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Abstract

Background: Zika virus (ZIKV) spread to Puerto Rico likely originated from southeast Brazil 

approximately 8.5 months earlier than blood donation screening for ZIKV was initiated, but the 

time of ZIKV introduction in the blood donor population remains unknown.

Methods: To better understand when arboviral infections first appeared in the blood donor pool 

in Puerto Rico, we retrospectively screened for ZIKV-RNA (as well as chikungunya [CHIKV] and 

dengue [DENV] viral RNA) a repository of 1,186 linked blood donor and recipient samples 

collected from February 2015 – May 2016 as an end-point efficacy measure following the 

introduction of platelet pathogen reduction (PR). Phylogenetic analysis identified relatedness of 

donor strain to other circulating strains, and molecular clock analysis identified the estimated time 

of introduction.

Results: An asymptomatic donor collected in December 2015 was ZIKV-RNA confirmed-

positive, 4 months prior to investigational nucleic acid testing (NAT) implementation in April 

2016; coincident and related to the first reported autochthonous cases. No CHIKV-RNA or DENV-

RNA reactives were identified in donors or recipients, and no adverse events reported from PR use 

in recipients. Phylogenetic analysis confirmed the molecular relatedness of the donor ZIKV strain 

to the Puerto Rico lineage likely introduced approximately 4.5 months earlier.

Conclusion: This study identified an asymptomatic ZIKV infection in a blood donor occurring 

prior to those previously recognized by blood donation screening. NAT and PR continue to be 

used as acceptable strategies to prevent transfusion-transmitted arboviral infections worldwide; 

however, repeated arboviral outbreaks warrant consideration of PR as a more proactive approach.
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INTRODUCTION

Zika virus (ZIKV) transmission in the Americas originated in Brazil in May 2015; however, 

phylogenetic, molecular clock analyses and computational modeling indicate that the virus 

was circulating at least one year prior7–9. The same studies inferred that ZIKV lineages 

disseminated from Brazil to Central America, Mexico, the Caribbean and the rest of South 

America7–9. ZIKV introduction to Puerto Rico likely originated from southeast Brazil 

approximately 4.5 months earlier than the first confirmed autochthonous case was published 

on December 31, 2015 and approximately 8.5 months earlier than ZIKV cases were 

identified by blood donation screening7–10. The index patient reportedly developed ZIKV-

compatible clinical symptoms on November 23, 201510. ZIKV nucleic acid testing using an 

investigational blood donation screening assay, the cobas Zika test [Roche Molecular 

Systems, Inc. (RMS), Pleasanton, CA], was initiated in Puerto Rico on April 3, 2016, less 

than four months following the first autochthonous ZIKV case, resulting in the rapid 

identification of ZIKV-infected but asymptomatic blood donors11.

At the suspected time of ZIKV introduction, outbreaks of chikungunya (CHIKV) and 

dengue (DENV) viruses were dissipating in Puerto Rico. Due to the absence of licensed 

blood screening tests and the risk of CHIKV and DENV transfusion transmission, the 

American Red Cross (ARC) partnered with Cerus Corporation to distribute pathogen-

reduced platelet concentrates starting February 2015 as part of Cerus’ investigational, 

prospective, open-label, “Treatment Use Study of Patient Safety Following Transfusion of 

INTERCEPT Blood-Platelet Components” clinical trial (TRUE). Given the temporal 

coincidence of the TRUE study and ZIKV introduction in Puerto Rico, we performed 

retrospective ZIKV RNA screening of repository samples collected between February 2015 

and May 2016, following their screening for CHIKV and DENV RNA12, to better 

understand the timeline of ZIKV introduction to the blood donor population.

MATERIAL AND METHODS

TRUE clinical study:

The TRUE clinical study protocol was reviewed and approved by the ARC institutional 

review board and cleared by the US Food and Drug Administration (Investigational Device 

Exemption Study Number: BB IDE 6200). The study was registered on clinicaltrials.gov 

with the identification code . The goals of the study were to provide early access to 

pathogen-reduced apheresis platelets and evaluate their safety, including the prevention of 

transfusion-transmitted infections, particularly from arboviral agents that repeatedly occur in 

large epidemics in Puerto Rico and the Caribbean (e.g., CHIKV and DENV).
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Sample collection:

Serum and/or plasma samples from consenting donors were obtained prior to INTERCEPT 

treatment to create a repository as part of the TRUE study. Recipients who consented to 

receive INTERCEPT-treated platelets had pre- and post-transfusion samples collected and 

stored at the ARC Scientific Support Office (SSO). Post-transfusion samples were collected 

as early as 0 days after transfusion, range 0-16 days, average 4.9 days, median 4 days. 

Donor-recipient linkage information was retained. Repository samples from 412 apheresis 

platelet donors and 116 recipients consisted of 1,278 whole blood samples collected by 

venipuncture in paired EDTA, clot and plasma preparation tubes (Fig. 1). Sample tubes were 

kept at 4 ⁰C until spun; sample spinning occurred <72 h post collection; the plasma and 

serum were separated from the cell pellet prior to storing frozen at −18 ⁰C. Samples were 

subjected to two freeze/thaw cycles.

ZIKV plasma sample screening:

Testing for ZIKV RNA was done at the SSO using the licensed cobas Zika nucleic acid test 

(cobas Zika), with a 95% limit of detection (LOD) of 8.1 copies per milliliter (c/mL) (95% 

CI: 6.1-13.6 c/mL) on the cobas 8800 System (RMS)13. Each sample was tested one-time 

individually. One of 1,278 samples tested initial ZIKV-reactive on the cobas 8800 System. 

This sample was retested once on the cobas 8800 System using the reactive sample tube. A 

paired serum sample was sent to the Wadsworth Center (New York State Department of 

Health) for ZIKV-IgM MAC-ELISA testing. Additionally, the amplification-detection (AD) 

plate for the initial cobas Zika reactive sample was sent to RMS for evaluation of amplicons 

by heminested (hn) PCR. The plasma sample was also tested using the Procleix Zika Virus 

Assay on the Procleix Panther System (Grifols Diagnostic Solutions Inc., San Diego, CA) 

with a 95% LOD of 3.9 c/mL (95% CI 3.2 – 4.8 c/mL)14. The donation was considered 

confirmed positive based on repeat cobas Zika reactivity, hnPCR positivity and Procleix 

reactivity.

Exploratory minipool testing:

Aliquots from the ZIKV confirmed-positive sample were further tested in duplicate in 

exploratory 6- and 16-sample minipools created by combining the positive sample aliquot 

with 5 or 15 equal volumes of negative samples, respectively, from routine NAT-nonreactive 

donation samples.

Estimation of Zika viral loads by standard curve analysis:

ZIKV RNA loads in ZIKV confirmed-positive samples were obtained by testing end-point 

dilutions of serum samples on the Procleix Zika Virus Assay on the Procleix Panther System 

as previously described15.

Phylogenetic analysis:

Using the metagenomic sequencing with spiked primer enrichment (MSSPE) method with 

short 13-nt ZIKV primers during the reverse transcription step as described previously9, 14 

million shotgun metagenomic reads were generated, of which 601 corresponded to ZIKV. 

The consensus donor ZIKV genome along with 90 ZIKV genomes with a broad geographic 
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representation of the 2014-2017 lineages from the Americas and the French Polynesian 

lineages from the 2013-2014 outbreak was aligned using the multiple alignment fast Fourier 

transform (MAFFT) algorithm, and phylogenetic trees were constructed using Phylogenies-

Maximum Likelihood (PHYML) software16.

Molecular clock analysis:

Molecular clock analysis with inclusion of 12 fully sequenced ZIKV genomes from the 

National Center for Biotechnology Information (NCBI) GenBank database as of October 

2018, including all Puerto Rico ZIKV genomes in GenBank, three representative Brazilian 

ZIKV strains from NCBI GenBank including a near neighbor to the Puerto Rico clade 

(KY785456 from Rio de Janeiro), and two French Polynesian strains as an outgroup was 

performed using Bayesian Evolutionary Analysis Sampling Trees (BEAST) software 

v1.8.117. Posterior probability distributions of the node corresponding to the lowest common 

ancestor of the Puerto Rico ZIKV strains were calculated and plotted using Tracer 1.7.118. 

The whole-genome donor ZIKV sequence has been deposited in NCBI GenBank (accession 

number 17421).

RESULTS

Of the 1,278 donor and recipient repository plasma samples, 1,186 were suitable for ZIKV 

screening on the cobas 8800 System. Of these, 976 samples were provided by 331 

plateletpheresis donors at the time of each donation (donor samples), 115 samples were 

collected from 115 transfusion recipients prior to being transfused with INTERCEPT-treated 

platelets (pre-transfusion recipient samples), and 95 samples were collected from 95 

recipients following transfusion (post-transfusion recipient samples). Among recipients, 94 

provided a pre- and a post-transfusion sample, 21 provided a pre-transfusion sample and 1 

had a post-transfusion sample that were suitable for ZIKV testing (Fig. 1). All samples 

tested for ZIKV RNA were non-reactive for CHIKV and DENV RNA12.

Of 976 donor samples tested, one (0.1%) was ZIKV-reactive and ZIKV confirmed positive 

by repeat cobas Zika (cycle threshold 36) and hn-PCR testing. The donation was collected 

on December 21, 2015, near the time of onset of the ZIKV outbreak on the island, and prior 

to the first publication of autochthonous cases (Fig. 2A, box). ZIKV RNA reactivity was 

also demonstrated by means of an alternate assay, Procleix Zika Virus Assay. The Procleix 

reactive result showed a signal-to-cutoff ratio of 32.30 against a cutoff for reactivity of 1.00. 

The donation was ZIKV IgM non-reactive, therefore classified as a presumptive window-

period donation. ZIKV RNA was detected in 100% of reactions tested in duplicate on the 

Procleix Panther System when a donation sample was mixed with ZIKV-negative samples 

mimicking a 6- or 16-sample pool, relevant given the transition of US blood donor ZIKV 

screening to mini-pool testing and the potential infectivity of window-period donations15. 

By standard curve analysis, ZIKV RNA loads in the donor sample at the time of donation 

were estimated at 2,000 c/mL, consistent with those previously reported for window-period 

donations15.

All 1,068 apheresis platelet donations collected in the study were subject to INTERCEPT 

treatment as part of the TRUE clinical trial prior to transfusion, including those of the 
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reactive donor; donor repository samples were collected prior to INTERCEPT treatment. Of 

the 976 donations screened for ZIKV, a total of 188 INTERCEPT-treated plateletpheresis 

donations from 141 donors were transfused to 106 of 115 recipients; the remaining 9 

recipients received INTERCEPT-treated plateletpheresis donation(s) from donors whose 

samples were not screened due to sample suitability issues (Fig. 1). None of the 115 pre- or 

95 post-transfusion samples tested reactive for ZIKV, including 9 post-transfusion samples 

from recipients of INTERCEPT-treated plateletpheresis transfusions from donors with 

unknown ZIKV infection status due to their donation samples being unsuitable for testing 

(Fig. 1).

The ZIKV confirmed-positive donor was a 50-year-old male who donated twice prior to the 

reactive sample, on March 9, 2015 and November 9, 2015; samples from both donations 

tested non-reactive by cobas Zika. No additional donations were made by this donor after 

December 2015 (Fig. 2A). The donor was a resident of Canovanas, Puerto Rico, a 

municipality with no confirmed cases of ZIKV infection at the time of donation10, but 

located in the Metro/San Juan Region (Fig. 2B, box), the area of Puerto Rico most severely 

impacted by the outbreak with 13 of the 30 (43%) ZIKV-confirmed population-based cases 

within the timeframe of this donation10. The proximity of this donor residence to Carolina, 

the municipality with the most cases on the island (n=4), supports the probable 

autochthonous origin of this case. Attempts to contact and interview the ZIKV confirmed-

positive donor to investigate symptom development compatible with ZIKV infection 

following the December 21, 2015 donation, and to obtain additional samples to evaluate 

donor seroconversion were unsuccessful. Likewise, we could not determine whether ZIKV 

infection in this donor was travel related.

To further investigate the phylogenetic origin and the molecular relatedness of the donor 

ZIKV strain to the Puerto Rico lineage, we performed phylogenetic and molecular clock 

analyses of the ZIKV sequence recovered from the donor’s sample. The phylogenetic tree 

positioned the donor ZIKV strain in the Puerto Rico clade (Fig. 3A, asterisk). Molecular 

clock analysis revealed that the donor ZIKV strain belonged to a subclade shared with strain 

KY785481 (Fig. 3B). The donor was found to be an early branching offshoot of the most 

common ancestral node giving rise of the 10Puerto Rico clade (Fig. 3B, double asterisk), 

which was predicted to diverge on August 4, 2015, approximately 4.5 months prior to the 

time of donation (95% highest posterior density interval, June 2 – September 28, 2015).

DISCUSSION

Retrospective screening of plasma samples collected at the time of ZIKV spread to Puerto 

Rico identified acute ZIKV infection in a plateletpheresis donor at the time autochthonous 

infections were recognized in the general population. Platelet donations collected at the 

ARC Puerto Rico during this period were subject to INTERCEPT pathogen reduction. No 

post-transfusion recipient sample tested ZIKV-reactive, including nine obtained from 

recipients of plateletpheresis transfusions from donors with unknown ZIKV status due to 

their donation samples being unsuitable for testing. Unfortunately, sample aliquots were not 

obtained from platelet collections following INTERCEPT treatment that would have allowed 

the clinical assessment of the effectiveness of ZIKV reduction; the implicated donation 
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outdated and was discarded. Nonetheless, infectivity studies demonstrate that ZIKV is 

highly sensitive to INTERCEPT treatment19. No INTERCEPT-related adverse reactions, 

including any transfusion-transmitted infection occurred as part of this study20. All donor 

and recipient samples tested non-reactive for CHIKV and DENV RNA consistent with the 

end of these concurrent outbreaks during the time of sample collection12. The total number 

of recipients in the repository from whom pre-transfusion samples were tested was 115 (Fig. 

1), although only 90 of the 115 recipients exclusively received PR-platelet transfusions with 

256 INTERCEPT-treated platelets. Thus, 25 additional recipients were represented in the 

repository receiving both PR-treated and imported platelets from the continental US20; 

however, this discrepancy has no impact on our testing results since no recipient was found 

to have ZIKV (or CHIKV or DENV) RNA.

The temporal and spatial coincidence of the ZIKV confirmed-positive donation with the 

beginning of the ZIKV outbreak and its occurrence in the Puerto Rico region with higher 

numbers of ZIKV cases suggest that this is the first case of autochthonous ZIKV infection in 

a blood donor. This observation, albeit supported by phylogenetic and molecular clock 

analyses that position the donor ZIKV strain in a subclade that was predicted to diverge from 

the most recent ancestral node giving rise to the Puerto Rico clade nearly 5 months prior to 

the report of the first autochthonous case in the general population, is limited by the absence 

of donor follow-up and travel history. Nevertheless, this study identified an asymptomatic 

ZIKV infection in a blood donor occurring at least 4 months prior to the implementation of 

blood donor screening11.

Nucleic acid testing and pathogen reduction continue to be used as acceptable strategies to 

prevent transfusion-transmitted arboviral infections worldwide; however, repeated arboviral 

outbreaks warrant consideration of PR as a more proactive approach.
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Fig. 1. Schematic of donor and recipient samples included in the TRUE repository.
Donors (412) enrolled in the TRUE clinical trial provided 1,068 plateletpheresis donations 

and matching donor samples (collected in paired EDTA, clot and plasma preparation tubes). 

Of these, 976 donor samples from 331 donors were suitable for retrospective ZIKV RNA 

screening. Only 188 donations from 141 donors whose donation samples were suitable for 

ZIKV RNA testing were transfused to 106 recipients who provided a suitable pre-

transfusion sample; of these, 86 also provided a post-transfusion sample.
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Donation samples (92) from 81 donors were unsuitable for ZIKV RNA testing including 

those transfused to nine recipients with pre-transfusion testing of whom eight also had their 

post-transfusion samples tested, and to 1 recipient whose pre-donation sample was 

unsuitable for testing but who provided a post-transfusion sample. Recipients (94) with pre-

transfusion samples tested for ZIKV RNA also provided post-transfusion samples. No pre- 

or post-transfusion sample tested reactive for ZIKV (or CHIKV or DENV) RNA.

A total of 788 donations outdated and were discarded. The single ZIKV confirmed-positive 

sample came from a platelet unit that was not transfused.
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Fig. 2. Geographic and temporal localization of the ZIKV confirmed-positive donor. (A) Donor 
and recipient blood donations tested for ZIKV from February 2015 to March 2016 (left bar 
graph) and reported ZIKV cases in Puerto Rico during the same time period (right bar graph).
Recipients that consented to receive INTERCEPT-treated platelets had pre- and/or post-

transfusion serum and plasma samples collected, frozen and retained for research relating to 

blood-borne pathogens. Surplus plasma and serum samples from consenting platelet donors, 

prior to INTERCEPT treatment, were also stored frozen and retained for future research 

following routine blood donation screening. Donor and recipient frozen repository samples 

were stored by the ARC with linkage of recipient to donor samples available pre- and/or 

post-transfusion of INTERCEPT-treated platelets to investigate possible infectious disease 

transfusion transmissions. The number of donor and pre- and post-transfusion recipient 

samples tested are shown grouped by collection month. Each sample was tested one-time 

individually. The red stars denote the time period during which the sample from the ZIKV 

confirmed-positive donor was collected. The red arrow refers to the date of the first reported 

autochthonous ZIKV case in Puerto Rico, December 31, 2015. (B) Municipalities of 
residence corresponding to 30 laboratory-confirmed cases of ZIKV disease from 
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November 23, 2015 to February 11, 2016. The municipality of the ZIKV confirmed-

positive donor identified in this study is denoted on the map with a red star. The box 

highlights the Metro/San Juan region; the area of Puerto Rico most severely impacted by the 

outbreak within the timeframe of this donation, with four cases identified in Carolina, three 

cases in San Juan, two cases each in Trujillo alto and Gurabo, and one case each in Bayamón 

and Caguas10.
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Fig. 3. Phylogeny and molecular clock analysis of the donor ZIKV strain. (A) Radial phylogeny 
of representative ZIKV genomes from the 2015-2016 epidemic.
The consensus donor ZIKV genome was assembled using Geneious software version 

11.1.321 by mapping the reads to the Puerto Rico strain KY785481. The consensus donor 

ZIKV genome (red boldface) along with 90 ZIKV genomes with a broad geographic 

representation of the 2014-2017 lineages from the Americas and the French Polynesian 

lineages from the 2013-2014 Yap Island outbreak were aligned using the MAFFT 

algorithm22, and phylogenetic trees were constructed using PHYML software16. Branch 

lengths are drawn proportionally to the number of nucleotide substitutions per position. The 
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asterisk denotes the donor ZIKV strain. (B) Molecular clock analysis of ZIKV genomes 
from the Puerto Rico clade. Molecular clock analysis with inclusion of all 7 fully 

sequenced ZIKV genomes from Puerto Rico, 3 Brazilian ZIKV strains including a near 

neighbor (KY785456 from Rio de Janeiro), and 2 French Polynesian strains as an outgroup 

was performed using BEAST software17. Branch lengths are drawn proportionally to the 

number of years. The more recent common ancestral node to the Puerto Rico clade is 

denoted with a double asterisk. The posterior probability density for that node is plotted on 

the timeline in green, and the mean (corresponding to the predicted divergence date of the 

ancestral node) and 95% highest posterior density interval are shown.
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