
oxygen leading to 
guanosine oxidation 
and destruction of 
the viral nucleic acid 
preventing viral rep-
lication.
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the pathogen reduction capacity of the MB system. Such sys-
tems would also possibly reveal intracellular repair of insuffi-
ciently inactivated viral nucleic acid by the infected cultured 
or animal cells.

Adherance to Guidelines and Clinical Aspects

The effect of MB treatment on coagulation factors and anti-
coagulant proteins in plasma has been widely published and 
reviewed elsewhere [4, 38, 50, 58–60]. In brief, the loss of co-
agulation factors is mainly due to photo-oxidation of the pro-
teins during the illumination process, and the loss caused by 
other steps, such as freeze-thawing, leucocyte filtration or MB 
removal, is negligible or limited [61], meeting phase 1 and 2 
validation requirements. The loss of factor VIII and fibrino-
gen, the most commonly used parameters for quality monitor-
ing of plasma, ranges from 10 to 35%. This large variation is 
possibly due to varying analytical procedures used in different 
laboratories. Moreover, slight changes in fibrin polymerisa-
tion similar to those seen in plasma from patients with dysfi-
brinogenaemia which are usually without clinical significance, 
have been observed [62]. A recent study has shown that MB 
treatment has no profound effect on the characteristics of 
thrombin generation as compared to the untreated counter-
part [63]. The loss of other coagulation factors appears to be 
in lower ranges. MB treatment has little effect on anticoagu-
lant or fibrinolytic proteins such as protein C, protein S, anti-
thrombin III, and plasminogen.

Observational studies in Spain [64, 65] give the impression 
that MB plasma is possibly less effective than Q-plasma for 
plasma exchange in thrombotic thrombocytopenia purpura 
(TTP). Additionally, data from a prospective multicentre co-
hort report indicated a greater volume of plasma used and a 
higher frequency of recurrence [66]. In Spain both, the origi-
nal Springe method and TMB are used in parallel, and no dif-
ferentiation was made in this publication. In this respect such 
observation of reduced effectiveness of MB plasma is highly 
curious inasmuch as further studies indicate that MB plasma 
contains normal levels of ADAMTS-13 [67].

Castrillo et al. [68] reported data from quality control test-
ing over 5 years in which more than 110,000 units of FFP from 
both random and aphaeresis donors were treated with MB. 
The data representing all ABO blood groups show that de-
spite the loss of factor VIII during MB treatment, the level of 
factor VIII still met the criteria of the Council of Europe 
Guidelines for FFP, i.e. ≥70%. After the initial loss of plasma 
proteins, at <–30 °C storage, the levels of all plasma proteins 
tested remain stable for at least 27 [69] or even 39 months 
[70]. This data may prove useful to regulatory authorities to 
prolong the storage time of FFP, helping in the supply availa-
bility and management.

Cryoprecipitate prepared from MB FFP contains approxi-
mately 20–40% less fibrinogen and factor VIII compared with 

system has shown a reduction of ≥5 logs of parvovirus B19 
[52]. For the latter virus evidence exists that even MB without 
illumination showed a 1–2 log reduction power. Additional 
 illumination enhances this by 3–4 log steps [53].

As for non-viral pathogens, a study on Trypanosoma cruzi 
using in vitro cultures and a mouse model shows that MB 
treatment provides a log reduction of >3.4 and 4.9–5.8 respec-
tively, indicating that this pathogen reduction system could po-
tentially prevent transfusion-transmitted Chagas disease [54]. 
Although the effect of MB system on malaria, an intracellular 
parasite, has not been characterised, leucocyte filtration and 
freeze-thawing process remove and disrupt parasite-containing 
cells, hence preventing its multiplication. These benefits are 
also applicable to cytomegalovirus and human T-lymphotropic 
virus I and II [55]. There have been reports that phenothi-
azines might destroy prions [56, 57] but the actual effect of the 
MB system on this pathogen remains to be investigated. 

The MB system does not remove the viral nucleic acid 
which has been inactivated. As a result, assays which are 
based on nucleic acid amplification tests could remain positive 
even though the treated plasma is no longer infectious. Simi-
larly, assays based on specific antibodies could also detect 
 inactivated viral particles. Therefore, infectivity assays using 
cell cultures or animal models are most suitable for assessing 

Table 2. Viral log reductions achieved by MB treatment

Virus Family Model for Reduction rate 
(log 10)

Enveloped viruses
HIV-1 Retro HIV ≥5.45*
WNV Flavi WNV ≥5.78*
BVDV Flavi HCV ≥5.44*
PRV Herpes HBV, CMV ≥5.48*
Duck HBV Hepadna HBV ≥6*
Influenza H3N2 Orthomyxo Influenza ≥4.40*
CMV Herpes CMV ≥4.08*
IBV Corona SARS ≥4.90*
Hog cholera Flavi HCV ≥5.92
Herpes Simplex Herpes Herpes ≥5.50
Bovine herpes Herpes Herpes ≥8.11
Semliki Forest Toga Chikungunya ≥7.00
Sindbis Toga Chikungunya ≥9.73
Influenza Orthomyxo Influenza ≥5.1
Vesicular Stomatitis Rhabdo Rabies ≥4.89

Non-enveloped viruses
Had-5 Adeno Adeno ≥5.33*
Calici Calici Noro ≥3.9*
SV 40 Polyoma SV40 ≥4
Parvo B 19 Parvo Parvo B19 ≥5
Porcine parvo Parvo Parvo B19 0*
Polio Picorna Polio >1
Hepatitis A Picorna HAV 0 *

*Tested under production conditions.
≥ Reduction below detection limit.
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this information it is possible to evaluate the adverse event 
rate of TMB-treated plasma in the countries where this proce-
dure is used. Unfortunately, in some countries where different 
safeguarding methods for plasma are used in parallel, adverse 
events are not always differentiated by the plasma type used, 
making it difficult to interpret and compare data with 
accuracy.

The French haemovigilance report from 2009 is now avail-
able [74]. During 2009 204,814 units of MB plasma have been 
issued. This is 55.1% of all plasmas produced. In total 371,658 
plasma units were delivered. A relatively higher incidence of 
allergic events with MB-treated plasma when compared with 
quarantine FFP was reported; thus we are awaiting an expla-
nation by a dedicated expert group whether it is a recipient- 
or product-related reaction. The authors of a case report from 
France stated that they found some evidence for a potential 
cross-reactivity of Patent Blue V (PBV), a food colourant 
widely used in Europe, and MB which may explain such al-
lergic reactions to MB plasma [75]. This is in contrast to previ-
ous publications. It has been shown that, in contrast to MB, 
PBV is binding to proteins and forms a complex [76]. An IgE-
mediated mechanism was suggested [77]. In fact MB was 
 recommended as a safe alternative to PBV for lymph node 
mapping [78, 79].

The guidelines of clinical usage of pathogen-reduced plas-
mas in France are the same as those used for FFP. MB plasma 
should not be used in case of sensitisation to MB [80]. Re-
cently, allergic reactions of patients receiving blood products 
became a special focus of interest in the French haemovi-
gilance program. For this purpose a dedicated working party 
was inaugurated.

non-treated FFP based on a limited number of samples tested 
[59] but remain within the specification set by the Council of 
Europe Guidelines, i.e. factor VIII ≥70% of the value of the 
freshly collected plasma unit [71]. Experiments have shown 
that storing MB FFP units at 2–6 °C for 4 or 8 h significantly 
increases fibrinogen recovery with a concomitant small loss of 
factor VIII recovery in the cryoprecipitate units [4, 72, 73]. 

In clinical practice satisfactory results have been reported 
with this product, but there have been no full reports of large-
scale randomised trials using relevant endpoints such as blood 
loss or exposure to other blood components. 

State of Accreditation in Europe and Haemovigilance

Blood components for transfusion are classified differently by 
various European countries. In Germany they are considered 
pharmaceutical drugs and must meet pharmaceutical stand-
ards according to latest standards of research and develop-
ment. For FFP production licenses are issued by local authori-
ties as well as by marketing authorisations issued by compe-
tent federal authority. Major changes therefore require that 
the transfusion service reapply for a new licence. Similar sys-
tems are in place in other countries, e.g. in Switzerland and 
France, while in some other European countries blood com-
ponents are considered as medicinal products, with equal 
stringent rules and regulations. Moreover, while European 
blood directives defines quality and safety standards for the 
testing, processing, storage, and distribution of human blood 
and components, individual member states are free to adopt 
higher standards than set in the EC directives. Therefore as 
one might expect states of accreditation as well as opinions on 
the scientific/clinical, regulatory and economic aspects vary 
widely within Europe. 

A recent survey of established pathogen inactivation of 20 
representative centres by Seifried et al. [12] revealed that 
80% routinely used pathogen-inactivated FFP and 50% plans 
to introduce it for the first time or to expand their current 
portfolio in near future. From the future development point 
of view the outlook for pathogen reduction technology in rou-
tine production setting of Europe is multifaceted, as regula-
tion varies and decision makers have different scientific, med-
ical and political viewpoints. Nevertheless, in principle the 
regulatory framework, setting high standards for establishing 
pathogen inactivation and harmonising the procurement of 
safe blood in Europe, is in progress.

As for the current use of TMB system in European coun-
tries, one of the authors assembled some data from main users 
(summarised in table 3) when the TMB system has been regis-
tered or is in routine use in Europe.

During the last decade haemovigilance follow-up has be-
come more and more adopted. National programs where es-
tablished in several European countries which allow deter-
mining the extensiveness of different adverse events. With 

Table 3. Global overview of European countries where THERAFLEX 
MB-Plasma is in routine use or registered.

Country Country  
approvals

In routine use % of therapeutic  
plasma

Austria 2008 2008  5
Belarus 2009
Belgium 2004 2004 98
Croatia 2006
Czech Republic 2005
France 2005 2008 55
Germany 2007
Greece 2000 2000 10
Italy 2002 2002 18
Lithuania 2004
Poland 2006 2008  0.1
Russia 2006 2006  5
Spain 1999 1999 65
Switzerland 2007
Ukraine 2007
UK 2002 2002  4*

*Only used for children up to the age of 16.
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In Italy it is not possible to attribute any adverse effect to 
plasma or MB-treated plasma because the first national 
haemovigilance report published in 2007 is not distinguishing 
adverse reactions by the different blood components [88]. 

A retrospective study on clinical efficacy of MB-treated 
plasma was published in Italy [89]. The authors concluded 
that MB-treated plasma allows an effective, safe and well tol-
erated treatment. No patient presented with early or late ad-
verse effects during the administration when arresting any se-
vere bleeding or coagulopathy, with no increased request of it.

Politis et al. [60] from Greece reported 5 years experience 
with MB FFP in which 8,500 units of MB FFP were compared 
with 54,435 units of untreated FFP given to patients with a 
similar range of clinical conditions. MB removal filter was 
used in 3,038 units of MB FFP. No seroconversion for HBV, 
HCV, HIV, or HTLV I/II was detected 6 months after MB 
FFP or untreated FFP transfusion. The incidence of adverse 
reactions was 1 in 8,500 with MB FFP and 1 in 2,177 with un-
treated FFP. Although the difference was not statistically sig-
nificant, it is noteworthy that the only adverse reaction seen 
in the MB FFP group was non-serious allergic reaction. In 
the untreated FFP group, both non-leucodepleted and leu-
codepleted products were used during the reported period, 
and the associated adverse reactions encompassed allergic 
 reactions, anaphylactic shocks, bacterial infections, and non-
haemolytic febrile transfusion reactions. The lower incidence 
of allergic reactions and non-haemolytic febrile transfusion 
reactions in the MB group was attributed to the early and 
 effective removal of leucocytes as well as platelets by leuco-
cyte filter [60].

Conclusion

Although today’s blood components in Europe are consid-
ered to be safer than ever, research to further improve trans-
fusion protection will continue with rigour, and the expansion 
of pathogen inactivation is a necessary task in the future plan. 
In this respect, despite some variable loss of some active com-
ponents, the TMB plasma system for pathogen reduction 
meets the acceptance criteria of various national and Euro-
pean guidelines. Overall satisfactory results are generally ob-
tained in many clinical experiences all over the world using 
MB FFP technology. Nevertheless, the controversial signifi-
cance of small changes in potency on clinical outcomes, in 
particular in TTP, remains to be fully elucidated as MB treat-
ment has little impact on the plasma content of ADAMTS-13. 
This highlights the current concept that the consistency in 
product efficacy is as important as products meeting the speci-
fication. An integrated national haemovigilance system is 
warranted to overcome the limitations of animal toxicity stud-
ies with a restricted amount of individuals. Observational 
studies or even multicentric, prospective cohort studies with 
patients might not reveal rare events.

The available information from Belgium is most promising, 
indicating no different adverse event profile of MB-treated 
compared to non-treated plasma.

The most recent haemovigilance report for Belgium is 
summarising data from 2008 [81]. In total 2 severe transfusion 
reactions assigned to plasma were reported, both angio-
oedema. Since in Belgium almost all therapeutic plasma (ap-
proximately 90,000 units/year) is MB-treated, this report gives 
the most valuable information on the frequency of adverse 
 effects by the use of TMB. Comparative haemovigilance data 
before and after introduction of TMB plasma in Belgium is 
available [82]. The authors compared the incidence and the 
seriousness of adverse events from their hospital before mid 
of 2004, when they used solvent-detergent FFP (SD-FFP) 
with data after introduction of TMB plasma. They found no 
significant increase in adverse event incidence after MB FFP 
transfusion (odds ratio 1.2), and the seriousness of these 
events was comparable; in particular, allergic reactions did 
not increase from 2003 to 2004. The clinical efficacy of both 
FFP was similar.

The current legislation in the UK does not require single 
donation blood components to have a product license. More-
over, no independent formal pathogen reduction validation 
other than occasional studies on individual pathogen is re-
quired. Accordingly, it is important to rely on manufacturing 
data on viral safety provided for licensing or the parent 
product.

Nevertheless, in the UK there is a well established system 
in place, addressing transfusion-transmitted infection. As for 
the transfusion reactions the annual SHOT report indicates in 
total 44 acute transfusion reactions of FFP comprising 32 al-
lergic/anaphylactic reactions in 2009 [83]. Two allergic/ana-
phylactic reactions were attributed to SD plasma and one fe-
brile reaction to MB plasma. Additionally, one transfusion-
associated circulatory overload was described with MB 
plasma. A 65-year-old woman with TTP was treated with 12 
units of MB plasma (2,636 ml) without plasma exchange. She 
was successfully treated with furosemide. The impact of using 
only male donor plasma in reducing the TRALI awaits long-
term clinical experience.

In Spain approximately 250,000 units of plasma are trans-
fused annually 65% of which is MB-treated. Haemovigilance 
data from Spain suggest that the side-effects associated with 
the use of MB plasma are similar to those seen with standard 
FFP [84]. In the 2007 Spanish haemovigilance report FFP is 
involved in 34% of all allergic reactions reported [85], which 
is similar to Catalonia (32%) where all transfused plasma is 
MB-treated [86].

Castrillo et al. [68] have reported 5 years experience on 
more than 110,000 units of MB FFP with no adverse reactions 
observed. In addition, another group from Spain has reported 
their experience with MB FFP from 1996 to 2006 with the 
TMB system being used from 1999, producing more than over 
88,000 units of TMB FFP with satisfactory outcomes [87].
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it is expected that with increasing clinical data and further 
methodological improvement acceptance will rise, making 
pathogen reduction to become the standard routine proce-
dure at least in Europe. Therefore TMB procedure for plasma 
is here to stay in Europe and would undoubtedly expand 
worldwide. The evolution in this direction has already begun.
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In addition to clinical efficacy, one should also look at the 
risk/benefit ratio of MB plasma as compared to untreated 
plasma in specific clinical settings, taking into consideration 
the extent of donor exposure, the incidence of infections in 
donor population in a country as well as the risk of emerging 
pathogens. Finally, both financial and logistic factors have to 
be considered. 

Achieving zero risk in haemotherapy remains the ultimate 
goal. This target has not been reached yet, but there are some 
promising developments. Pathogen reduction by TMB plasma 
is one additional piece to complete this ambition. Eventually 
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