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dynamics in blood and transfusion infectivity 
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Apr. 2016  
Roche NAT for blood screening (IND) 

July 2016 
Grifols/Hologic NAT for blood screening (IND) 

Aug. 2016 
FDA revised guidelines  

Feb. 2016 
FDA guidelines 
WHO guidelines  

Mar. 2016 
FDA-approved INTERCEPT TM (Cerus) 

Lanteri, Stone & Busch. Transfusion 2017 



BSRI study to support evaluation and 
implementation of ZIKV screening in US toward 

Stone et al. Transfusion 2017 



Lanteri et al. Transfusion 2016 

Analytical sensitivities of potential blood screening and diagnostic 
ZIKV RNA assays  available in early 2016 



369 (0.32%) of 116,012 tested in 2016 

                                                                                                                
                                                                                                                
                                                                            

ZIKV RNA Reactivity in Blood Donors in Puerto Rico to Nov 4, 2017 

Williamson et al., 2017 AABB meeting 



Confirmed positive index donations with conclusive serological results  
31-35% were IgM seropositive (n=311) 

IgM status relative to viral load of 
Puerto Rico index donations 
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Williamson et al., 2017 AABB meeting 



IgM- IgM+               

  MP- MP+ MP- MP+ Total   
ID-NAT 

Only 
(%)   

IgM 

Reactive 
(%) 

Apr 0 10 1 4 15   1 (6.7)   5 (33.3) 

May 1 16 6 5 28    7 (25.0)   11 (39.3) 

Jun 4 44 12 7 67   16 (23.9)   19 (28.4) 

Jul 4 40 16 1 61   20 (32.8)   17 (27.9) 

Aug 4 53 14 4 75   18 (24.0)   18 (24.0) 

Sep 0 16 15 3 34   15 (44.1)   18 (52.9) 

Oct 2 5 7 2 16   9 (56.3)   9 (56.3) 

Nov 0 9 6 0 15   6 (40.0)   6 (40.0) 

Dec 0 1 4 3 8   4 (50.0)   7 (87.5) 

Total 15 194 81 29 319   96     110   

Classification of MP+/ID only ZIKV NAT yield 
cases samples relative to IgM Status  



54 ZIKV Confirmed Positive US Blood Donations 
Data collected under IND  

To Nov 4,  
No. Screened 

No. Reactive  No. Confirmed  

13,580,225 469 
1:30,000 

54 
1:251,500 

PPV: 11.5% 
Specificity: 

99.997% 

Alt NAT pos or eqv/IgM neg 10 

Alt NAT pos or eqv/IgM pos   7 

Alt NAT neg/IgM pos 37 
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Staging of ZIKV NAT yield cases with valid IgM results 

Black Symbols = Puerto Rico (n=306) 
Red Symbols = Continental US (n=19) Williamson et al., 2017 AABB meeting 



Estimate of ID-NAT detection period, pre-IgM 
seroconversion window period 

• We estimated the mean duration of NAT-reactivity of Zika virus in 
human blood, and subsequently use this estimate to update the 
annual incidence estimate of ZIKV infections in Puerto Rico in 2016.   
A three-analysis sequence is used to accomplish this: 

 

1. Estimate the doubling time of replication of ZIKV in macaques 
from experimental data (data not shown) 
 

2. Extrapolating the doubling time estimate found in macaques 
to humans,  we use observed data from blood donors to 
estimate the distribution (including the mean) of the duration 
of NAT-reactivity 
 

3. Use the distribution of the mean duration of NAT-reactivity to 
update the incidence estimates in Chevalier, et al.1 

1 Chevalier et al. Emerg Inf Dis. 2017;23:790-94.   



Zika viral dynamics is Rhesus Macaques to estimate doubling time 

log(Viral Load / 100) by Day for 18 experimentally infected macaques, 
ID numbers shown in panel banners. Dose (virus particles per mL) is 
indicated by colors, identified in the legend. Only the filled circles are 
used in the estimation of the doubling time. The fitted, mean line is 
shown as the dashed, gray line. 



Viral load and estimated time from infection for NAT yield 
donors detected pre-IgM seroconversion 

Brad Biggerstaff & Don Brambilla 



Days Post NAT-Reactivity to IgM 



Estimate of Incidence in Puerto Rico 
• NAT yield data was transformed in to incidence for PR utilizing the 

empirically based estimate of pre-seroconversion NAT detection 
period using the methods of Biggerstaff1 

1 Chevalier et al. Emerg Inf Dis. 2017;23:790-94.   

Analysis yields estimate of 595,938 (95% CI 512,859 - 682,167) ZIKV infections in PR in 2016 . 
With population size 3,638,773, estimated incidence for 2016 of 16.4% (95%CI 14.1% - 18.7%) 



 US Natural History Cohort of Zika Virus (ZIKV) RNA 
Positive Blood Donors 

Objectives:  
Evolution of viral and immunological markers over 

time 

Distribution and compartmentalization in blood and 
body fluids 

Evaluate the viral and immune mechanisms leading 
to viral clearance or clinical pathogenesis  

Evaluate clinical outcomes post donation  

Establish a sharable biorepository 
 Characterize the performance of existing and future assays and 

provide standards for assay development 

 Working with government agencies, industry and academic partners 

17 



 US Natural History Cohort of Zika Virus (ZIKV) RNA 
Positive Blood Donors 

Study Design: Natural history cohort of ZIKV NAT-
positive blood donors followed prospectively for 12 
months (index + 7 follow-up visits) 

When: Launched in June 2016 with accrual through Sept 
2018 
 Extended 1 year in anticipation of 2018 Zika outbreak 

Where: Puerto Rico, OneBlood, BSI, NYBC, ARC  

Sample size: 130 ZIKV+ donors  
 (80 DENV Ab+; 50 DENV Ab-) 

18 



6 symptomatic travelers 
Serum - 3 days 
WB - 2 months 
Urine  - 26 days 

5 Asymptomatic donors 
Plasma - 10 days (range 7–37) 
WB -22 days (range 14–100) 
VL higher in whole blood 
 

15 donors w/ acute Zika inf 
Whole blood, semen – 4 months 

Stone et al., 2017 AABB meeting 



Higher levels of ZIKV RNA in red cells vs plasma in IND study 
donation samples after IgM seroconversion 
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• Early analysis showed longer persistence of Zika RNA in RBC vs plasma 
• Triggered RBC testing for IND and focus on RBC persistence in the REDS-III 

longitudinal follow-up study 

Stone et al., 2017 AABB meeting 
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Longer persistence of ZIKV RNA in whole blood and RBC 
than in plasma and body fluids 
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~25% 

Stone et al., 2017 AABB meeting 



Increased sensitivity detection of ZIKV RNA in plasma and whole blood by 
blood screening NAT assays relative to confirmatory qPCR/VL assay 

Grifols TMA testing performed only on follow up 

Grifols TMA BSRI confirmatory qPCR 

LOD95 7.5 (4.1, 11.3) LOD95 109 [56.4, 176] 

LOD50 1.5 (1.1, 2.1) LOD50 15.8 [11.2, 22.2] 

22 

Replicate testing extends the period of reactivity 
Stone et al., 2017 AABB meeting 
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0 10 20 30 40 50 60 70 80 90 100 110 160 170 180 

Durations of time to detection and clearance of ZIKV RNA 
and IgM since NAT+ plasma of 25 donors IgM- at index 

ZIKV Ab Seroconversion (7.7 days) 

pRBC (2.0-85.9 days) 
Plasma NAT (0-11.7 days) 

Whole blood 
Grifols ≥1/2 (0-104.8 days) 
Grifols 2/2 (0-74.2 days) 
Confirmatory PCR (0-73.5 days) 

Compartment Assay Interval* Mean	(CI)	days

plasma MAC	ELISA	IgM IgM	detection 7.7	(6.1,	9.2)

RBC BSRI	PCR RNA	detection 2.0	(0.8,	3.3)

plasma Grifols	≥1/8	pos RNA	clearance 34.8	(19.9,	56.2)

plasma Grifols	≥4/8	pos RNA	clearance 11.1	(9.2,	14.4)

plasma BSRI	PCR RNA	clearance 9.9	(8.1,	12.0)

RBC BSRI	PCR RNA	clearance 85.9	(58.4,109.6)

WB Grifols		≥1/2	pos RNA	clearance 104.8	(76.7,	129.9)

WB Grifols	2/2	pos RNA	clearance 74.2	(43.8,	104.9)

WB BSRI	PCR RNA	clearance 73.5	(39.8,	107.5)

*	Since	plasma	NAT	detectable	infection



Relative durations of persistence in blood compartments  

Plasma  

PCR 
Grifols >1/8 
Grifols >4/8 

RBC 

PCR 

Zika IgM 

IgM MAC ELISA 

Whole Blood 
PCR 
Grifols >1/2 
Grifols >2/2 



Implications of Zika persistence in blood 
compartments and body fluids 

1. For acute infection, the use of whole blood extends the 
period of diagnosis 

2. Impact on donation policy: to extend deferral period or 
consider NAT testing whole blood 

3. Consideration for solid organ donation with potential 
reservoir for viral replication 

4. Could testing whole blood or RBC be used as proxy for 
persistence in semen and sexual transmission risk? 

 

 



DENV IgG negative donor 

Zika Ab response is brisk but wanes and weaker when DENV Ab- 

ZIKV IgM
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• Strong but waning neutralizing response in primary and secondary 
infections with strong DENV cross-neutralizing responses 
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Is RBC-associated ZIKV RNA infectious?   
1. No documentation of infectious RBC associated virus after plasma RNA 

clearance  

2. Attempts at inoculating ZIKV RNA+ RBC  
• Onto susceptible cell lines  

• Into IFN- knockout mice 

• Feeding onto Aedes mosquitos  

• Infection of macaques and MID in progress 

3. Despite huge epidemics in Latin America and Puerto Rico and French   
 Caribbean Islands (with routine screening), no cases of TT linked 
 to RBC transfusions tested plasma NAT- have been detected  

Tentatively concluding: 
ZIKV RNA that likely became associated with erythroblasts in acute infection is 

not infectious 

plasma NAT screening is likely sufficient 

 

 



Analytical sensitivities of blood screening NAT assays 
when testing performed on Mini-Pools (MPs) 

Roche PI Grifols/Hologic PI 

95%LOD 8.1 [6.1, 13.6] 95%LOD       5.9 [4.3, 8.9] 

95%LOD MP6 49.0 [36.6, 81.6] 95%LOD MP16     94.4 [68.8, 142.4] 

Package Insert (PI) 95% LODs [CIs] adjusted to                           
MP6 (Roche) and MP16 (Grifols)  
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Zika Plasma VL pre/post seroconversion

IgM+IgM-

Index donations

MP- N=15

MP+ N=185

MP- N=79

MP+ N=24

Excludes 30 IgM inconclusive cases;  
5 tested neg on simulated MP6 testing  

ZIKV confirmed NAT yield donations in Puerto Rico sorted by IgM 
results & VLs, with reactivity by simulated MP6 (MP+, MP-) 

8.1% MP6 neg 77% MP6 neg 

Sensitivity 
of MP-NAT 



Estimate proportion of the pre-IgM NAT detection period 
that would be missed by MP-NAT  

• Based on doubling time (DT) of ZIKV RNA in the pre-IgM WP of 5.35 
hours from macaque infection data, and differential sensitivities of ID 
vs MP NAT (MP6 for Roche; MP16 for Grifols).   

• Estimate for mean duration from initial NAT-detectability to IgM-
positivity is 7.45 days (95% CI 6.66 - 8.28 days), while mean NAT-
detectability duration including pre-IgM and post-IgM stages is  
11.73 days (95% CI 10 - 14.46 days).   

 

• The ~7.5 day (180 hour) pre-IgM ramp-up stage would be reduced by 
2.5-4 DTs or 13.4-21.4 hours  

• 2.5 x 5.35 = 13.4 hrs for Roche with MPs of 6 (7.4% increased risk)  

• 4 x 5.35 = 21.4 hrs for Grifols with MPs of 16 (11.9% increased risk) 



 Characterization of transfusion-transmission of ZIKV in 
macaques (collaboration between REDS-III Central Lab (BSRI) 
and the UC Davis Primate Center)  

 Aims: 

 Dynamics of acute ZIKV TT infection in a macaque model 

 Characterization of minimal infectious dose for ZIKV in pre 
and post-Ab SC stages of infection  

 Characterization of the effect of pathogen-reduction on 
transmission— specifically at high viral loads 

 FDA and HRSA leveraging this study by extending monitoring of 
ZIKV infected macaques to investigate distributions/persistence 
in tissues and organs of interest 

Characterization of blood transfusion-

transmission of Zika virus in macaques  



Acute ZIKV Infection Dynamics in Blood in Macaques 

Coffey et al., PlosOne, 2017 



Aim 2A. Minimal infectious dose in ramp-up phase 

Plasma from ZIKV 

RNA+ IgM- blood donor 

Serial dilutions in 

macaque plasma 
Serial follow-up 

For ZIKV infection 

Aim 2B Minimal infectious dose in the presence of ZIKV antibodies 

Plasma from ZIKV 

RNA+/IgM+/IgG blood donor 

Serial dilutions 

Serial follow-up 

For ZIKV 

infection 

Intravenous 

infection 

of macaques 

Aim 3.  Analysis of efficacy pathogen reduction technologies Serial follow-up 

For ZIKV 

infection 

PRT of plasma Plasma from ZIKV RNA+ 

blood donors 

Re-challenge of 

uninfected animals 



Dilution in 

macaque 

plasma 

Viral load 

(IU/ml) 

In vitro infectivity 

(PFU/ml) 

Mouse 

infectivity 

adjusted to be 
equivalent of 

1ml 

Macaque 

infectivity 

using 1 ml 

A 228500 648 Not Tested Not Tested 

B 68500 396 Not Tested Not Tested 

C 27900 270 Not Tested Not Tested 
D 8900 72 6/6 infected 1/1 infected 

E ~7000 ~65 6/6 infected 1/1 infected 

F 3325 24 6/6 infected 1/2 infected 

G 813 4 12/12 infected 0/2 infected 

H 423 Below LOD 10/12 infected 0/2 infected 
I 130 Below LOD 4/6 infected 0/1 infected 

J 49 Below LOD (~0.2) 6/6 infected 0/1 infected 

K ND (~13) Below LOD (~0.04) 1/6 infected ND 

L ND (~5) Below LOD 0/6 infected ND 

 

Infectivity in macaques  

3325-8900 RNA copies/24-72 PFU infectious in macaques 

Equates to 17–45 RNA copies/ml in 200 ml plasma 



Summary of ZIKV Infectivity in Vero cells, 
immunodeficient mice and macaques 



Conclusions 
Use of MP-NAT with triggering to ID-NAT during 
autochthonous ZIKV outbreaks is appropriate because: 

• Window-period infections are detectable only by ID-NAT for a 
very short period 

• Blood is likely not infectious at very low VLs and once ZIKV 
neutralizing antibodies are detectable  

• Infectious antibody-negative period will have generally elapsed 
before those with travel-associated infections give blood 

• It is reasonable to anticipate very few local transmissions in the 
CONUS 

• In Puerto Rico, although ~80% of population still ZIKV susceptible, 
MP-NAT is sufficient to detect incipient outbreaks followed by 
conversion to ID-NAT 



The next ZIKV: MAYARO? Oropouche? 

 



Risk associated with the current YFV outbreak in 
Brazil and risk of propagation like ZIKV? 



French Aedes albopictus are able to transmit yellow fever virus  
(Euro Surveill. 2016 Sep 29; 21(39): 30361. PMCID: PMC5069433) 
 
http://www.iec.gov.br/portal/descoberta/ 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5069433/
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