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Blood donations worldwide

Source: WHO Report 2016

NAT market: calculated with >$3,0 billion/year;

Serology calculated with >$1,0 billion/year; 



Institute for Transfusion Medicine and Immunohematology

University Clinics Frankfurt/Main

GRC Blood Transfusion Service Baden-Württemberg - Hessen

Blood donor screening strategies

NAT Serology
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Blood AIDS scandal in Germany
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Virus Prevalence Diag. window

(days)

Estimated

residual risk

HIV-1 2/100,000 45 1:500,000 –

1:1,000,000

HBV 40/100,000 45 1:50,000

HCV 100/100,000 90-120 <1:5,000

Residual risks of TTID 1993

Kubanek et al. Infusionsth. Transfusionsmed. 1993;20:54-59
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Introduction of MP-NAT into blood screening

Pooling of 96 blood donations into one mini-pool for NAT testing
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Virus enrichment by centrifugation

Virus enrichment by high speed centrifugation (1h/48,000xg)
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Reduced efficiency in lipemic donations

Reduced efficiency in lipemic blood donation especially for HCV

Source: publication under review

Virus enrichment by centrifugation is not any longer state of the art since one decade!

A: normal plasma 1: virus concentration before enrichment centrifugation

B: lipemic plasma 2: virus concentration after enrichment centrifugation
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Introduction of NAT worldwide

Internat. Forum  Vox. Sanguinis 2012
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NAT only positive donations

Internat. Forum  Vox. Sanguinis 2012
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1997-2005

HBV         43         31,491,658       1: 732.364         1.4

HCV         22         31,491,658       1:1,431,439       0.7

HIV-1 8         31,491,658        1:3,936,457       0.25

relative residual risk without mini-pool NAT

Virus Mini-pool 

NAT only

positive

Number 

donations (n)

Relation 

positive : total 

test number

Incidence

per million

NAT yield DRK NAT study
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Residual risk based on DRK NAT study

Bacterial risks Viral risks



Institut für Transfusionsmedizin und Immunhämatologie

Klinikum der Goethe-Universität Frankfurt am Main

DRK-Blutspendedienst Baden-Württemberg - Hessen

HIV-1 transmission by red cell product
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Phylogenetic analysis between donor and recipient
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Mutations in the primer/probe binding region
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Blood donations with HIV-1 with mutations

Two transmissions by red cell concentrates
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Screening with dual target since 2010

Since January 2015 blood donor screeing by NAT with dual targeting is mandated

in Germany 

DRK Baden-Wuerttemberg – Hesse had implemented the dual target strategy in 

2010 on a voluntary basis

Between 2010 and 2014 three blood donations with mutations in the 5ĺtr region

were identified
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HIV diagnostic window Germany

Source: adopted from N. Lelie with data from the German Red Cross
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New residula risk for HIV-1

DRK Blutspendedienste

(1997-2005)

DRK BaWüHe/ Nord-Ost

Single target

DRK BaWüHe/ Nord-Ost 

Dual target

1:4,3 million 1: 3,6 million 1:4,3 million

DRK NAT calculated without mutation risk

10,9 million € 10,0 million € 8,3 million €

QALY gained QALY gained QALY gained

Calculation was done in accordance to Weusten et al.

„dual target“ reduce the residual risk about 19,4%
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Pathogen reduction methods

Photochemical method: Intercept (S59 + UVA)

Photodynamic method: Mirasol (Riboflavin + UVA) 

Irradiation only method: Theraflex (UVC + agitation) 
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Head-to-head comparison of pathogen reduction methods

Source: Schlenke 2014 Transfus. Med. Hemother.
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Quality adjusted life years (QALY)



Institut für Transfusionsmedizin und Immunhämatologie

Klinikum der Goethe-Universität Frankfurt am Main

DRK-Blutspendedienst Baden-Württemberg - Hessen

QALY classic calculation (time between 2008 – 2015)

4
4 12 4 4 12 4 additional detection by NAT

Analysis of 10.9 million blood donations
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QALY WP calculation (time between 2008 – 2015)

4
79/0 281/281 0/0 additional detection by serology

Analysis of 10.9 million blood donations

MP/ID MP/ID MP/ID

Querstriche hoch
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Hepatitis B virus infections
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HBV diagnostic versus pathogen reduction

Diagnostic Pathogen reduction (PR)

HBsAg (WP 38 days) Intercept >5.5 logs

Anti-HBc (WP 55 days) Mirasol 2.5 logs

MP-NAT (WP 30 days) Theraflex >2.8 logs

ID-NAT (WP 22 days)

Strategy Residual risk Cost per QALY gained

HBV MP NAT only 1:360,000 27,545 €

HBsAg 1:200,000 27,700 €

HBsAg + MP NAT 1:360,000 55,245 €

HBsAg + ID NAT 1:450,000 2.8 million €

PR* 1:1,000,000 1.38 million €

PR* + HBsAG 1:1,500,000 1.41 million €

PR* + MP-NAT (384 pool) 1:1,500,000 1.38 million €

* PR in the future is feasible for

pathogen reduction in whole

blood
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HBV

HBsAg can probably replaced by HBV MP-NAT + Anti-HBc, but HBsAg only

reactive donation are detected, further investigations are necessary if HBsAg

only reactive donation are infectious

Blood donor screening by PR only still have the risk on infectious blood

donations with virus loads higher than 106 IU/ml

Cost per QALY will be dramatically increased by the implementation of a PR 

method, because a PR for whole blood is currently not available

Blood donor screening by small mini-pools or ID-NAT is a good alternative to

blood donor screening by anti-HBc

Highest safety level will be achieved by PR + MP-NAT
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HCV diagnostic versus pathogen reduction

Diagnostic Pathogen reduction (PR)

Anti-HCV (WP 59 days) Intercept >4.5 logs

MP-NAT (WP 6 days) Mirasol >4.1 logs

ID-NAT (WP 4 days) Theraflex >5.0 logs

Strategy Residual risk Cost per QALY gained

HCV MP NAT only 1:10,880,000 22,200 €

Anti-HCV 1:1,960,000 23,200 €

Anti-HCV + MP NAT 1:10,880,000 45,400 €

Anti-HCV + ID NAT 1:10,880,000 2.29 million €

PR* 1:8,430,000 1.13 million €

PR* + Anti-HCV 1:8,430,000 1.16 million €

PR* + MP-NAT (384 pool) 1:10,880,000 1.14 million €

* PR in the future is feasible for pathogen reduction in whole blood
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HCV

Blood donor screening by anti-HCV can probably be replaced by MP-NAT or

ID-NAT

Blood donor screening by PR only still have the risk on infectious blood

donation with virus loads higher than 106 IU/ml

Cost per QALY will be dramatically increased by the implementation of a PR 

method, because a PR for whole blood is currently not available

Highest safety level will be achieved by PR + MP-NAT
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HIV diagnostic versus pathogen reduction

Diagnostic Pathogen reduction (PR)

HIV combo Intercept >6.2 logs

HIV MP-NAT Mirasol 5.9 logs

HIV ID-NAT Theraflex 1.4 logs

Strategy Residual risk Cost per QALY gained

HIV MP NAT only 1:4,300,000 8,550 €

HIV combo 1:2,610,000 9,150 €

HIV combo + MP NAT 1:4,300,000 17,700 €

HIV combo + ID NAT 1:4,300,000 894,000 €

PR* 1:4,300,000 442,700 €

PR* + HIV combo 1:4,300,000 451,600 €

PR* + MP-NAT (384 pool) 1:5,100,000 444,900 €

* PR in the future is feasible for pathogen reduction in whole blood
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HIV

Blood donor screening by HIV combo can probably be replaced by MP-NAT or

ID-NAT

Blood donor screening by PR only still have the risk on infectious blood

donation with virus loads higher than 106 IU/ml

Cost per QALY will be dramatically increased by the implementation of a PR 

method, because a PR for whole blood is currently not available

Highest safety level will be achieved by PR + MP-NAT
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Virus induced cancer

Virus Cancer Publication

HSV-2 Metastasis of lung cancer

by mircoRNA expression

Tumor Biol 2017

HBV, HCV Liver cell carcinoma Cancer 2017

HPV Cervical cancer Oncotarget 2017

HHV-8 Intraepithelial neoplasia Biomed Res Int 2015

FLVI1 (friend leukemia

virus integration 1)

Small cell lung cancer Oncotarget 2017

EBV T- and NK-cell neoplasms Plos One 2017

PR will prevent virus induced cancer
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Iceberg screening strategy

Donor selection (1-2 logs) 

10% blood safety

Donor sreening (1-2 logs) 

10% blood safety

Pathogen reduction (6 logs) 

80% blood safety
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Future blood safety strategy

General pathogen reduction method for whole blood with reduction of 5-6 logs

MP-NAT (pool size 384) or 4th generation serology tests

PR + MP-NAT will achieve highest safety level and best cost efficiency, 

especially if more parameter like HEV, HAV, Dengue virus, Malaria, HTLV, 

bacteria, Chikungunya virus were added to the calculation
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The additional impact on blood safety for Anti-HCV and HIV combo is very low

in the presence of blood donor screening by NAT, both parameters can

probably abolished

Summary

Pathogen reduction methods have currently the disadvantage, that no system

is feasible for whole blood before separation to blood components

MP-NAT is needed even in case of PR. This is specificly true for HIV and the

use of the Theraflex system

If a pathogen reduction method will be available in the near future for whole

blood a combination with MP-NAT (pool size 384) will achieve highest safety

level and best cost efficiency. Blood donor screening by serology can be

stopped by this strategy

New emerging pathogens (e.g. Chikungunya virus, Dengue virus, Malaria etc.) 

will increase the cost efficience for pathogen reduction methods


