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Blood Safety Relies on the Redundancy of Mitigation Strategies
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Benefits

Eligibility process 

Selects for healthy donors

• Physical examination 
o Temperature, Blood Pressure, 

Hematocrit, Pulse, Weight

• Donor health questionnaire 
(DHQ)
o Symptoms, Risk behaviors, 

Infectious diseases, 
Immunizations, Medication, 
Travel history…
• Recipient safety (TTI risk 

mitigation)

• Eligible or deferred

Limitations

1. Deferrals negatively impact blood 
availability
o Social pain

o Missed donations 

o Lower return rates 

2. TTI prevention relies on
o DHQ response accuracy

▪ Non-disclosure

o Pre-symptomatic donors

o Asymptomatic infections

o Complexity of travel deferrals

Mitigation

• Donor recruitment efforts
o Repeat, first time, deferred

o Incentive programs

• Relaxing deferrals

• Post-Donation information

➢ Rely on blood screening and 
pathogen reduction
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Donor Selection



Benefits
• Complex testing algorithms 

o Sensitive screening + 
Confirmatory assays

• If reactive, products are discarded

• Donor is deferred

• Donor counselling
→Referral/treatment

o Re-entry

✓ Advances in blood screening tests 
progressively reduced the risk of 
TTI

Limitations
• Risk of false positives

o Screening ≠ Diagnostic

o Remain Ab+ after resolving infection

• Discarded products

• Deferred donors
o Social stigma,  lower return rates, re-entry 

testing  with risk of being deferred again 

• Limit of detection 
o Window period

o Suppressed viral loads

o Seroreversion

• EID: 
o Availability of assays?

o Development timeline 

o Delayed implementation

• Cost vs. risk

Mitigation
• Decrease cost

o Multiplexing for gain of 
efficiency

o Increase availability by removing 
deferrals

• DHQ adjustments
o Drug intake, list of medication

o Behaviors and infection status

o Motivation studies

• Accelerate development timeline
o Preparedness efforts:

▪ Horizon scanning

▪ Molecular/Sero surveillance

▪ Epidemiology studies

• Increase safety 
➢ Add pathogen reduction 
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Donation Screening

ARV



Benefits
1. Depends on inactivation levels

o Viruses

o Bacteria

o Parasites 

o Leukocytes

2. Replace some deferrals/testing

o Bacteria, Babesia, Malaria, ZIKV

3. Replace procedures (LR, irradiation) 

4. Increased blood availability

o Treated components not discarded

o Earlier release

o Longer shelf-life 

5. Preparedness
o Vector-borne 

o EID

Limitations
1. No universal PRT

o Only available for plasma and 
platelets

o Some pathogens are not 
inactivated

2. Is component quality impacted?

o Contradicting results in various 
publications

o Heterogeneity of production 
methods

✓ Blood utilization

✓ Clinical efficacy

3. Cost vs. risk

Mitigation
Current cost saving opportunities           
(before universal PRT):

• Increase blood availability
o Relax deferrals

o Replacement of look back for  PDI

o Remove some tests as approved for 
decreased testing cost and discard

• Change platelet production
o WB derived vs. apheresis for decreased 

costs, increased quality and decreased 
utilization

o Pooling to recover more plasma

o Outdated platelet lysates safety  

• Cost of PRT vs. cost of TTI
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Pathogen Reduction – Blood Components
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• Donor screening

• Testing (WP/LOD)

• Quarantine

• Fractionation 

Viral inactivation steps (>4 log):
• S/D treat (lipid membrane 

enveloped viruses)
• Pasteurization/heat (non-

enveloped viruses)
• Filtration (larger viruses)

• Overall inactivation + margin
“An appropriate margin of safety is achieved 
when the overall virus reduction factor 
exceeds the maximum amount of virus 
potentially entering the manufacturing pool”

Pathogen Reduction – Plasma Fractionation
S/D treat,

Pasteurize, 
Low pH

Chromato
Pre-purification 

(precipitation)
Nano/Ultra
Filtration

Klamroth et al. Transfusion 2014



Blood Screening Plasma Screening Assays 

• Regional Babesia screening (14 U.S. states +D.C.)
• HIV/HBV/HCV NAT performed in MP-16
• T. cruzi only for first time donors
• Plasma: Quantitative HAV and B19 to limit the amount of virus 

entering the pool not to exceed the viral inactivation capacity
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U.S. Donation Screening (per CTS)

Marker Test Vendor System

Classic 
Agents

HIV/HCV/HBV NAT Grifols Panther
Anti-HIV-1/2 Combo Abbott Alinity s
Anti-HCV Abbott Alinity s
Anti-HBc Abbott Alinity s
HBsAg Abbott Alinity s
Anti-HTLV-I/II Abbott Alinity s
CMV Fujirebio PK7400
Syphilis New Market Bio. PK7400

Syphilis RPR Arlington ASI

Vector-
Borne 
Agents

WNV NAT Grifols Panther
Babesia species NAT Grifols Panther
Anti-T. cruzi Abbott Alinity s

Blood 
Typing

ABO/Rh Diagast PK7400
HLA Class I and II Immucor GTI Gemini
RBC Antibody Screen Immucor Neo Iris
Antibody Identification QuidelOrtho Vision

Donor 
Health

Triglyceride Beckman Coulter AU680
A1C Abbott Alinity c
Ferritin Beckman Coulter AU680

# used for source plasma only

Marker Test Vendor System

Classic 
Agents

HIV/HCV/HBV NAT Grifols Panther
Anti-HIV-1/2 Combo Abbott Alinity s
Anti-HCV Abbott Alinity s
HBsAg Abbott Alinity s
Syphilis RPR Arlington ASI 
HAV/B19 NAT Grifols Panther
HAV/B19 NAT (recovered) Roche c6800

Donor 
Health

Serum Protein Sebia Capillarys
ALT

Of Note:
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Safety of Blood Components versus PDMPs 

• “In the concept of “Tripod” of safety measures — 1) donor 
selection, 2) donation testing and 3) pathogen reduction—it is 
the systematic inclusion of robust pathogen 
inactivation/removal steps in the manufacturing process 
which have brought the safety of plasma derivatives to its 
current status [Turecek 2022]. 

• In the case of fresh blood components, this fundamental 
element of the “tripod” is still lacking in most transfusion 
practices. 

• PR uptake has been limited to specific countries, frequently 
during topical, restricted outbreaks of infectious agents.
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Advances in Blood Safety Have Progressively Reduced 
the Risk of Transfusion-Transmitted Infections

HIV-Ab

(1985)

HIV MP-NAT 

(1999) 

HCV-Ab 

(1990)

HCV MP-NAT

(1999)

HBsAg 

(1971)
HBcAb 

(1986)

HBV MP-NAT 

(2009)
HIV p24 Ag

 

Adapted from Busch Blood 2018
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T. cruzi Ab

(2007) Babesia-NAT

(2018)

WNV-NAT

(2003)

ZIKV-NAT

(2016-21)

EID

Bacterial Risk Control Strategies 

for Platelets

(2020)Bacteria

➢Blood safety heavily relies on blood screening
➢Pathogen Reduction is now part of the tools available 
✓Both can be used to ensure blood safety and availability



Challenges
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Redundancy Of Mitigation Strategies
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Context:

• From MSM deferral to gender neutral 
selection:
o <2013 indefinite MSM deferrals

o 2013-2016: 5 years

o 2016-2019: 12 months

o 2019-2022: 3 months

o >2022: Gender neutral (3 months if anal sex 
with new multiple partners)

• Canada implemented INTERCEPTTM Blood 
Systems for Platelets

• Removal of sexual risk questions?

Increased risk 
of HIV TTI?

Covered by PR?

Embarrassing?

Retain donors

Increasing Donor Inclusion and Blood Availability While Maintaining Safety 
Relaxing/Replacing Sexual Risk Deferrals

➢ PRT – An added benefit to eliminate sexual risk behavior questions?
• Probabilistic Risk Model
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Risk under [Deferrals + Tests] vs. [Tests + Partial PR] vs. [Tests + Universal PR] 

➢ PRT – An added benefit to eliminate donor deferrals for sexual risk behavior



The Risk With Mosquito-Borne-Agents
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➢ Outbreaks are unpredictable
➢ Most probable in vector-

endemic areas
✓ Use multiplexed blood

screening assays
✓ Use PR for preparedness

ZIKV Emergence

OROV

2016-2021



Availability

Cost

A Balancing Act
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Safety
Availability

Cost

Deferred 
Donors

Remove Deferrals

Add Tests (Universal)
Add PRT

Autochthonous outbreaks 
Travel to endemic areas:
- Mosquito-borne agents (Malaria, others)

Safety



Life Saving Products
• Donor recruitment efforts

• Volunteering or paid donors

• Donor selection process 
o Sexual risk
o Geography (country of origin, 

travels)
o Clinical 

• Donation screening (based on TTI 
risk)

o Bacteria
o Viruses 
o Parasites

• Processing/Manufacturing
o Leukoreduction
o Irradiation
o PR
o Fractionation

• Distribution , shelf-life and inventory

Added Cost

New challenges → New mitigations

• Bacterial risk
o Culture based screening vs. PR

• Undisclosed sexual risk, HIV status, drug 
intake
o Undetectable by NAT/Seroreversion

o + PR

• Climate change and vector distribution 
o Vector-borne agents risk deferrals

o Multiplexed NAT

o +New assays vs. PR

• EID preparedness
o Horizon scanning 

o Cost of development

o Regulatory timeline

Added Benefits

• Add screening assays: 
o Remove some deferrals (Malaria, WNV EU, 

Babesia)

o Tests allow for surveillance (multiplexed)

• Add PR 
o Remove donor deferrals (Babesia, Malaria, 

ZIKV, HIV/HBV/HCV risk) 

o Remove testing (bacteria, Babesia, Malaria, 
ZIKV) 

o Remove serology testing? 

▪ NAT+PR?

o PR covers the risk with EID 

• Cost-benefit analysis models 
o Relative cost of blood in the overall 

treatment protocol  (cell therapy patients)

o Legal implications of TTIs
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Cost of Blood



Risk estimate Implementing New Tests Implementing/Capitalizing on PRT
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Risk and Cost-Benefit Analysis Models

Curr Opin Virol. 2023;63:101377

Lancet Planet Health 2025; 9: e304–13



A Balancing Act
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• Blood Safety tripod

• To  manage blood safety, availability, and sustainability 

• Using the redundancy of measures

• To mitigate the risk under specific operations, 
geographies

• In resource constraints environment

• Cost considerations → cost benefit analysis models

• Select complementing mitigation strategies

• For maximum cumulative benefits

Donor Screening

Blood Screening

Pathogen Reduction
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