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1. Old Viral Risk –

Still There?



The 3 major pathogens: HIV, HBV, HCV
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Serology and NAT standard 

in almost all blood centers 

Risk & Window Periods:

HIV: ~1: 2.9x106 11 d

HBV: ~1: 3x105 ~34 d

HCV: ~1: 2.5x106 12 d

Transfusion transmission 

by Serology and NAT 

negative donors regularly 

reported (low numbers)

Transfusion transmission possible in 

rare cases:

• Low viral load below LOD

• Window period

• New variants

Dwyre DM et al., 2011. Hepatitis B, hepatitis C and HIV transfusion-transmitted infections in the 21st century Vox Sang 100: 92-98

The Polaris Observatory HCV Collaborators. Global 
prevalence and genotype distribution of hepatitis C 
virus infection in 2015: a modelling study. Lancet 
Gastroenterol Hepatol. 2017;2:161–76.

HCV  

prevalence 

2020

HIV prevalence 

2020

https://commons.wikimedia.org/wiki/File:World_map_of_countries_

by_HIV-AIDS_adult_prevalence_rate_%282020%29.svg
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HIV – aren’t we 

testing?
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Individual Donor Assessment

• MSM donors were in many countries 

deferred indefinitely or for a certain 

period of months/years after the last sexual 

contact.

• Such deferrals were justified by an 

increased risk of MSM donors for 

transmission of STDs (sexually 

transmitted diseases), especially HIV, HBV, 

HCV, Syphilis.

• Assessing sexual risk behavior of 

donors individually (w/o taking the sexual 

orientation into consideration) is becoming 

the standard in many countries.

• Are there any implications for blood 

safety?

Case D & Applewhite KY., 2023. Individual donor assessment: a global view. AABB News 25: 14-16  
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Risk Profile of MSM donors

Schroyens M et al., 2023. Men who have sex with men and risk for transfusion-transmissible infections in blood donors in Western countries: A systematic review update. Vox 

Sang doi: 10.1111/vox.13482. Online ahead of print.
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Aube E et al., 2021. HIV residual risk in Canada for apheresis source plasma donation without deferral for men who have sex with men. Vox Sang 117: 201-2017

Aube E et al., 2022. HIV residual risk in Canada for apheresis source plasma donation without deferral for men who have sex with men. Vox Sang 117: 201-207



U=U?
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No transmission by sexual 
contact with viral serum 

load below 200 copies/mL

A minimum infectious 
dose of 291 copies in 
plasma PER UNIT was 
published (approx. 1.5 

copies/mL)

With 10 copies/mL, 30 mL 
of plasma would be 

potentially infectious 

PARTNER and PARTNER2 study 

with 130.000 condom-less sex acts

between an HIV-positive (under ART 

with a viral load <200 IU/mL) and HIV-

negative partner
Rodger AJ et al., 2016. JAMA 316: 171-181; Rodger AJ et al., 2019. 

Lancet 393: 2428-2438



HIV Transfusion-Transmission in France 2017
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Cappy P et al., 2019. Transfusion of HIV-infected blood products despite highly sensitive nucleic acid testing.Transfusion 59: 2046-2053
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HBV and HCV – still 

there?



HBV-Transfsuion-Transmission in Slovenia, 2018
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3 repeat donors at 

Slovenia with occult HBV 

infection tested negative 

by serology and NAT

7 of 31 non-

suceptible 

(negative), 24 

suceptible

7(9) FFP

2(12) RBC

0(3) IBS 

Platelets

47 patients 

transfused, data 

from 31 available

9 of 24 

susceptable 

recipients of 

components are 

infected

Infected

Candotti D et al., 2019. Multiple HBV transfusion transmissions from undetected occult infections: revising the minimal infectious dose. Gut 68: 313-321.



HCV Transfusion-Transmisison in Germany, 2019
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12

3

4

Himmelsbach K et al., 2022. Second hepatitis C virus transmission by blood components since introduction of mandatory NAT screening in 

Germany. Transfusion Dec 14: doi: 10.1111/trf.17224. Online ahead of print.
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2. Emerging (Arbo) Viruses
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• The authors conducted a systematic literature search to assess (no start 

date, end date Nov 10, 2021) assessing reported cases arbovirus 

transfusion transmission.

• The data is used to assess the risk for blood safety.

• The majority of reported cases are 

WNV (57%) and DENV transfusion-

transmissions (24%).

• 86% of cases are viruses which are 

reported to be effectively 

inactivated by INTERCEPT

Gimenez-Richarte A et al., 2022. Transfusion-transmitted arboviruses: Update and systematic review. PLoS Negl Trop Dis 16: e0010843

Transfusion-Transmitted Arboviruses
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Potential carrier of Arboviruses:

DENV, ZIKV, CHIKV

Distribution of 

invasive Aedes 

species (02/2023)

https://www.ecdc.europa.eu/en/publications-data/aedes-invasive-mosquitoes-current-known-distribution-february-2023



Patterson et al., 2016. Dengue, Zika and Chikungunya: Emerging Arboviruses in the New World. Western J Emerg Med 17: 671-679

80% of infected people 

are asymtomatic

TTI with Zika Virus was 

reported for PLTs

Lanteri et al., 2016. Transfusion 56: 1907-1914

Motta et al., 2016. NEJM 375: 1101-1103 

Transfusion 

transmission  of Dengue 

virus has been observed 

with RBC, FFP and PLTs 

ZIKV

CHIKV

DENV
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WNV Cases 2023 compared to 

previous seasons

https://www.ecdc.europa.eu/en/publications-data/west-nile-virus-human-cases-compared-previous-seasons-27-september-2023



Highest projected infectious viral loads vs log reduction factors

20 Stramer SL et al., 2022. Mitigating the risk of transfusion-transmitted infections with vector-borne agents solely by means of pathogen Reduction. Transfusion 62: 1388-1398
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Arbovirus comparison - Summary

Gimenez-Richarte et al., 2023. Pathogen inactivation methods to prevent transfusion-transmissible arboviruses. Trop Med Int Health 

doi: 10.1111/tmi.13863. Online ahead of print.

Bias risk: mixed 

abstracts & publications, 

mixed components,

Theraflex MB and UV 

grouped

Commercially 

available for 

platelets



Arbovirus Testing & PRT

WNV Safety

• WNV NAT screening OR

• donor deferrals OR

• appropriate pathogen inactivation

ZIKV Safety

• ZIKV NAT screening AND

• donor deferrals OR

• pathogen inactivation (IBS)
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3. Preparedness – What 

Comes Next?



What will be next?
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There are likely  1 Million vertebrate 
viruses, 99.8% are yet not discovered.
That is a huge potential for future 
zoonotic Emergence!

We do not know: 

• What will be next

• When will be next 

• How and how fast it will be transmitted

• How and how fast disease will progress

1918 Spanish Flu

1957 Asian Flu

1968 Hong Kong Flu

1980 HIV

2002 SARS CoV

2004 Bird Flu (H5N1)

2009 Swine Flu (H1N1)

2012 MERS CoV

2015 Zika Virus

2019 SARS-CoV-2

2022 Monkeypox

Morse, S.S. 1995. Emerg Infect Dis 1: 7-15
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4. Bacterial Risk



Transmission of Bacteria by Transfusion (of platelets)
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Such contamination is in the 

majority caused by needle prick 

contaminations, secondary by 

donor bacteremia. The less well 

established safety measures 

are in place, the higher the 

contamination rate (human 

failure).

Transfusion Information 1712-156 – The Japanese Red Cross

Primary Bacterial Culture:

Sensitivity 31%

Walker BS et al., 2020. Residual bacterial detection rates after 

primary culture as determined by secondary culture and rapid 

testing in platelet components: A systematic review and meta-

analysis. Transfusion 60: 2029-2037

Wendel S et al., 2005. Double, double, toil and trouble. 

Transfusion 45: 1241



FDA-guidance to enhanve the safety and availability of platelets

https://www.fda.gov/media/123448/download
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All PC have to undergo since 1-10-2021:

⮚ Bacterial screening with enhanced protocol (LVDS) OR

⮚ Bacterial screening in combination with 2e rapid test OR

⮚ Pathogen Inactivation/Reduction
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TTBI-related Cases and Deaths in France pre- and post PI
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Pitman JP et al., 2023. Longitudinal analysis of annual national hemovigilance data to assess pathogen reduced platelet transfusion trends during 

conversion to routine universal clinical use and 7-day storage. Transfusion 63: 711-723  

7% INTERCEPT 20% INTERCEPT 100% INTERCEPT
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TTBI-related Cases and Deaths in Switzerland

Jutzi M et al., 2018. Nationwide Implementation of Pathogen Inactivation for All Platelet Concentrates in Switzerland. Transfus Med Hemother 45: 151-156

pathogen-reduced (INTERCEPT) 

(80% of all PCs produced in 2011 → 100%

since November 2011)

Platelet-additive solution 

(∼ 30% in 2010 → 100% in November 2011)

7-day storage 

(from July 2013)
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Significant Underreporting of TTI 

▪ TR/TTI are not recognized

▪ The confirmation/validation of TR/TTI is too complex

▪ TR/ TTI occur after a delay +24h post transfusion

▪ TR/TTI are not reported due other tasks / high work load

TR: Transfusion Reactions
TTI: Transfusion-Transmitted Infections



How can we provide  safe blood products?

31

Diagnostic Testing Pathogen InactivationDonor Management

Questionary

Deferrals

Risk: Donor could
not tell the truth
or not know

Bacterial culture

Serology, PCR

Risk: Only few known
pathogens tested, false 
negative tests possible

Plasma inactivation

Platelet inactivation

(Whole Blood inactivation)

No inactivation for RBC
yet
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5. Pathogen 

Inactivation for 

Platelets – all the 

Same?



Assessment Pre- and Post PI-Treatment

Spiking of platelet 

units with different 

quantities of 

bacteria

Inoculation of one blood 

culture bottle

Keil, S.D. et al., 2015. Treatment of Platelet Products with Riboflavin and UV Light: Effectiveness Against 

High Titer Bacterial Contamination. J. Vis. Exp. (102), e52820, doi:10.3791/52820

PI-

treatment

Storage until end of 

shelf-life in a platelet 

incubator  

Inoculation of multiple 

(whole platelet bag content) 

blood culture bottle

McDonald CP et al., 2021. Assessing the inactivation capabilities of two commercially available platelet component pathogen 

inactivation systems: effectiveness at end of shelf life. Vox Sang 116: 416-424



1 log

* = ≥

Riboflavin/UVBINTERCEPT

McDonald CP et al., 2021. Assessing the inactivation capabilities of two commercially available platelet component pathogen inactivation systems: effectiveness at end of shelf life. Vox Sang 116: 416-424

Assessment of the Inactivation Capacity: Bacterial Load Pre-inactivation 
Preventing Bacterial Detection until End of Shelf Life
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Pool- and split 

platelet units 

in 38% plasma 

and 62% T-

PAS+

Malvaux N et al., 2022. In Vitro Comparative Study of Platelets Treated with Two Pathogen Inactivation Methods to Extend  Shelf Life to 7 days. Pathogens 11: 343

LODLOD

INTERCEPT

Mirasol

WB (Reveos) 

PLTs

Aph (Trima) 

PLTs
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Pool- and split 

platelet units 

in 38% plasma 

and 62% T-

PAS+

Malvaux N et al., 2022. In Vitro Comparative Study of Platelets Treated with Two Pathogen Inactivation Methods to Extend  Shelf Life to 7 days. Pathogens 11: 343

INTERCEPT

Mirasol

WB (Reveos) 

PLTs

Aph (Trima) 

PLTs

Apoptosis markerApoptosis marker
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6. New Applications 

for Safer 

Components
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Pathogen-Reduced 

Universal Plasma
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Pooled pathogen-reduced universal plasma

Comparison of: 

Maxipools universal (10 units, 4 A, 4 B, 4 AB)

Minipools universal (5 units, 2 A, 2 B, 1 AB)

Maxipools single ABO (10 units)

Minipools single ABO (5 units)

PI-treatment post pooling (amotosalen/UVA)

Pilot Study

Conference Poster

Reduction of Variability 

with increasing pool size. 

Fib/FVIII content of 

universal plasma not 

comparable to individual
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FLyP – a French approach

2 years shelf-life at room temperature

ABO universal

>1400 units produced

• Only donors with ≥90 IU/100 mL FVIII accepted (female 

donors anti HLA tested)

• Apheresis donations, leukoreduced, pathogen reduced 

(amotosalen/UVA), frozen

• Thawed, pools of approx. 10 units (3 liters) mixed group A, 

B, AB

• Splitting, freeze-drying by sublimation (4 days)

• Reconstitution in medical water

Martinaud C et al., 2012. In Vitro Hemostatic Properties of French Lyophilized Plasma. Anesthesiology 117: 339-346

Pusateri AE et al., 2016. Dried plasma: state of the science and recent developments. Transfusion

56: S128-S139
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FLyP – a French approach

clotting time maximum clot firmness

Sailliol A et al., 2013. The evolving role of lyophilized plasma in remote damage control resuscitation in the French Armed Forces Health Service. Transfusion 53: 65S-71S

Whole bloodWhole blood 60% BL60% BL
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The clinical safety profile of INTERCEPT 

plasma is comparable to conventional 

plasma/quarantine plasma*

The clinical efficacy of INTERCEPT plasma has been shown including 

the following indications:

• Coagulopathy in liver disease1

• Liver transplant support1,2

• Therapeutic Plasma Exchange in Thrombotic Thrombocytopenic 

Purpura3,4

1Mintz PD et al., 2006. Photochemically treated fresh frozen plasma for transfusion of patients with acquired coagulopathy of liver disease. Blood 107: 3753-3760
2Cinqalbre J et al., 2015. Comparative effectiveness of plasma prepared with amotosalen-UVA pathogen inactivation and conventional plasma for support of liver transplantation. Transfusion 55:1710-1720
3Garaud O et al., 2019. Amotosalen-inactivated fresh frozen plasma is comparable to solvent detergent inactivated plasma to treat thrombotic thrombocytopenic purpura. Transfus Apheres Sci 58: 102665
4Mintz PD et al., 2006. A randomized, controlled Phase III trial of therapeutic plasma exchange with fresh-frozen plasma (FFP) prepared with amotosalen and ultraviolet A light compared to untreated FFP in thrombotic 

thrombocytopenic purpura. Transfusion 46: 1693-1704

*Bost V et al., 2015. Independent evaluation of tolerance of therapeutic plasma inactivated by amotosalen-

HCl–UVA (InterceptTM) over a 5-year period of extensive delivery. Vox Sang 109: 414-416

*Guignier C et al., 2018. Amotosalen-inactivated plasma is as equally well tolerated as quarantine plasma in 

patients undergoing large-volume therapeutic plasma exchange. Transfus Clin Biol 25: 73-77

Tolerability & Clinical Efficacy – INTERCEPT ® Plasma
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Pathogen-Reduced 

Frozen Platelets



45



46

7. Closing



Theoretical individual risk to receive a pathogen-contaminated platelet unit
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Kleinman S et al., 2013. A patient-oriented risk–benefit analysis of pathogen-inactivated blood components: application to apheresis platelets in the United States. 
Transfusion 53: 1603-1618
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Blood Matters.


