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Emerging Infectious Disease Threats 

Revised Donor  
Deferral Criteria 

HBsAg 

Screening 

HIV Ab 
Screening 

NANB Hepatitis  
Surrogate Testing 

HCV Ab  
Screening 

P24 Ag Testing 

HCV & HIV NAT 
vCJD Deferral 

Criteria 

WNV NAT 

T cruzi Ab 
Screening 

HBV NAT 

Bacteria  
Detection 
(Platelets) 

ZIKV NAT 

Babesia NAT 

Risks of major transfusion-transmitted viral infections and 

emerging infectious agents of concern to blood safety

Busch MP, Bloch EA, Kleinman S.  Prevention of Transfusion Transmitted Infections. Blood 2019

Agents proven to be blood safety threats & 

interventions implemented

Established to be legitimate infectious 

agents but not TT or disease associated 

Alleged threats that were determined to not 

cause human infections
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Early dynamics of viral markers & infectivity





Test Failure Breakthrough Cases

Country
Blood 
Produ

ct

Screening 
Assay

50% 
LOD

95% 
LOD

Pool 
size

Cp/mL
Viral load 
method

plasm
a  mL

Estimated 
copies

Recipient  
Infected

Reference

Germany RBC In-house 96 6400 TaqMan 20 128,000 Yes Schmidt M et al.  Transfusion 2009;49:1836-1844
Germany RBC In-house 4.2 22.1 96 12800 TaqMan 20 256,000 Yes Chudy M et al. Transfusion 2012;52:431-9

Viral Load Below Detectable Level 
Japan FFP TaqScreen 4.1 28.0 20 4.1 50% LOD 240 984 Yes Shinohar N. Transfusion 2014;54:2361-2

USA FFP Duplex 2.1 15.6 16 33.6 50% LOD 200 6720 Yes Phelps R et al. Transfusion 2004;44:929-933
USA FFP Duplex 2.1 15.6 16 33.6 50% LOD 200 6720 Yes Stramer S et al. Transfusion 2003;43:Supplement :40-41A 

Spain
FFP-
MB

Ampliscr 4.3 22.1 44 135 Monitor 261 35235 Yes Alvarez et al. Transfusion 2016;56;831–836

Germany PLT In-house 24 0 TaqMan 240 0.001 No Kalus U et al. , Transfusion 2009;49:435-439
Singapore PLT No NAT 50 Probit 25 1250 Yes Ling AE et al. JAMA 2000; 28:4:210-214
Denmark PLT In-house 96 246 Abbott RT 25 6150 Yes Harritshoj Let al. Transfusion 2008;48:2026-28

Spain PLT Ampliscr 4.3 22.1 44 135 Monitor 65 8775 Yes Alvarez et al. Transfusion 2016;56;831–836

S. Africa RBC Ultrio 2.7 18.4 1 2.7 50% LOD 20 54 Yes Vermeulen et al. Transfusion 2019
Japan RBC TaqScreen 4.1 28.0 20 4.1 50% LOD 20 82 No Shinohar N. Transfusion 2014;54:2361-2

Brazil RBC in house 22.6 24 4.4 probit 20 87 Yes Salles  NA. Transfusion 2013;53:2593-5

Greece RBC No NAT 2.1 15.6 4 8.4 50% LOD 20 168 Yes Hatzakis et al. (personal communication, 2006)
Germany RBC Gfe Blut 96 23.6 20 472 No Muller B. Transfusion. 2013;53:2422-30

Thailand RBC TaqScreen 4.1 28.0 6 24.6 50% LOD 20 492 Yes Rujirojindakul P. Vox Sang 2015:109 Suppl 1 226 P-408 
S. Africa RBC No NAT 31 Probit 20 620 No Ferriera MCet al. Transfusion 2006;46:156-157
S. Africa RBC No NAT 31 Probit 20 620 No Ferriera MCet al. Transfusion 2006;46:156-157

USA RBC Duplex 2.1 15.6 16 33.6 50% LOD 20 672 Yes Phelps R et al. Transfusion 2004;44:929-933
USA RBC Duplex 2.1 15.6 16 33.6 50% LOD 20 672 No Stramer S et al. Transfusion 2003;43:Supplement :40-41A 
USA RBC Duplex 2.1 15.6 16 33.6 50% LOD 20 672 Yes Laffoon et al, MMWR 2010;59:1335-6

France RBC NuclAmpl 1.9 15.5 24 45.6 50% LOD 20 912 Yes Najiouallah F et al. J Med Virol 2004;73:347-349 
Singapore RBC No NAT 50 Probit 20 1000 Yes Ling AE et al. JAMA 2000; 28:4:210-214

Italy RBC No NAT 98 TaqMan 20 1960 No Zanetti et al. Transfusion 2007;47:1328-1329
Spain RBC Ampliscreen 4.3 22.1 44 135 Monitor 20 2700 No Alvarez et al. Transfusion 2016;56;831–836
USA RBC In-house 24 180 NGI b 20 3600 Yes Delwart EL et al. Vox Sang 2004;86:171-177

Denmark RBC In-house 96 246 Abbott RT 25 4920 Yes Harritshoj Let al. Transfusion 2008;48:2026-28
Japan RBC AmpliNAT 10.4 43.6 50 520 50% LOD 20 10400 Yes Satake M et al. Journal of Hematology 2004;80:306-10

HIV-1 breakthrough transmission cases

Nico Lelie, Lelie Research

MID50 estimated at ~ 50 virions by probit analysis  





Viral load dependent probability of HEV transmisison
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ID50 ≈ 280.000 IU

42% of transfused HEV positive blood products caused transmission

Infectious dose is higher in infectious transfusion

Estimated probablitly of transmission can be calculated



Residual risk of HEV transmission by NAT screened  

blood products

Plasma volumes:

• 10 ml (ery)

• 124 ml (platelets stored in PAS

• 322 ml (platelets stored in plasma)

• Unknown what products would have been made from HEV+ donations

• We do know the percentage of donations processed into each type of blood product
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HIV Viremia and seroconversion during early 
infection

HIV RNA (plasma) 
HIV Antibody 

11 

0 10 20 30 40 50 60 70 80 90 100 

HIV p24 Ag 

16 22 

Ramp-up viremia 

DT = 21.5 hrs 

 1st gen 
2nd gen 

3rd gen 

p24 Ag EIA - 

HIV MP-NAT - 

HIV ID-NAT - 

Peak viremia: 106-108 gEq/mL 

Viral set-point: 

102 -105 gEq/mL 

Busch et al. Am J Med. 1997



Fiebig Stages of Acute HIV Infection



Adapted from Owen et al J Clin Micro 2008 and Masciotra et al J Clin Virol 2011,2013 
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Data from plasma donors that  progressed from NAT positive to WB positive

used to construct a relative sequence of reactivity timeline





Keating SM, Pilcher CD, Busch MP: Clin Infect Dis. 2016.



Using Seroreversion as a Marker of Viral Suppression
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Pre-exposure Prophylaxis (PrEP)

How PrEP works

 TDF/FTC enters immune cells and 

are converted into active forms

 Two levels of protection

• Mucosal tissues

• Lymph nodes



PrEP RCT Findings – Incidence





Observational Studies:

• Kaiser Permanente North

• 0 seroconversions in 5104 py of follow-up

• 11 seroconversons among 1301 who no longer had PrEP in 

possession at end of follow-up

• Demo Project (SF, DC, Miami)

• 2 serconversions in 481 py of follow-up

• Both in persons who had not been taking prescribed PrEP

• SHIPP Study (Chicago, Philadelphia, DC, Jackson MS)

• 10 seroconversion in 1411 py of follow-up

• All in persons who had not been taking prescribed PrEP

HIV Infections in Persons Prescribed PrEP

Sources: Marcus Jl et al.. Clinical Infectious Diseases. 2017;65(10):1768-9;
Liu Ay et al. JAMA internal medicine. 2016;176(1):75-84.
Smith DK. Unpublished data



Incidence Assay Performance in Early HIV 
Infection

National HIV Curriculum at https://www.hiv.uw.edu/go/screening-diagnosis/diagnostic-

testing/

But what does PrEP do to the timing of positivity and 

interpretation of these tests??





Centers for Disease Control, Indiana University

University of Manitoba and University of Washington



Participant in SF PrEP Demo Project for at-risk MSM

HIV-uninfected at 2 pre-enrollment visits

• 21 and 13 days prior to PrEP baseline

• Pooled RNA neg, 4th gen EIA neg, rapid Ab neg

• Ongoing risk for HIV infection

“Eclipse” Phase HIV infection detected at PrEP baseline visit

• RNA 220 copies/mL, 4th gen EIA neg, rapid Ab neg

• Estimated ~10 days after HIV infection

Received PrEP (TDF/FTC) for 7 days, at which time PrEP baseline 

test results returned and conventional ART was initiated



SF Participant #1: Lack of Detectable HIV DNA in a PrEP Study 
Participant Treated Immediately After “Eclipse” Phase



SF Participant #1: Lack of Detectable HIV DNA in a PrEP Study 
Participant Treated Immediately After “Eclipse” Phase
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Identifying HIV-infected persons and facilitating early ART and PrEP

use is a major public health goal -- Ending the HIV Epidemic: A Plan for 

America Program 

Early ART leads to delayed antibody response or seronegativity, as well 

as suppression of viral RNA 

There is delayed seroconversion among people who used PrEP but 

become infected

Although blood donors are not supposed to donate if known to be HIV-

infected or on antiretrovirals (PrEP or ART), evidence from REDS-III 

South Africa and FDA TTIMS US studies that persons on ART donate

Emerging concerns over blood safety in detecting 

HIV infection if treated by ART/PrEP



NHLBI REDS-III Monitoring and Acute 
Treatment of HIV Study  (MATHS)

MATHS Goals:

1. Determine Fiebig stage at donation. For those identified as  Fiebig 

I or II initiate ART, and ascertain Fiebig stage at  therapy initiation.

2. Establish the size of the peripheral blood viral reservoir at

the initiation of ART and at defined time points on ART.

3. Conduct a “proof of concept study” to show how blood  donors 

identified as having “hyper-acute” HIV infection by  blood testing 

can be successfully linked to care with the  initiation of early HIV

treatment.

 Discovered that Potential Elite Controllers (HIV antibody+ but 

RNA-negative) were actually not Elite Controllers but rather 

HIV infected donors on ART



Discovery of “False Elite Controllers in SANBS

• Apparent increase in potential Elite Controllers since 2013

• Anecdotal evidence of Elite Controllers reporting  knowledge of 

HIV status and ART usage at enrolment into  MATHS cohort

• Loss of “Elite Control” by a MATHS participant
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 Led to a study to evaluate Potential Elite Controllers identified

by the South Africa National Blood System between 2010-

2016 for the presence of ART

 Frozen plasma from 226 Potential Elite Controllers tested 

using qualitative liquid chromatography tandem mass  

spectrometry (sensitivity 0.02µg/mL) for:

 Nevirapine, Efavirenz, Darunavir, Atazanavir, Lopinavir

 150 (66%) tested positive for at least one ART drug

Discovery of “False Elite Controllers”

SYKES W ET AL.  DISCOVERY OF “FALSE ELITE CONTROLLERS”: 

HIV ANTIBODY-POSITIVE RNA-NEGATIVE BLOOD DONORS FOUND 

TO BE ON ANTIRETROVIRAL TREATMENT. JID 2019

Discovery of “False Elite Controllers in SANBS
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Vermeulen M. Personal communication



Issue:  May not be able to detect HIV infections with usual HIV antibody and 

mini-pool NAT blood donor screening for donors on ART/PrEP

Emerging Questions for the US blood supply:

• What is the proportion of ART use among blood donors in the US?

• What is the proportion of PrEP use among blood donors in the US?

• Can the current HIV assays used in blood donor screening be further optimized?

 Additional studies warranted to evaluate:

 FDA Transfusion Transmissible Infections Monitoring System (TTIMS) program

 Proportions of blood donors who do not disclose ART (N=300 cases and 300 

controls) or PrEP use (N=1500 selected based on ZIP codes w high PrEP use).

 Improved strategies to encourage disclosure of ART/PrEP use, and decrease 

test-seeking behaviors

 Need for enhanced assays used for HIV donor screening

Emerging Concern for Blood Safety in the U.S.

Detecting HIV infection if treated by ART/PrEP









Courtesy of David Camerini, Antigen Discovery Inc.
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