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Summary
Background: The transmission of pathogens via blood 
transfusion is still a major threat. Expert conferences es-
tablished the need for a pro-active approach and con-
cluded that the introduction of a pathogen inactivation/re-
duction technology requires a thorough safety profile, a 
comprehensive pre-clinical and clinical development and 
an ongoing hemovigilance program. Material and Meth-

ods: The INTERCEPT Blood System utilizes amotosalen 
and UVA light and enables for the treatment of platelets 
and plasma in the same device. Preclinical studies of path-
ogen inactivation and toxicology and a thorough program 
of clinical studies have been conducted and an active he-
movigilance-program established. Results: INTERCEPT 
shows robust efficacy of inactivation for viruses, bacteria 
(including spirochetes), protozoa and leukocytes as well 
as large safety margins. Furthermore, it integrates well 
into routine blood center operations. The clinical study 
program demonstrates the successful use for very diverse 
patient groups. The hemovigilance program shows safety 
and tolerability in routine use. Approximately 700,000 IN-
TERCEPT-treated products have been transfused world-
wide. The system is in clinical use since class III CE-mark 
registration in 2002. The safety and efficacy has been 
shown in routine use and during an epidemic. Conclusion: 
The INTERCEPT Blood System for platelets and plasma of-
fers enhanced safety for the patient and protection against 
transfusion-transmitted infections. 
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Zusammenfassung
Hintergrund: Die Übertragung von Pathogenen durch 
Blutkomponenten stellt eine erhebliche Gefahr dar. Fach-
konferenzen haben eine proaktive Vorgehensweise zum 
Schutz gegen transfusionsbedingte Erkrankungen gefor-
dert. Für die Einführung einer Pathogeninaktivierungs/ 
Reduktionstechnologie bedarf es eines ausreichenden 
Sicher heitsprofils sowie einer umfangreichen präklini-
schen und klinischen Entwicklung und eines fortwähren-
den Hämovigilanzprogramms. Material und Methoden: 
Das INTERCEPT Blood System basiert auf dem Einsatz 
von Amotosalen und UVA-Licht und ermöglicht in demsel-
ben Gerät die Behandlung von Plasma und Thrombozy-
tenkonzentraten. Präklinische Studien zur Pathogeninakti-
vierung und Toxikologie und ein umfangreiches klinisches 
Studienprogramm wurden durchgeführt und ein aktives 
Hämovigilanzprogramm etabliert. Ergebnisse: INTERCEPT 
zeigt ein Höchstmass an Inaktivierung für Viren, Bakterien 
(inklusive Spirochäten), Protozoen und Leukozyten und 
ein großes Sicherheitsprofil und ist leicht zu implementie-
ren. Das klinische Studienprogramm demonstriert den er-
folgreichen Einsatz bei verschiedensten Patientengrup-
pen. Das Hämovigilanzprogramm zeigt die Sicherheit und 
Verträglichkeit im Routineeinsatz. Weltweit wurden bis 
heute zirka 700 000 INTERCEPT-behandelte Produkte 
transfundiert. Das System wurde von den wichtigsten 
euro päischen Behörden zugelassen und ist seit 2002 im 
klinischen Einsatz. Die Sicherheit und Wirksamkeit wurde 
in Zeiten der Epidemie sowie im Routineeinsatz gezeigt. 
Schlussfolgerung: Das INTERCEPT Blood System für 
Thrombozyten und Plasma bietet erhöhte Sicherheit für 
den Patienten und im Besonderen Schutz vor transfusi-
onsbedingter Übertragung von Krankheiten durch ver-
schiedenste Pathogene. 
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the pyrimidine bases and occurs with very high frequency (fig. 
1). Therefore, low concentrations of nucleic acids (e.g. from 
pathogens at very low titers) will specifically react even in the 
presence of large amounts of other biological materials. 

Theoretically, the formation of one cross-link between the 
strands of nucleic acids is sufficient to prevent replication of 
the genome. The frequency with which the interaction be-
tween amotosalen molecules and the pyrimdines occurs, i.e. 
covalent bonds are formed, has been determined for different 
nucleic acids and organisms. On average cross-links are 
formed every 83 base pairs. The reaction with nucleic acids 
does not depend on generation of active oxygen species, 
which are known to cause damage to the cell, and is effective 
even in the absence of oxygen. This high frequency of interac-
tion makes replication but also transcription of genes impos-
sible and inhibits DNA repair mechanisms. 

Amotosalen has no sequence specificity and thus is effi-
cient for the inactivation of a broad spectrum of pathogens. In 
addition the amotosalen-nucleic acid cross-linking occurs in 
the presence of UVA light, but not in its absence. This feature 
represents another unique safety measure as the reaction can 
be tightly controlled ex vivo simply by turning the light source 
on or off. 

Process for the INTERCEPT Blood System 

The INTERCEPT technology for pathogen inactivation for 
platelets or plasma components is based on two major steps: 
after the mixing of the blood component with the amotosalen 
(150 μmol/l, final concentration) the suspension is illuminated 
with UVA light (3 J/cm2); thereafter, residual amotosalen and 
free photoproducts are adsorbed in a compound adsorption 
device (CAD) [9–11]. The illumination device has been spe-
cifically designed to allow only UVA light to illuminate the 
blood components as it is reported that light of shorter wave-
length like UVB or UVC has a detrimental effect on the 
platelets and proteins through the generation of active oxygen 
species [12, 13]. Therefore, exposure to UVB and UVC light 
is completely prevented in the INTERCEPT process. The en-
tire procedure is performed in a closed integrated disposable 
set. Figure 2 shows the INTERCEPT illumination device 
INT100 and integrated disposable sets for platelets or plasma. 

The platelet or plasma product is attached via one sterile 
connection to the disposable set and passed through the pouch 
containing the amotosalen into the illumination container. 
The set is placed into the Illuminator where the UVA light il-
lumination is performed for 4–6 min. Two products can be il-
luminated in parallel. After illumination the suspension is 
transferred into the container with the CAD and, depending 
on product and the workflow in the blood bank, the adsorp-
tion is performed for 10–20 min (plasma) by flow-through or 
4–16 h (pending work flow) on an orbital shaker (platelets). 
Subsequently the platelets or plasma are transferred into the 

Introduction

The transmission of pathogens via blood transfusion is still a 
major threat. Expert conferences established the need for a 
pro-active approach and concluded that the introduction of a 
pathogen inactivation/reduction technology requires a thor-
ough safety profile, a comprehensive pre-clinical and clinical 
development and an ongoing hemovigilance program [1, 2].

Chemical Structure and Characteristics of  
Amotosalen

The INTERCEPT Blood System for pathogen inactivation 
utilizes amotosalen, a synthetic psoralen (formerly S-59-HCl) 
as active compound and UVA light. 

Psoralens like 8-methoxypsoralen (8-MOP) or trimethyl-
psoralen (TMP) are naturally occurring photoactive substances 
found in a number of plants such as limes, celery or parsnips 
[3]. These plants have been recognized for hundreds of years 
for their beneficial effect on certain skin lesions including 
 vitiligo [4]. To date 8-MOP is approved for the ex-vivo treat-
ment of cutaneous T-cell lymphoma [5], the psoralen UVA 
(PUVA) therapy for the treatment of psoriasis [6] or in other 
extracorporeal photopheresis treatments to treat graft rejec-
tion syndromes [7]. The average dietary uptake of the natu-
rally occurring psoralens is in the range of 1–2 mg/day. 

Amotosalen was developed as the result of extensive stud-
ies in which many different psoralens were analyzed for the 
potential to specifically target nucleic acids and for compati-
bility with the biological functions of platelet and plasma com-
ponents. These criteria were met by amotosalen which dem-
onstrated excellent activity against a broad range of patho-
gens (viruses, bacteria including spirochetes and protozoa) as 
well as leukocytes due to very high specificity for nucleic 
acids. Because it has minimal interaction with proteins or 
other cellular components, the functional properties of the 
blood components are preserved [8]. 

Amotosalen, like all psoralens, is a tricyclic molecule con-
sisting of a furan and a pyrone moiety. The introduction of an 
amine side chain renders amotosalen highly water soluble and 
less lipophilic than 8-MOP [8]. It can thus quickly pass cellular 
membranes, bacterial walls or viral envelopes and readily in-
teract with nucleic acids without interacting with proteins or 
cellular lipids. The chemical structure of amotosalen is not 
changed upon cell entry and it is therefore also exceptionally 
well suited for the inactivation of intracellular pathogens, dif-
ferent from other photoactive compounds currently in use. It 
readily intercalates into double-helical structures of DNA or 
RNA where covalent bonds between its reactive groups and 
pyrimidine bases are formed upon UVA illumination. Even 
intrastrand reactions are possible. Thus single-stranded nu-
cleic acids also serve as targets. The chemical interaction is 
very well described, highly specific between amotosalen and 
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any of the commonly used platforms are well suited for the 
process as well. Double-dose apheresis collections or pooled 
buffy coats can be treated with a single process and split into 
two platelet units for transfusion.

The technology allows for inactivation of platelets in 100% 
plasma or in different platelet-additive solutions (PAS) such 
as InterSol™ or SSP+. Both PAS are CE mark-registered for 
use with the INTERCEPT System. For the approach with ad-
ditive solutions, 53–68% of the plasma is removed and re-
placed by the additive solution. Centers changing their pro-
duction from 100% plasma to additive solution can benefit 
from the gain of concurrent plasma for fractionation or other 
purposes. 

The functional integrity of the INTERCEPT-treated 
platelets has been proven in a series of in vitro assays meas-
uring parameters, e.g. glucose consumption, lactate genera-
tion, extent of shape change, hypotonic shock response, ex-
pression of activation markers like CD62 or pH values. The 
hemostatic function of INTERCEPT-treated platelets (adhe-
sion and aggregation capacity) was evaluated under flow con-
ditions in an ex vivo perfusion model over the course of stor-
age for up to 7 days. Lozano et al. [14] found the hemostatic 
function to be similar to conventional platelets for up to 7 

storage bags for either storage at room temperature for up to  
7 days (platelets) or freezing (plasma). Hands-on time for  
the preparation of pathogen-inactivated products with the 
 INTERCEPT Blood System is less than 10 min. Especially 
when using the dual-storage set for platelets, throughput of 
one illumination device is at about 40 units/h. This makes the 
technology very well suited also for large transfusion centers. 

The INTERCEPT Blood System offers the highest degree 
of synergy as a single platform is used for pathogen inactiva-
tion of both platelets and plasma. The same illumination de-
vice, the same active compound (amotosalen) and very similar 
production steps are applied. This brings many advantages: 
installation and maintenance of the device, the training of 
personnel and the preparation of SOPs are all simplified. In 
addition having a single device of course saves laboratory 
space and is cost-saving. 

The INTERCEPT Blood System is designed to be broadly 
compatible with different platelet and plasma collection plat-
forms. The INTERCEPT platelet process can be performed 
with pooled whole blood-derived platelets from 4–7 buffy 
coats. The 7 buffy coat approach is of special interest in terms 
of economics because double-dose products are produced 
from a single treatment. Apheresis platelets collected with 

Fig. 1. a The chemical structure of amoto-
salen. b The mechanism of action. The 
 INTERCEPT Blood System for platelets and 
plasma uses a combination of amotosalen 
(structure as shown) and long wavelength ultra-
violet A (UVA) light. The amotosalen com-
pound penetrates cellular and nuclear mem-
branes and intercalates into the helical regions 
of DNA and RNA. Covalent crosslinks to the 
nucleic acid base pairs form upon exposure to 
UVA light (reactive groups highlighted in yel-
low), blocking DNA and RNA replication.
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after INTERCEPT treatment. The values determined that 
factor VIII and fibrinogen showed the largest decline, but for 
those two as well as for all other factors the values were well 
in the range for therapeutic plasma units [20–22].

INTERCEPT-treated plasma has been tested in several 
clinical trials involving different patient groups. It has been 
demonstrated to be highly efficient in patients with congeni-
tal [23] or acquired coagulopathies [24] as well as for the 
treatment of patients requiring therapeutic plasma exchange 
[25]. Moreover, for INTERCEPT plasma products an active 
hemovigilance program has been established, showing high 
levels of safety and tolerability and a very low frequency of 
acute transfusion reactions compared to conventional 
plasma [26].

The technology is compatible with pathogen inactivation of 
fresh frozen plasma or previously frozen plasma [27]. 

Altogether there are 4 different disposable sets available 
for the treatment of platelets and plasma components ena-
bling for pathogen inactivation of a broad range of compo-
nent volumes (tables 1, 2).

days of storage. A total of 11 clinical trials enrolling more 
than 1,000 patients have been conducted and demonstrated 
efficacy and safety for clinical use [15–18]. INTERCEPT-
treated platelets are being used in routine for the support of 
thrombocytopenic patients whether as prophylaxis or in the 
course of acute bleeding. A number of EU centers have been 
producing INTERCEPT platelets in routine production for 
several years and provide them for the treatment of many 
different patient groups. A retrospective analysis of 13,000 
platelet transfusions in one center providing exclusively 
 INTERCEPT platelets showed no increase in platelet utiliza-
tion or red blood cell concentrate utilization consistent with 
retention of the clinical efficiency compared to conventional 
platelet components [19].

The INTERCEPT plasma process is compatible with ei-
ther apheresis or whole blood-derived plasma. For whole 
blood plasma, 2 or 3 units are mixed before processing and 
used in a single treatment resulting in up to three therapeutic 
units of plasma each containing 200 ml. Several studies ana-
lyzed the retention of the coagulation factors and inhibitors 

Fig. 2. The INTERCEPT Blood Systems. The INTERCEPT Blood System for platelets consists of a UVA illuminator and an integrated disposable 
set, which comes in three formats (SV set, LV set, and DS set) as described in Table 1. The upper panel shows the DS set. The INTERCEPT Blood 
System for plasma consists of the same UVA illuminator and an integrated disposable set, each comes with 3 storage containers (lower panel).
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tion are prone to the development of cancer at an early age. 
Therefore, exposure to potential carcinogens provides a sensi-
tive model to assess carcinogenicity. In the studies performed 
the mice were challenged for 39 weeks, 3 times a week, with 
amounts of amotosalen 1,000-fold the human clinical expo-
sure. No cancer was observed in any of the animals [29]. Also 
the pharmacological safety (CNS, cardiovascular and renal 
system) and furthermore phototoxicity and vein irritation 
were assessed at large multiples of the anticipated clinical ex-
posures. The studies were done using different animals in-
cluding rodents, dogs and primates. In addition ADME (ab-
sorption, distribution, metabolism and excretion) studies ana-
lyzing the metabolism of amotosalen as well as occupational 
safety studies were conducted to evaluate the safety of per-
sonnel working on the production of the blood components 
(table 3). 

In these studies amotosalen has been used in concentra-
tions representing very high multiples of the actual clinical ex-
posure. No specific target organ toxicity, reproductive toxicity 
or carcinogenicity was observed [30]. Effects on the CNS or 
electrocardiogram were only detectable at 30,000-fold the ex-
pected clinical exposure. Taken together even these extensive 
analyses revealed no toxicological relevant effects.

Any method applying a photoreactive compound, inde-
pendent of the compound being ‘natural’ or synthetic, and 
UV light will lead to the generation of photoproducts. In this 
regard especially the high-energy, short-wavelength UVB and 
UVC light have disadvantages as for example due to the gen-

Results from Extensive Toxicology Program 
 Demonstrate High Safety Margins

For any technology with a mechanism of action involving 
 direct interaction with DNA or RNA, whether involving 
photoactive compounds or high-energy light, it is critical to 
establish the safety profile. 

Amotosalen has been developed according to the stand-
ards of the International Conference of Harmonization for 
drug development [28]. In addition to the recommended stud-
ies, further studies were conducted which were pertinent to 
testing the safety of amotosalen dosed intravenously. Studies 
were designed according to the assessment of the circum-
stances of clinical use and from the patients’ perspective. 
Therefore, a broad range of pharmacokinetic and toxicologi-
cal analyses was performed. A large series of studies has been 
performed for amotosalen alone as well as for platelet or 
plasma components treated with the INTERCEPT Blood 
System with and without the use of the CAD. These included 
animal studies on acute and chronic toxicology but also stud-
ies to assess long-term toxicology like genotoxicity, reproduc-
tive toxicology, neonatal and juvenile animal development 
and carcinogenicity. Importantly, the studies on reproductive 
toxicity have great impact on the assessment of long-term 
safety of the product. They were of highest importance for the 
decision to use INTERCEPT-treated components for the sup-
port of pregnant women and women with child-bearing po-
tential. Interestingly, the studies on genotoxicity revealed that 
the safety profile of amotosalen is much higher than that of 
the earlier mentioned 8-MOP, which is routinely used for 
PUVA therapy [29]. Carcinogenicity was analyzed applying 
the p53 heterogeneous knock-out model. The p53 gene en-
codes a tumor suppressor, and mice with the respective muta-

Parameters Small volume (SV) set Large volume (LV) set Dual storage (DS) set

PAS no PAS

Volume, ml 255–325 300–420 255–390 300–420
Platelet yields (× 1011) 2.5–6.0 2.5–7.0 2.5–7.0 2.5–7.0
Ratio plasma 32–47% 32–47% 100% 32–47%
RBC contamination/ml <4 × 106 <4 × 106 <4 × 106 <4 × 106

CAD, h 4–16 6–16 16–24 6–16
Storage containers 1 1 1 2
Storage, days 7 7 5 7

Table 1. INTER-
CEPT Blood System 
processing sets for 
platelets

Parameters Plasma set

Volume, ml 385–650
RBC contamination/ml <4 × 106

CAD (flow through) ~10 min
Storage containers 3
Storage (frozen) 2 years

Table 2. INTER-
CEPT Blood System 
processing sets for 
plasma

Studies Platelets Plasma

Acute toxicology X X
Repeated dose – 1 month X X
Repeat dose – 3 months X X
General pharmacology X X
Reproductive toxicology X X
Genotoxicity X X
Carcinogenicity X X
Phototoxicity X X
Neonatal toxicity X X
ADME X X
Occupational safety X X

Table 3. Extensive 
toxicology studies to 
evaluate the safety of 
INTERCEPT Blood 
Systems for platelets 
and plasma
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plasma components treated with the INTERCEPT process 
showed any evidence for toxicologically relevant effects even 
at levels well above the exposure a patient would receive in 
clinical applications (approximately 1μg/kg). The INTER-
CEPT Blood System provides a strongly increased safety 
against transfusion-transmitted diseases without any evidence 
for a safety risk for the patient.

The toxicological studies for INTERCEPT have been 
 reviewed by North American (Food and Drug Administra-
tion) as well as European authorities (TÜV, Paul Ehrlich 
Institute (Germany); Swiss Medics (Switzerland); Afssaps 
(France)), and no deficiencies in the toxicology program 
were identified.

Studies Show Lack of Neo-Antigen Formation due to 
INTERCEPT Treatment

For the patients’ safety and for the survival of the transfused 
blood components in the recipient, it is important to analyze 
the possibility of neo-antigen formation. Immune responses 
could be generated as a result of interactions between the 

eration of active oxygen species. As mentioned earlier the 
 INTERCEPT technology per se offers a series of safety meas-
ures. The most important being the highly specific and con-
trolled mechanism of action during the ex vivo treatment 
process, i.e. the nature of the active compound and the use of 
long-wavelength UVA light (320–400 nm). Furthermore, the 
chemistry of the amotosalen-nucleic acid interaction is very 
well understood and only occurs upon illumination with UVA 
light. As soon as the light source is turned off the reaction is 
stopped. As additional safety measure, the use of the CAD 
has been shown to reduce the amount of residual amotosalen 
from 150 μmol/l to approximately 0.5 μmol/l (fig. 3). This is a 
very selective process as other molecules like proteins do not 
adsorb to the CAD matrix. This removal of amotosalen and 
its free photoproducts adds additional control to the process. 
Animal studies and also phase I and phase II clinical trials 
performed with healthy volunteers have shown that even 
without the CAD no toxicity was observed. 

A very thorough analysis has been performed to analyze 
potential safety risks associated with the INTERCEPT tech-
nology. In summary neither the toxicological and pharmacok-
inetic studies performed for amotosalen nor platelet or 

Fig. 3. Amotosalen photodegradation after 
UVA illumination. HPLC traces of a platelet 
component containing 150 μmol/l amotosalen 
before illumination with UVA (Pre-UVA), fol-
lowing exposure to a 3 J/cm2 UVA treatment 
(Post-UVA), and following minimal incuba-
tion with the CAD (Post-CAD). The ordinate 
is optical density at 300 nm (as measured by the 
HPLC detector) and the abscissa is time in min-
utes. Equal volumes (20 μl) were injected onto 
the HPLC column for each of the traces. The 
amotosalen photoproducts are labeled A-G 
with residual amotosalen indicated by peak F. 
The peaks in labeled ‘PP’ are plasma peaks that 
are present on HPLC chromatograms of con-
trols without amotosalen. TMP (4.5’,8-trimeth-
ylpsoralen) serves as an internal standard for 
the HPLC assay.
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ical trials they were enrolled in. Additionally, the active 
 INTERCEPT hemovigilance program [37–39] currently per-
formed accumulated data on the safety of about 50,000 trans-
fusions, and in total about 700,000 transfusions of INTER-
CEPT-treated products have been performed. Altogether, 
from all the clinical experience there is no evidence for im-
mune response to potential neo-antigen formation in patients 
repeatedly exposed to INTERCEPT platelets and plasma. 
Based on these results, one can postulate that exposure to 
INTERCEPT blood components has a low probability of 
 immune responses to potential neo-antigens. 

Since, as discussed earlier, any technology applying photo-
reactive substances and light as energy source leads to photo-
product formation, the best safeguard against any unwanted 
side reaction is the integration of an adsorption device or fil-
ter to remove the reaction products prior to transfusion to the 
patient.

An impressive panel of clinical studies enrolling more than 
1,000 patients has been performed with INTERCEPT-treated 
platelet and plasma components including very diverse pa-
tient groups and analyzing different endpoints. In the clinical 
trials with INTERCEPT-treated platelets count increment 
(CI) and corrected count increment (CCI) values, the inci-
dence of acute transfusion reactions and proportion of pa-
tients with grade 2 bleeding were assessed as primary end-
points. The assessment of the very complex endpoint bleeding 
is very demanding and should be performed according to 
WHO criteria; it requires a study of appropriate size to guar-
antee statistical power. The SPRINT study which analyzed 
grade 2 bleeding as primary and grade 3 and 4 bleeding as one 
of the secondary endpoints was a randomized, controlled, 
double-blinded noninferiority study designed with sufficient 
size (n = 645) and power to evaluate clinical hemostasis in re-
sponse to transfusion of INTERCEPT and conventional 
platelets. The SPRINT trial demonstrated noninferiority of 
INTERCEPT-treated platelets for WHO grade 2 and grade 3 
and 4 bleeding.

In a study with 10 patients diagnosed with acute myelo-
genous leukemia (n = 8) and acute lymphoblastic leukemia  
(n = 2) and 40 study transfusions (28 conventional gamma- 
irradiated and 12 pathogen-inactivated using the INTER-
CEPT Blood System), Apelseth et al. [40] reported that plate-
let dose and quality of platelets are important for optimal im-
mediate transfusion response, whereas duration of transfusion 
effect is influenced mainly by patient variables. Although they 
reported lower 1-hour and 24-hour CI and CCI as a result of 
INTERCEPT treatment, no correlation was observed be-
tween platelet CI and change in clinical bleeding status after 
transfusion. 

A recent publication by Kerckhoffs et al [41] reported the 
outcome of a multicenter, unblinded, randomized, noninferi-
ority trial (HOVON 82) comparing the clinical effectiveness 
of buffy coat-derived leukoreduced platelet components 
stored for up to 7 days in plasma with platelets stored in Inter-

photoreactive compound or its photoproducts and lipids or 
proteins in the platelet or plasma preparation or the recipient. 
The major cause of drug-induced immune thrombocytopenia 
is the result of antigen formation from the drug or its metabo-
lites with platelet surface glycoproteins [31]. Very recently 
plasma proteomic analyses have demonstrated a lack of inter-
action of amotosalen with the major platelet surface glycopro-
teins [32].

One of the hallmarks of the INTERCEPT technology is 
the high degree of specificity of amotosalen for DNA and 
RNA and its selective binding to the pyrimidine bases. The 
vast majority of literature on psoralens describes the selectiv-
ity of this class of molecules [33, 34]. 

In order to evaluate a potential neo-antigen formation as 
result of the INTERCEPT process, studies were performed 
analyzing the amount of amotosalen and its photoproducts at 
each step of the procedure. In these analyses the importance 
of the compound adsorption device for the removal of resid-
ual amotosalen and photoproducts was shown. In the analyses 
no neo-antigens were detected after the photochemical treat-
ment of platelets or plasma [35].

A sensitive immune assay to detect antibodies to treated 
platelets and plasma was developed for surveillance in clini-
cal studies. Patient serum samples from INTERCEPT phase 
III clinical trials (4 trials with INTERCEPT platelets and 3 
trials with INTERCEPT plasma) were analyzed for the pres-
ence of antibodies to potential amotosalen neo-antigens. 
These large double-blinded, randomized and controlled trials 
enrolled hematooncological patients with the need for multi-
ple platelet transfusions. The design was such that patients 
with continuing or recurrent thrombocytopenia (only a sub-
group of the enrolled patients) were eligible for a secondary 
period with platelet transfusions. This allowed evaluation of 
immune responses to multiple transfusions of INTERCEPT 
platelets over a period of time. The time between the two 
treatment cycles would be optimal for antibody formation to 
occur [15, 16].

Furthermore, in the SPRINT trial the incidence of lym-
phocytotoxic antibodies was low and statistically less for the 
INTERCEPT group as compared to the conventional group. 
Platelet-specific antibodies were found in 11% of the refrac-
tory patients receiving INTERCEPT platelets and in 14% of 
the patients receiving conventional platelets [15, 16]. 

In summary, the patient samples taken from the clinical 
trials showed that none of the patients exhibited clinical or 
laboratory manifestations of neo-antigenicity. Beyond this, 
no other alteration of platelet membrane proteins was identi-
fied based on testing for lymphocytotoxic antibodies and 
platelet-specific alloantibodies. In addition, an independent 
expert analysis of the SPRINT trial patient data, revealed no 
evidence for increased incidence of lung-injury (ALI) after 
transfusion of INTERCEPT treated platelets when com-
pared to conventional platelets [36]. More than 1,000 patients 
received INTERCEPT-treated products in the course of clin-
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donors and climate changes allowing the vector of a given 
pathogen to survive in countries in which the conditions have 
changed favorably.

As described above, the mechanism of action of the IN-
TERCEPT technology, especially the fact that the interac-
tion between amotosalen and DNA or RNA molecules is 
not sequence-specific, theoretically allows for the inactiva-
tion of nearly any even yet unknown pathogen. 

The spectrum includes enveloped viruses like HIV-1 and 
HIV-2 where inactivation capacity has been demonstrated for 
intracellular as well as cell-free viruses and in addition HIV 
virus isolates from patients suffering with HIV infection. Other 
cell-associated viruses like HTLV and CMV can be inactivated 
at very high degree. The inactivation results of the latter are 
sufficient to support that centers performing INTERCEPT 
treatment for platelets could replace CMV serology according 
to their respective national regulatory authorities. This of 
course has a major impact on inventory management and cost 
savings due to decreased expiry rates of platelet components 
for centers that manage dual inventories and rely on CMV se-
rology to maintain CMV-negative donors [39, 40]. This saving 
may not be as significant in centers that issue leukoreduced 
blood components for CMV-negative indications. 

The inactivation of intracellular viruses is becoming a more 
and more important feature of the technology. XMRV/MLV 
was recently detected in tissues from patients suffering with 
prostate carcinoma and in blood of patients with chronic fa-
tigue syndrome. Apparently, XMRV/MLV, among other cell 
types, seems to use also lymphocytes for its replication. Very 
recently the inactivation of XMRV/MLV with the INTER-
CEPT Blood System was demonstrated for both platelet and 
erythrocyte components [44]. 

Also hepatitis viruses including HBV and HCV can be in-
activated very effectively as can HTLV-1 and HTLV-2. The 
broad spectrum of enveloped viruses for which very efficient 
inactivation has been demonstrated also includes duck hepati-
tis B virus, bovine viral diarrhea virus, pseudorabiesvirus, vac-
cinia virus and the influenza strains H1N1 and H5N1. Most  
of these studies were performed as infectivity studies in cell 
 cultures and animal models [45].

The efficiency with which non-enveloped viruses can be in-
activated varies strongly between different viruses. While ad-
enovirus 5 and bluetongue virus are very susceptible to the 
treatment and for parvovirus B19 an intermediate level of in-
activation could be demonstrated (table 4), HAV is not and 
calicivirus is only to a low degree susceptible to inactivation. 

Of great interest is the capacity of the INTERCEPT tech-
nology to inactivate emerging and re-emerging pathogens. 
Highly effective inactivation has been demonstrated for ex-
ample for a large panel of (re)-emerging viruses. These in-
clude the coronavirus causing SARS, West Nile virus, the 
earlier mentioned influenza strains H1N1 and H5N1 as well 
as chickungunya virus and dengue virus. The versatility and 
efficiency of the INTERCEPT Blood System was demon-

Sol with and without INTERCEPT treatment, in 99, 85 or 94 
patients. The study is powered for platelet CI and CCI, and 
the results were somewhat comparable with previously re-
ported findings in that transfusing INTERCEPT-treated 
platelets resulted in lower CI and CCI response in patients 
[16]. It is important to mention though that in the HOVON 82 
study the INTERCEPT-treated platelets were in addition 
gamma-irradiated to a high percentage. Such treatment is not 
required for INTERCEPT platelets but causes unneeded 
damage to the platelets [42] and thus can be causative to the 
lower CI and CCI values. Interesting are also the results from 
the TESSI study in which the efficacy of INTERCEPT-
treated platelets stored for 6 or 7 days was analyzed. This mul-
ticenter randomized, controlled, double-blinded study met its 
primary endpoint which was the 1-hour CCI value, thus dem-
onstrating noninferiority of INTERCEPT platelets when 
compared to conventional platelets [18]. 

Despite the HOVON 82 study being underpowered for 
bleeding assessment, the authors also reported the observa-
tion of more bleeding events in the INTERCEPT arm and 
therefore concluded that INTERCEPT-treated platelets were 
inferior to untreated platelets stored in plasma. This conclu-
sion illustrates the challenges in the conduct of platelet trans-
fusion clinical trials. For example, the imbalance in patient 
randomization and the high rate of off-protocol transfusions 
in HOVON 82 makes a definitive conclusion questionable. In 
addition, the recent platelet dose study (PLADO) in 1,200 pa-
tients, powered for bleeding assessment with 400 patients in 
each study arm, clearly showed that low doses of platelet 
transfusions are not associated with more bleeding [43]. 
Taken together, powered assessment of hemostasis requires 
studies significantly larger in size than the HOVON 82 study, 
with defined per protocol methods and conducted by observ-
ers blinded to treatment to insure adequate classification of 
bleeding. Differences in the methods to assess bleeding, lack 
of blinding, high degree of off-protocol transfusions and inad-
equate study size of the HOVON 82 study likely contributed 
to the discrepant reporting of bleeding as compared to the 
PLADO and SPRINT studies or the experience from the 
 hemovigilance program and the routine use of INTERCEPT 
platelets.

Broad Spectrum of Pathogen Inactivation by 
 INTERCEPT

A pathogen inactivation or pathogen reduction technology 
should be versatile and should be tested against as broad a 
panel of pathogens as possible. To date the major threat for 
transfusion-transmitted diseases are bacteria which can grow 
in platelet products due to storage at room temperature. In 
addition emerging or re-emerging pathogens are of great con-
cern for transfusion of both platelet and plasma components. 
This is mostly a result of worldwide travels, immigration of 
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(table 5). The pathogen-inactivated platelet concentrates were 
retained for up to 5 days, and growth of bacteria upon cultiva-
tion was analyzed. Even after this holding period no bacterial 
growth could be detected in the INTERCEPT-treated prod-
ucts [11]. Bacterial spores, like those from Bacillus cereus, are 
quite resistant to pathogen inactivation. The vegetative form 
of B. cereus instead was susceptible to INTERCEPT treat-
ment. It is important to mention that bacteria like B. cereus 
normally exist in their vegetative form while in blood. They 
only form spores as a mechanism to survive when the condi-
tions are not favorable. In this regard spores might not be a 
real important threat for transfusion of blood components. A 
recent study compared the capacity of bacterial detection 
methods with the INTERCEPT technology for reducing the 
risk associated with transfusion of platelet components con-
taminated with low levels of bacteria. The authors concluded 
that the bacterial detection method could lead to contami-
nated products being released for transfusion based on test-
negative results while inactivation could reduce the risk [46].

In recent years the number of reports concerning infections 
with emerging protozoa is increasing. Of biggest concern are 
Plasmodium falciparum (malaria), Trypanosoma cruzi (cha-
gas disease), Leishmania and Babesia microti. The ability to 

strated when in 2006 a chickungunya epidemic occurred in 
the French overseas department of Ile de La Reunion. When 
about one third of the population was infected by the virus, 
local blood was suspended. Due to the fact that the INTER-
CEPT technology was approved by the French regulatory 
body Afssaps, the INTERCEPT technology for platelets was 
rapidly implemented. After implementation of the INTER-
CEPT Blood System no cases of chickungunya transmission 
via blood components have been reported [46]. Similar expe-
rience occurred in Guadeloupe and La Martinique where a 
more recent dengue outbreak caused severe problems. Also 
here the INTERCEPT technology helped to provide safe 
platelet components. 

Besides (re)-emerging pathogens, bacteria are a major 
threat to blood safety especially for platelet components. 
Therefore, any technology for pathogen inactivation has to 
achieve the highest level of inactivation. To test the capacity of 
the INTERCEPT technology to inactivate bacteria, studies 
with a broad spectrum of aerobic and anaerobic Gram-positive 
and Gram-negative bacteria as well as spirochetes has been 
performed [9]. The assays have shown that both slow-growing 
and fast-growing bacteria as well as samples containing low tit-
ers or high titers of bacteria can be effectively inactivated 

Viruses Extent of inactivation*  
(log10 reduction)

Enveloped viruses
HIV-1 (cell-associated)*** >6.1
HIV-1 (cell-free) >6.2
Clinical isolate of HIV-1 >3.4
Clinical isolate of HIV-2 >2.5
Latent proviral HIV-1 inactivated to the limit of detection
HBV (strain MS-2) >5.5
HCV (strain Hutchison) >4.5
HTLV-I (human T-cell lymphotropic virus)***   4.7**
HTLV-II (human T-cell lymphotropic virus)***   5.1**
Cell-associated cytomegalovirus (CMV)*** >5.9
Bovine viral diarrhea virus (BVDV, model virus for  

human HCV)
>6.0

Duck hepatitis B virus (DHBV, model virus for  
human HBV)

>6.2

West Nile virus >6.0
SARS-CoV (human corona virus) >5.8
Chikungunya virus >6.4
Influenza A H5N1 virus (avian influenza) >5.9

Non-enveloped viruses
Bluetongue virus, type 11 >5.0
Calicivirus   1.7–2.4
Human adenovirus-5 >5.9
Parvo (parvovirus B19)   3.5 to >5.0

*‘>’ refers to inactivation below the limit of detection of the assay. In some cases assays have a 
very small dynamic range due to limits on attainable virus titers.
**Inherent low-level background in non-infected indicator cells precludes ‘>’ of HTLV.
***Intracellular.

Table 4. The extent of inactivation (log10 

 reduction) of viruses in platelet components by 
the INTERCEPT Blood System (official label 
claims)
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inactivate also these protozoa with the INTERCEPT technol-
ogy has been demonstrated recently (table 6) [48, 49].

Besides the infectious pathogens, residual leukocytes can 
cause severe harm to recipients of blood components. Leuko-
cytes can cause transfusion-associated graft-versus-host dis-
ease (TA-GVHD), especially in immunosuppressed patients. 
Currently, blood components for patients at risk for TA-
GVHD are gamma-irradiated to prevent this highly morbid 
complication.

Furthermore, leukocytes can cause febrile nonhemolytic 
transfusion reactions as a result of the cytokine/chemokine 
production [50, 51], and they represent the reservoir for intra-
cellular pathogens like for example HIV, EBV, CMV or the 
newly described XMRV/MLV but also for Leishmania. Al-
though widely implemented, leukofiltration does not remove 
all of the residual leukocytes in a blood component. A series 
of experiments has been performed to analyze the inactiva-
tion of leukocytes with the INTERCEPT technology (table 7) 
[52–54]. In vitro and in vivo studies in the mouse as well as 
with human T cells showed an inactivation capacity exceeding 
that of gamma-irradiation [55]. The robustness of the leuko-
cyte inactivation with INTERCEPT has been demonstrated 
in limiting dilution assays of clonal T-cell proliferation in com-
parison with gamma-irradiation at 2,500 cGy. While in terms 
of the degree of inactivation both technologies were compara-
ble, small deviations in the dose of gamma-irradiation could 
cause the inactivation to fail, whereas INTERCEPT treat-
ment was more robust in this regard and thus exhibits the 
higher safety margin [56].

Table 5. The extent of inactivation (log10 reduction) of bacteria in plate-
let components by the INTERCEPT Blood System (official label claims)

Bacterial species Extent of inactivation*  
(log10 reduction)

Gram-negative bacteria
Escherichia coli >6.4 

Serratia marcescens >6.7

Klebsiella pneumoniae >5.6

Pseudomonas aeruginosa   4.5

Salmonella choleraesuis >6.2

Yersinia enterocolitica >5.9

Enterobacter cloacae   5.9

Gram-positive bacteria

Staphylococcus epidermidis >6.6

Staphylococcus aureus   6.6

Streptococcus pyogenes >6.8

Listeria monocytogenes >6.3

Corynebacterium minutissimum >6.3

Bacillus cereus (includes spores)   3.6

Bacillus cereus (vegetative) >6.0

Bifidobacterium adolescentis >6.5

Propionibacterium acnes >6.7

Lactobacillus species >6.9

Clostridium perfringens (vegetative form) >7.0

Spirochete bacteria 

Treponema pallidum (syphilis) ≥6.8 to ≤7.0

Borrelia burgdorferi (Lyme disease) >6.8

*‘>’ refers to inactivation below the limit of detection of the assay.

Parasites Extent of inactivation*  
(log10 reduction)

Plasmodium falciparum** (malaria) ≥6.0
Trypanosoma cruzi (Chagas’ disease) >5.3
Leishmania mexicana (metacyclic promastigote stage) >5.0
Leishmania major Jish (amastigote stage) >4.3
Babesia microti (babesiosis) >5.3

*‘>’ refers to inactivation below the limit of detection of the assay.
**Intracellular.

Table 6. The extent of inactivation (log10 

 reduction) of parasites in platelet components 
by the INTERCEPT Blood System (official 
label claims)

Assay system Evidence of inactivation

In vitro
Limiting dilution assay >5.4 log10 reduction of viable T cells
DNA modification Approximately one amotosalen adduct per 83 base pairs
Polymerase chain reaction Amplification inhibited by amotosalen – DNA adducts
Cytokine synthesis Elimination of IL-8, IL-1β synthesis during storage 

In vivo
Murine transfusion model Prevention of TA-GVHD in a murine parent to F

1
 transfusion 

model

Table 7. High levels of leukocytes are 
 inactivated in platelet components by the 
 INTERCEPT Blood System
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to a class IIb CE mark this requires a very thorough preclini-
cal and clinical development program. Also any statement 
regarding the performance of the product has to be approved 
as official label claim. Therefore, as another difference to 
class IIb products, no self-declaration can be made but all 
claims are tested and based on data submitted before the re-
spective claims can be granted. The INTERCEPT Blood Sys-
tem for platelets has gained the CE mark in 2002 and for 
plasma in 2006, allowing market distribution in Europe for 
both components.

In addition the INTERCEPT Blood System for platelets 
and plasma has been approved by the French regulatory 
 authority Afssaps. In Germany the Paul Ehrlich Institute 
granted the marketing authorization to some centers for 
platelets, and the respective files for INTERCEPT plasma are 
in the final stage of review. In Switzerland the SwissMedics 
approved INTERCEPT for platelets and for plasma.

The official label claims state that ‘INTERCEPT treated 
platelets or plasma components are not clinically different 
from conventional components and are infused according to 
standard clinical practice guidelines’. 

There is no patient exclusion, and thus the products can 
and are being used for all patients including neonates, chil-
dren, pregnant women, patients undergoing stem cell trans-
plantations and patients under very strong chemotherapeuti-
cal treatment.

The CE mark for INTERCEPT-treated platelets officially 
allows for the storage for up to 7 days (here regional regula-
tions apply). Platelets stored for 7 days are routinely used in 
several countries with the exception of France and Germany.

The approval by the Paul Ehrlich Institute allows the use 
of INTERCEPT as alternative to gamma-irradiation and to 
omit CMV serology.

In addition, in regions where leukodepletion is not manda-
tory, INTERCEPT can also officially be performed without 
prior leukodepletion.

All claims regarding the efficacy of the INTERCEPT tech-
nology and regarding the inactivation of a given pathogen 
were officially granted by the regulatory authority and were 
not the result of self-declaration.

Disclosure Statement

Both authors are employees of Cerus Corporation

Hei et al. [57] demonstrated the effect INTERCEPT treat-
ment on the cytokine/chemokine production of residual leu-
kocytes during platelet storage. They analyzed the presence 
of supernatant IL-8 and IL-1β by ELISA over a period of 5 
and 7 days respectively. While gamma-irradiation causes in-
frequent strand breaks in the leukocyte DNA and expression 
of IL-8 and IL-1β could be detected, these substances could 
not be detected after INTERCEPT treatment [57]. Similar 
findings were described by Cognasse et al. [58, 59]. They dem-
onstrated that INTERCEPT treatment of platelets did not in-
crease the release of platelet derived growth factor-AB, 
tumor necrosis factor and, most interestingly, soluble CD40 
ligand which has been described as implicated in transfusion-
associated lung injury [58, 59].

The results regarding the inactivation of leukocytes led to 
the official label claim that INTERCEPT treatment of plate-
lets may replace gamma-irradiation as a measure to prevent 
TA-GVHD. Multiple centers in different European countries 
stopped gamma-irradiation altogether after implementation 
of the INTERCEPT Blood System and are treating patients 
at risk for TA-GVHD with non-gamma-irradiated, INTER-
CEPT-treated platelet concentrates.

Summary of Log-Reduction Values

The greater the level of inactivation of pathogens like bacteria, 
viruses, protozoa and spirochetes, the greater is the contribu-
tion of such a technology to the safety of the blood components 
and to the lowering of the risk for the patient. In addition, only 
a technology with proven high degree of inac tivation/reduction 
of pathogens will eventually allow for changing the paradigm in 
blood safety from the development and implementation of 
novel screening methods and donor deferrals to a pro-active 
approach, namely pathogen inactivation [60]. The INTER-
CEPT technology provides a high level of pathogen inactiva-
tion for a very broad spectrum of pathogens. The values given 
in tables 4–6 were the basis for the official label claims granted 
for the INTERCEPT Blood System from the regulatory body.

Current State of Accreditation in Europe

The INTERCEPT Blood system has been registered with a 
class III CE mark as a drug device combination. In contrast 
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