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Emerging viruses in the last few years like West Nile and Zika have prompted experts in the field of transfusion medicine to be proactive in their search for new devices to detect pathogenic agents prior to transfusion.  The current approach in transfusion safety is reactive not proactive.  Research into Pathogen inactivation (PI) technologies for blood components are the latest attempt to make transfusion components safe.  Some PI technologies for cellular products currently available or in the pipeline are:  INTERCEPT Blood System for platelets and plasma, MIRASOL system, THERAFLEX UV-Platelets and the S-303 PI system for RBC’s.  All PI methods used to treat cellular blood products work by impairing the target pathogen’s ability to replicate. When used alone or in combination, ultraviolet (UV) light and alkylating agents cause irreversible damage to the nucleic acids of pathogens.(2)
	The INTERCEPT Blood System utilizes the photoactive compound, amotosalen HCl (S-59).  Amotosalen HCl penetrates the cellular and nuclear membrane then binds to the nucleic acids of the pathogen.  Low-energy UVA light (320–400 nm) is used to activate amotosalen causing cross-linking in pathogen nucleic acids preventing it from replicating. This procedure is not suitable for Red Blood Cell’s.(2)  
The MIRASOL system employs riboflavin (vitamin B2) and UV light (285–365 nm). Activated riboflavin by UV light causes irreversible damage to pathogen nucleic acids.  The current MIRASOL system is used on plasma and platelets but a similar whole blood system is now in development.(2)
The PI technology, THERAFLEX UV-Platelets uses shortwave UVC light (254 nm) to form pyrimidine dimers that block the elongation of nucleic acid transcripts.  This system takes less than 1 min and can be implemented easily into blood banks nationwide. The THERAFLEX system is also suitable for plasma and RBC units.(2)
One Pathogenic Inactivation System has been developed for RBC units.  Similar to other PI technologies the S-303 prevents nucleic acid synthesis of pathogenic agents however this PI technology does not require UV light. Several generations of the S-303 have been produced.  Updates and advancements need to be made to prevent negative effects on the RBCs.  During clinical trials of the S-303 some patients developed immunization against the PI RBCs.  More data needs to be collected to understand the cause behind the immune response patients are having in response to the pathogen inactivated RBCs.(2)
The use of INTERCEPT and MIRASOL systems for platelets and plasma has been approved in the USA while both the THERAFLEX system and the S-303 system are still in clinical development.  The INTERCEPT Blood System has been approved for pathogen reduction of 1) apheresis platelets stored in plasma and platelet additive solution (PAS) and 2) plasma.  The benefits of using platelets and plasma treated via the INTERCEPT Blood System are three fold: “1) less risk of transfusion-transmitted infections to patients  2) eliminate the need for serologic testing for cytomegalovirus (CMV) and production of CMV-reduced-risk components, and 3) eliminate the need for irradiation to prevent transfusion-associated graft-vs-host disease (TA-GVHD).” (3)
The platelet and plasma treated via the INTERCEPT Blood System has been shown to inactivate pathogens such as human immunodeficiency virus, bacteria, Plasmodium, babesiosis, and Chagas disease.  Some non-enveloped viruses and bacterial spores have been resistant to the INTERCEPT treatment.  The validity of these findings have been supported by published studies from multiple European countries - Belgium, Switzerland, and France.  Ten published clinical trials comparing pathogen-reduced platelets with standard platelets and nine trials included 675 patients that received INTERCEPT platelet transfusions have been conducted.(3)  The spectrum of organisms inactivated by the INTERCEPT Blood System and the efficacy of this PI method have been published: “there was a 4- to 6-fold log reduction in infectivity for most pathogens tested”.(4) Since 2014 forty countries have adopted and are currently using the INTERCEPT Blood System.(4)  
Studies were also completed to evaluate the possible consequences of patient exposure to amotosalen – the chemical used to inactivate the pathogen nucleic acids in the INTERCEPT Blood System.  Studies were conducted to examine the potential toxicity of amotosalen on patients receiving INTERCEPT treated products.  Data was collected using single dose and multiple dose injections of amotosalen on mice, rats and dogs. Animal experiments with amotosalen injections showed no indication that there is a toxicological risk when using platelets treated using the INTERCEPT Blood System.  Even repeat-dose studies using rats and dogs involving daily intravenous injections of amotosalen 30,000-fold the clinical exposure from a transfusion of INTERCEPT products showed no evidence of toxicity.(1)
Another concern with the Pathogen Inactivation technologies is the effect the treatment has on the human product – platelets, plasma, leukocytes and white blood cells.  Do platelets and plasma treated with the INTERCEPT Blood System have the same composition and function?  The INTERCEPT process moderately affects the coagulation factors but does not have a significant impact on patients receiving therapeutic plasma exchange.  According to Rossi's Principles of Transfusion Medicine, “Over 7000 transfusions demonstrated high levels of safety and tolerability and decreased frequency of adverse transfusion reactions compared to untreated plasma.”(5)   INTERCEPT treatment does cause some biochemical changes within platelets.  Overall, however the platelets remain functional and effective.  The clinical efficacy and safety of INTERCEPT treated platelets has been demonstrated within a large number of clinical trials with thousands of patients.  Eleven clinical trials with over 1,000 patients and a retrospective analytical study of over 13,000 INTERCEPT platelet recipient’s confirmed the efficacy and safety of the INTERCEPT treated platelets. (5) 
	While there have been many successes and much progress in the area of Pathogen Inactivation technology the innovation and research must continue so that all blood transfusion products are safe.  Platelets and plasma have successfully processed by PI technology, now scientist must focus their efforts on finding a system that will eliminate pathogens from RBC components as well.
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