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Summary
Since the end of the 1990s pathogen inactivation methods were being gradually implemented into 
routine work of blood transfusion establishments in many countries with regard to blood compo-
nents dedicated for clinical use. The developed pathogen inactivation methods were either based 
on chemical compounds eg. the solvent detergent (SD) inactivation method or on photochemical 
and photodynamic reactions eg. inactivation methods with methylene blue, amotosalen hydro-
chloride and riboflavin. Blood components inactivated with any of the above mentioned methods 
still had traces of chemical compounds although removal steps were added (an exception here 
is the method with riboflavin). Attempts were therefore undertaken to develop an inactivation 
method based not on chemical compounds but on specific wavelength irradiation. An example 
of such inactivation method solely based on properties of short-wave UVC-light (UVC) with no 
photosensitizing chemicals is the Theraflex UV-Platelets system dedicated to platelet concentrates 
(PCs). The system uses 254 nm wavelength irradiation which is not absorbed by proteins so 
conventional toxicity tests are not required. The method is effective for clinically significant both 
G (+) and G (-) bacteria as well as viruses and protozoa. Clinical trials demonstrated reduced 
recovery of UVC-irradiated platelets and shorter survival time in the recipient’s organism. 
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Introduction 

Since late 1990s pathogen inactivation of 
blood components dedicated for transfusion was 
implemented into routine work of blood estab-
lishments in many countries. The inactivation 
methods first drew on the experience of pathogen 
inactivation in plasma fractionation processes. 
The solvent/detergent (SD) inactivation method 
in use since 1985 was modified and applied since 
1991 for inactivation of plasma for clinical use. 
At the same time, an inactivation method with 
methylene blue was developed to reduce the 
risk of pathogen transmission through transfused 
plasma [1, 2].

The first decade of the 21st century witnessed 
both the development of new methods of pathogen 
inactivation as well as improvement of the methods 
already in use. Macopharma for instance, modified 
the methylene blue method of plasma inactivation 
and developed a system called Theraflex MB-
Plasma (CE- marked 2000).

Amotosalen hydrochloride was used in the 
Intercept system developed for pathogen inacti-
vation, first in PCs (CE marked 2002) and then 
in plasma (CE marked 2006). The Mirasol®PRT 
system used riboflavin for pathogen inactivation 
in both PCs (CE marked 2007) and plasma (CE 
marked 2008). The above-mentioned systems are 
in routine use for pathogen inactivation in both 
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plasma and PCs. However, work is still in progress 
on the implementation of pathogen inactivation 
methods in whole blood (WB) and red blood cells 
as well as on development of methods that do not 
rely on photosensitizing compounds [3–5].

An example of a method developed for patho-
gen inactivation in PCs which is solely based on 
UVC and does not include the addition of a photo-
sensitive compound is the Theraflex UV- Platelets 
system. Pathogen inactivation methods for plasma 
and PCs differ with regard to irradiation wavelength 
but all these methods require addition of a chemi-
cal compound that has to be removed together 
with the products of reaction. The exception here 
is riboflavin, which does not have to be removed 
as it is present physiologically in the human body 
together with its photoproducts (Table 1).

Despite the introduction of a photoproduct-
-removal step, trace amounts of photoproducts are 
still present in blood components and so the risk 
of adverse transfusion-related reactions exists [6]. 
Therefore attempts were undertaken to develop 
an inactivation method that would not require the 
addition of chemical compounds, but solely rely on 
specific irradiation wavelength [7].

The microbiocidal and virucidal properties of 
UV irradiation have long been known. Moreover 
short-wave UVC-light (wavelength range 200–280 
nm) has already been in use for pathogen inactiva-
tion in serum, plasma as well as in blood products 
such as albumin, intravenous immunoglobulins and 
factor VIII concentrates [8].

Therflex UV-Platelets System

Therflex UV-Platelets System is the effect 
of a joint project between the German Red Cross 

and Macopharma. The technique relies solely on 
UVC irradiation and therefore recipients of PCs 
inactivated in this system are not exposed even 
to trace amounts of a chemical compound. The 
efficacy of UV irradiation in this system depends on 
both the wavelength and exposure time as well as 
on permeability of bags in which PCs are exposed 
to irradiation. 

The process of PCs pathogen inactivation with 
the Theraflex UV-Platelets system is presented in 
Figure 1.

Theraflex UV-Platelets system is CE marked 
since 2009, but is not yet available for routine use [9].

Theraflex UV-Platelets system does not rely 
on photosensitive compounds but solely on irra-
diation (wavelength 254 nm) that is not absorbed 

Table 1. Pathogen inactivation methods in blood components

System Theraflex  
MB Plasma

Intercept Mirasol PRT Theraflex  
UV-Platelets

Blood component Plasma Plasma, PC Plasma, PC PC, plasma?

CE 

(yr)

2000 PC: 2002

plasma: 2006

PC:  2007

plasma: 2008

PC: 2009

Photosensitizer

 

Methylene blue 

 
Amotosalen  
hydrochloride 

 Riboflavin 

 

No photosensitizer

Photoproducts Azure A, B, C; thionine Dimers S–59 Lumichrome, lumiflavin 
and their derivatives

No photoproduct 

Conditions  
of inactivation

Visible light 

180 J/cm2

UVA

3 J/cm2

UV

6,24 J/cm2

UVC

0,2 J/cm2

Additional steps Plasmaflex, Bluflex CAD NA NA 

Figure 1. PC Pathogen inactivation with Theraflex UV 
Platelets system (courtesy of Macopharma)

1 2 3

1. Transfer of leukoreduced PC into a UVC-perme-
able container (material — ethylene vinyl acetate)

2. UVC irradiation (254 nm; 0.2 J/cm2) in a Ma-
cothronic UV illuminator

3. Transfer of leukoreduced PC into storage con-
tainer
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by proteins therefore conventional toxicity tests 
are not required. It should however be kept in 
mind that tolerability and immunogenicity of 
UVC-irradiated PCs need to be evaluated. Pohler 
et al. performed such studies on an animal model. 
Dogs were repeatedly transfused with autologous 
ultraviolet C-inactivated platelets and no signs of 
intolerance or markers of immunological activation 
were reported [10, 11].

Principle of the UVC-light method 

Theraflex UV-Platelets system uses UVC irra-
diation which is directly absorbed by nucleic acids 
of pathogens and leukocytes to form cyclobutane 
pyrimidine (1,3-diazine) and pyrimidine-pyrimidone 
dimmer, chemical compounds that ultimately pre-
vent DNA polymerase from proceeding during 
transcription. Inactivation is effective when UVC 
light penetrates all PC layers. It has been proven 
that optimal UVC absorption is possible only under 
controlled, orbital agitation which is essential to 
ensure that blood products are homogeneously ex-
posed to light. The latest version of Theraflex UV-
-Platelets system uses the dose of 0.2 J/cm2) [12]. 

Efficacy of UVC-light

Evaluation studies on the efficacy of Therflex 
UV-Platelets system confirmed the reduction of 
clinically significant G (+) and G (-) bacteria (log 
reduction > 4.0) [10, 13].

UVC irradiation contributes to virus inactiva-
tion in various degrees. Efficacy has been confir-
med for vesicular stomatitis virus (VSV), Sindbis  
virus and hepatitis C virus (HCV). It is less effective 
for infectious agents such as pseudorabies virus 
(PRV) and West Nile virus (WNV). Although the 
UVC-based method has not been found effective 
against human immunodeficiency virus (HIV), it has 
not been deferred from further research because, 
unlike other photochemical or photodynamic inacti-
vation techniques, the Theraflex UV-Platelets sy-
stem inactivates small, non-enveloped DNA/RNA  
viruses like porcine parvovirus (PPV) (log reduction 
4-5 log) [10, 12].

Pilot studies have demonstrated the UVC-ba-
sed system effectively inactivates intraerythrocytic 
parasite — Babesia divergens (log reduction > 6.0) 
[14]. Table 2 presents degrees of reduction for 
clinically significant bacteria, viruses and protozoa. 

The Theraflex UV-Platelets system is also 
effective for leukocyte inactivation. It has been 
confirmed that even half the routine dose of energy 
(0.1 J/cm2) completely inhibits the proliferative 
capacity of mononuclear cells in mixed lymphocyte 
culture (MLC). It can therefore be assumed that 
UVC irradiation prevents proliferation of T lympho-
cytes responsible for Transfusion Associated Graft 
versus Host Disease (TA-GvHD).

In vitro study results were confirmed in vivo 
on a xenogeneic transplantation mouse model. No 
human lymphocytes were found when mice were 
transfused UVC-irradiated human lymphocytes 

Table 2. Efficacy of UVC-based inactivation method 

Bacteria Degree of  
reduction (log10)

Virus Degree of 
reduction (log10)

Escherichia coli ≥ 4.4 HIV-1 1

Staphylococcus epidermidis ≥ 4.8 Duck hepatitis B virus ≥ 2.8

Staphylococcus aureus ≥ 4.8 HCV ≥ 5.0

Klebsiella pneumoniae > 4.8 H5N1 ≥ 5.1

Pseudomonas aeruginosa > 4.5 PRV 2–3

C.perfringens ≥ 4.7 Sindbis virus  
(model for HCV)

≥ 5.3

Enterobacter cloacae ≥ 4.3 PPV (model for  parvo B19) 5.0

Propionibacterium acnes 4.5 HSV ≥ 2.8

Protozoa Degree of reduction 
(log10)

WNV 3.5–4.0

Trypanosoma cruzi > 6 EMCV 4.0–5.0

Leishmania infantum > 6.0 VSV ≥ 6.3

Babesia divergens > 6 Parvo B19 ≥ 4.0

Plasmodium falciparum ≥ 4.9
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[15–17]. UVC at a dose of 0.1 J/cm2 is sufficient to 
protect antigen presenting cells against stimula-
tion with allogeneic cells, therefore most likely 
the method is also effective against antigen al-
loimmunization. 

It has been found that a 0.1 J/cm2 dose of 
UVC irradiation (half the routine dose) results in 
significant reduction of IL-1b and IL-6 cytokine 
concentration in PCs as well as inhibition of IL-8 
synthesis. IL-8 secreted during storage is a cyto-
kine that significantly reduces the risk of Febrile 
Non Hemolytic Transfusion Reaction (FNHTR). 
However, it should be kept in mind that although 
UVC irradiation reduces or inhibits the synthesis 
of leukocyte-derived cytokines, it can enhance 
secretion of platelet-derived chemokines such as 
CCL5 (RANTES).

Assessment of white cell viability is based on 
assessment of cell integrity, apoptosis markers and 
proliferative capacity. Pohler et al. reported damage 
of leukocyte cell membrane on 3rd storage day of 
PCs exposed to both gamma irradiation and UVC 
irradiation. On 7th storage day, the leukocyte cell 
membrane in UVC-irradiated PCs was completely 
damaged while in the control PCs and gamma-
-irradiated PCs only in 20%. The differences in 
the damage of leukocyte cell membranes were 
dependent on the UVC irradiation dose. This may 
suggest that the safe effect might be observed at 
lower doses [14, 18–20].

Quality of Theraflex UV-irradiated PCs; 
clinical trials 

UVC irradiation not only damages nucleic 
acids of infectious agents and leukocytes, but af-
fects the functional properties of platelets and plas-
ma proteins. UVC irradiation was found to interrupt 
S-S bridges in glycoprotein GPIIb/IIIa, a receptor 
protein of the integrin family involved in platelet 
adhesion and aggregation. Literature reports on 
the quality assessment of UVC-irradiated PCs are 
scarce. Studies on UVC-irradiated PCs performed 
by the German Red Cross report slightly increased 
metabolic activity (higher glucose consumption and 
higher lactate accumulation) and low activation 
(higher CD 62 antigen expression) as compared 
to control PCs. 

In his studies Bashir et al confirmed higher 
metabolic activity but no differences in the degree 
of activation. During 7 days of storage CD 62P an-
tigen expression and the amount of microparticles 
were at the same level. GP IIb/IIIa activation fol-
lowing UVC irradiation is caused by the decrease 

of disulfide bonds that regulate the integrin con-
formation system. The studies confirmed merely 
a moderate increase in free thiol groups due to the 
disruption of sulfide bonds in GP IIb/IIIa as a result 
of UVC irradiation.

The Therflex UV Platelets system is currently 
under clinical evaluation The first phase of clinical 
trials showed that UVC irradiated PCs were well 
tolerated by recipients.

No antibody formation against irradiated PCs 
was observed. Lower platelet recovery and shorter 
survival time in recipient’s body were demonstra-
ted [21, 22].

Summary

Like all other pathogen inactivation methods, 
the UVC technique has its advantages and limi-
tations.

The advantage is undoubtedly the absence of 
photosensitizing compound and so the recipient 
of inactivated PCs is not exposed to even a trace 
of chemical compound. Clinically relevant G (+) 
and G (-) bacteria and small non-enveloped viruses 
are effectively inactivated. Additionally, it minimi-
zes the risk of transmission of protozoa such as 
Trypanosoma cruzi and Leishmania infantum and 
effectively inactivates Babesia divergens. The UVC 
method is effective for leukocyte inactivation inclu-
ding T-cells responsible for TA-GvHD. Therefore, 
when patients at risk of developing TA-GvHD need 
PC transfusions, UVC irradiation is sufficient and 
there is no need for additional irradiation (with ra-
diators). Moreover, pilot studies indicate that UVC 
irradiation not only inhibits cytokine synthesis, but 
also protects recipients against antigen alloimmu-
nization. There are however limitations, such as: 
low efficacy against HIV (only 1 log reduction) and 
increased secretion of platelet chemokines.  
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