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Background
• Despite best efforts, recipient risk from transfusion persists

– Chronic disease/age increases risk due to ↑ # of transfused units

– Initiatives to ↓ risk by ↓ the number of transfused units or evaluating 
whether transfusion is indicated

• Risk derives from both known and unknown pathogens

• Blood safety currently relies on multiple overlapping measures that include 
donor health/risk history => deferrals, and donation testing => deferrals

• The testing approach requires the continued addition of tests (NAT and 
serology), increasing complexity and cost

• Deferrals and complicated reentry algorithms reduce the pool of available 
donors

• If sufficiently robust, Pathogen Inactivation can 

– Help eliminate some gaps and replace some of the safety procedures 

– Reduce the risk of emerging viruses 

– Reduce/eliminate bacterial risk in platelets

– Reduce/eliminate some non-infectious risks 3
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http://www.aabb.org/resources/bct/eid/Pages/default.aspx

• List and prioritize EIDs

lacking a current effective

intervention & posing a 
potential threat to transfusion 
safety

• 68 agents identified and Fact 
Sheets developed

• New Fact Sheets added; 
others updated

Highest Priority Agents:

Dengue viruses

Babesia

vCJD

August 2009;99:1S-29S

http://www.aabb.org/resources/bct/eid/Pages/default.aspx


Updated Pathogen Inactivation 
(Supplement 2013-Jan 2018) 

• Clinical Trial tables and listing of countries where 
PR products are in routine use

• E.g., INTERCEPT Blood System (e.g., platelets) in 
routine use in >30 countries (Jan 18) with 
approved indications of:

– Inactivate broad spectrum - viruses, bacteria, parasites

– Inactivate contaminating donor leukocytes

• Used as an alternate to gamma irradiation

• Used in place of serology and LR for TT-CMV

• Also will reduce alloimmunization, FNHTRs
5



US INTERCEPT Blood System Use
January 2018

Routine use

Under contract

Approved BLA

GulfCoast

OBI

 SunCoast
 LifeSouth
 OneBlood
 Winter Haven Hosp.

Shepeard

 ARC Charlotte
 CBC Carolinas

Heartland

 CBC Appleton
 BC Wisconsin

BCA MI 
Blood

 ARC Farmington
 ARC Dedham
 Rhode Island BC

Blood Center
of New Orleans

Miss. Valley

CBCKC

Mayo

BSSM (PR)

Bonfils

Bloodworks NW

• Atlanta Blood Services
• ARC Douglasville

 NIH
 Anne Arundel
 ARC Baltimore
 Walter Reed

INOVA Blood Services

• Lifeline
• Blood 

Assurance

UBS - BSI 
Phoenix

Naval Hospital Guam

ARC Peoria

BCA Indiana

IBR

ARC Great Falls

• ARC Durham
• Naval Hospital Camp Lejeune
• Virginia Blood Services

ARC Tulsa

ARC Portland

• ARC Philadelphia
• ARC Johnstown
• Central PA BB
• ITxM Pittsburgh

UBS BSI El Paso

ARC Salt Lake

• ARC Madison

Naval Hospital Okinawa

UC Health

 Unyts
 NYBC
 ARC Norfolk
 ARC W. Hen
 Roswell

ARC St. Paul

ARC St. Louis

 NWPA Community BB
 Delmarva
 CBS Bergen

ARC Norfolk

Meek BC

The Blood Connection

ASEM (PR)

• ARC Columbus
• ARC Cleveland
• Hoxworth

 ARC Oakland
 BCA Central CA
 ARC-Pomona
 Stanford

• BSI BloodSource
• UBS BSI Ventura/SLO
• Naval Medical Center SD

Lifesource

 St. Jude Children's 
Research Hospital

 ARC Nashville



Donor/Donation Screening (US Focus)
• Health histories related to ID risk 

– Can any donor screening questions be 
removed/modified/reduced in complexity with PI?
• MSM from ever=>12 mos (US, Canada, other) =>3 mos (UK) =>behavior 

based ???
• Other risk behaviors (IDU, STDs, sex for money/drugs)
• Hx of hepatitis after the age of 11 (eliminated); sensitive tests for HBV, 

HCV; no other causes of chronic TT-HBV (current: deferral for 1 year 
after disappearance of symptoms)

• Hx/dx of Chagas disease (eliminated; 0.4/billion), Babesia (licensed 
tests/should be able to eliminate)

• Travel to a Leishmania-endemic area
• Travel/residence or having had malaria
• Other (country specific)

• Tests performed
– What tests can be eliminated with PI?
– Can algorithms for screening, donor deferral/reentry be 

modified?
– Can we avoid adding new tests? 7



Donation ID Screening in the US (ARC)
Routine testing for 10 ID agents using 13 screening tests on 6 screening 

platforms and 19 supplemental platforms/tests

*Not performed on all donations

Infect Disease 
Agent

Serology-Based Screen + Suppl
Nucleic Acid-Based 

Screen + Suppl

HIV-1/2 1 (PRISM)+3 (IFA, EIA, rapid test) 1 (MP-TIGRIS) + 1 (PCR)

HCV 1 (PRISM) + 1 (EIA) 1 (MP-TIGRIS) + 1 (PCR)

HBV 2 (PRISM)+ 2 (neut [Ag], PCR [Ab]) 1 (MP-TIGRIS) + 1 (PCR)

HTLV-I/II 1 (PRISM) + 2 (WB + EIA) 0

T. pallidum 1 (PK7300)+ 2 (EIA => RPR) 0

T. cruzi* 1 (PRISM) + 2 (ESA + EIA) 0

WNV 0 1 (MP=>ID-TIGRIS) + 2 (PCR+Ab)

ZIKV (IND) 0 1 (ID-Panther, MP?) +2 (PCR+Ab)

Babesia 1 (AFIA) 1 (PCR)
MP-Panther (IND) +2 (PCR+Ab)

CMV* 1 (PK7300) 0

Total 9  +  12 4 + 7
8



Per Unit Residual Risk for ARC Donations

Incidence Rate

(/100,000 PY)
X

Infectious 

Window Period 

(days)*

= Residual Risk

2008-2009 HIV

HCV

HBV

4.27

6.18

4.27

9.1

7.4

30.0

1:939,342

1:798,128

1:284,934

2014-2015 HIV

HCV

HBV

1.65

1.84

1.26

9.1

7.4

18.5

1:2,430,902

1:2,680,670

1:1,565,852

*Between the first and last time periods of the study, the infectious window period of HBV decreased.

Incident donors significantly more likely to be: 
Male

Caucasian
Age 18-24 (HIV), 18-39 (HCV), ≥40 years (HBV)

Crowder et al., AABB 2017



10

1:250
1:833-1:1333
1:333
1:370
1:667



Cumulative Infectious Transfusion Risk 

11



N=57

12

NAT



HIV Window Period Transmissions in the US: 
during the 9-day WP (with NAT)

All identified by Lookback

Year        State Component     No. Pos Recipients
2000          TX                RBC 1
2002          FL            RBC/FFP 1/1
2002          MD         RBC/FFP 0/1
2006          GA          RBC/FP24 0/1
2008          CO               FFP                           1

Thus, in total there were 5 wp donors from which 
6 of 8 recipients of their products tested HIV pos 

(2 RBC and 4 FP with 2 RBC testing negative) 13



14th TT-WNV



State
#  Positive

donors

Connecticut 19

Massachusetts 18

Maine 6

Maryland 1

New Hampshire 5

New Jersey 8

New York 10

Pennsylvania 5

72 of 80 Babesia-implicated donors reside in New England or
Mid-Atlantic states



Models vs. observed
HIV + donations before/after MSM deferral changes

Yang (FDA 2)

Anderson (FDA 1)

Davison (England)

Soldan (England)
Germain (Canada)

Expected HIV pos. donors 
(England + Canada + Australia 

combined using assumptions

in each model)

Observed HIV pos. donors

Modified with permission from Germain M.  Transfusion.  2016.  
Presented by L. Katz; AABB 2017

Years relative to deferral change
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Quarterly Consensus Positive Rates
Rate per 10k with 95% CI for HCV, HBV and HIV

RF: 2011-2012
3 Centers

TTIMS: 2015 Sep – 2017 Q1
All Centers

17Steele et al. AABB Annual Meeting 2017
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Viral Load Distributions of two classes of HIV Confirmed Positives 
N = 341 (1999-2013)
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Viral Load Distributions of HCV Confirmed Positives
N = 289 (1999-2013)
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Viral Load Distributions of three classes of HBV Confirmed Positives 
N = 2,526 (2009-2013)
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HBV reactivity of 1,368 infected ARC donations, 
12.8 million donations 

July 1 2009 to June 30 2011*

Abbott PRISM 

HBsAg-

confirmed 

positives

Abbott PRISM anti-

HBc-repeat reactives

Grifols Ultrio MP-NAT-

confirmed positives

238

876

2
187

5

3525

941

1,336

1,090

*defined as HBV MP- or ID-NAT reactive 21



HBV reactivity of 2,035 infected ARC donations, 
22.4 million donations

July 1 2011 to June 30 2015*

Abbott PRISM 

HBsAg-

confirmed 

positives

Abbott PRISM anti-

HBc-repeat reactives

Grifols Ultrio/Ultrio Plus 

MP-NAT-confirmed 

positives

361

1346

6
215

29

4335

1,453

1,965

1,602

*defined as HBV MP- or ID-NAT reactive 22



HBV reactivity of 2,035 infected ARC donations, 
22.4 million donations

July 1 2011 to June 30 2015*

Abbott PRISM 

HBsAg-

confirmed 

positives

Abbott PRISM anti-

HBc-repeat reactives

Grifols Ultrio/Ultrio Plus 

MP-NAT-confirmed 

positives

361

1346

6
215

29

4335

1,453

1,965

1,602

*defined as HBV MP- or ID-NAT reactive 23

HBV Yield Summary, 2009-15
8 HBsAg only/35 million donations = 1/4.4 million 
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Viral Load Distributions according to the development of WNV 
markers in Confirmed Positives 

N = 1477 (2003-2012)
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Staging of ZIKV NAT yield cases with valid IgM results
Williamson, Busch et al., AABB 2017

Black Symbols = Puerto Rico (n=306)
Red Symbols = Continental US (n=19)

>10^10
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Dengue Confirmed Positive Donor Viral Load Distributions,
N = 21 (2010-2013)
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Parasite DNA Distributions in Babesia Confirmed Positives,
N = 92 (June 4 2012-Aug 31 2016)
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Lets assume 5 – 6 log reduction of known agents; exceptions 
may be bacterial endospores (not linked to clinical disease) 
and nonenveloped viruses – B19, HAV, HEV (NAT likely needed 
to ↓ viral loads)

Caveat:  
• Reported PI values for many are “> than” and the true limit is 

not known
• Titer of copies/mL is not an accurate representation of 

infectivity assays (at least 2 logs ↑ than infectivity assays)
• In vitro infectivity assays do not always correlate with in vivo 

infectivity



ZIKV Inactivation using INTERCEPT

 Inactivation of infectivity levels corresponding to viral loads higher than the 
maximum viral load reported using the same calibrated assay in 
asymptomatic blood donors in French Polynesia (6.91 log10 copies/mL)

Inactivation of ZIKV Infectivity
(Log10

TCID50/mL)

Corresponding 
viral load
(Log10 copies/mL)

Corresponding
viral load
(copies/mL)

Plasma1 >6.57 10.25 1.8 x 1010

Platelets  (PAS)2 >4.42 7.46 2.9 x 107

RBC3 >5.99 7.75 5.6 x 107

Mean Asymptomatic 
donors1

NA 4.85±1.0 7.1 x 104

1Aubry et al.,           Transfusion 2016
2Santa Maria et al.,  Transfusion 2017
3Laughhunn et al.,    Transfusion 2017



Arobviral Inactivation using INTERCEPT

• Robust inactivation of DENV, CHIKV and ZIKV in all three blood components 

• Recent data demonstrate inactivation of the vaccine strain of yellow fever and 
Mayaro virus

The system can be implemented in endemic areas in a proactive manner before an 
outbreak occurs or at the early stage of an outbreak 

Lack of availability of high sensitivity screening assays worldwide

Arbovirus
Log10 Reduction

Plasma Platelets RBC

WNV >6.8 >6.0 NA

DENV >5.6 >4.3 >6.6

CHIKV >7.6 >6.4 >7.1

ZIKV >6.6 >4.4 >5.8 

YFV (strain 17D) NA >5.9 NA

MAYV NA >6.9 >6.2

RRV NA >5.1 >5.5



WNV Window Period and Effect of PI

PI



PI: Mitigating the Risk of Bacterial Sepsis

• Data from 3 National Hemovigilance Programs
• Before and after adoption of INTERCEPT

34

1:41,000



• Oct 2012-13 => 225,000 donations HEV RNA screened (MP 24)

• 79 (1:2848) HEV gt 3 pos => 129 blood components =>                     
62 transfused => 43 recips followed => 

18 (42%) HEV RNA pos

• Infection more likely if higher viral loads 

• Immunosuppression delayed or prevented

seroconversion

Although viral loads generally low (<106 IU/mL), 

inactivation resistant, thus PI ineffective

35

Transx Non-transx



Proposal
• Most agents inactivated at 5-6 log reduction level 

based on infectivity models (INTERCEPT); however, 
there are exceptions: B19, HAV, HEV

• Regardless of pathogen burdens, should easily be 
managed by NAT+PI, where NAT eliminates high 
pathogen loads and remainder is inactivated

– Why should we retain serology?

– Likely want to retain MP-NAT: HIV, HBV, HCV, WNV, ZIKV

• Can we move to a MP-NAT-only paradigm with PI?

– MP-NAT for screening minus serology

– Reentry by ID-NAT/serology including 

• Deferrals for testing/health histories 36



ID Testing in the US – Post Universal PI
Routine testing for 10 ID agents using 13 screening tests on 6 screening 

platforms and 19 supplemental platforms/tests

*Not performed on all donations

Infect Disease 
Agent

Serology-Based Screen + Suppl
Nucleic Acid-Based 

Screen + Suppl

HIV-1/2 1 (PRISM)+3 (IFA, EIA, rapid test) 1 (MP) + 2 (serology; alt NAT)

HCV 1 (PRISM) + 1 (EIA) 1 (MP) + 2 (as above)

HBV 2 (PRISM)+ 2 (neut [Ag], PCR [Ab]) 1 (MP) + 2 (as above)

HTLV-I/II 1 (PRISM) + 2 (WB + EIA) 0

T. pallidum 1 (PK7300)+ 2 (EIA => RPR) 0

T. cruzi* 1 (PRISM) + 2 (ESA + EIA) 0

WNV 0 1 (MP) + 2 (as above)

ZIKV 0 1 (MP) + 2 (as above)

Babesia 1 (AFIA) 1 (MP) + 2 (as above)

CMV* 1 (PK7300) 0

HEV 1 (MP) + 2 (as above)

Total 9  +  12 5 + 14
37



Routine Use of Pathogen Inactivation for all 
components could change the way we ensure blood 

safety tomorrow
• Proactive vs Reactive - protect from EIDs before identification

• Close Window Periods and eliminate occult infections

• Reduce/eliminate bacterial transmissions

• Simplify testing, donor deferral/reentry policies

• Decrease # donor deferrals

• Protect from intracellular pathogens that avoid immune 
detection

• Stop transmission of nucleic acids with unrecognized, or 
underappreciated functions

• Reduce/eliminate alloimmunization

• Single inventory?
38


