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Background - Post-donation illness can be described as appearance of
clinical symptoms in blood donors after donation. The consequent call back
of the donor to report these symptoms to the blood collection institution
is considered a post-donation illness report (PDIR). The most suitable way
to examine whether PDIR is related to infection is to apply next-generation
sequencing (NGS) and viral metagenomics. Investigation into a PDIR can
reveal its importance for transfusion safety and help elaborate strategies for
donor education in order to prevent the transfusion transmission of infections
which are not routinely tested by the blood collection services.

Materials and methods - We applied NGS and viral metagenomics on blood
donations which were deferred due to a PDIR. Thirty-three PDIR donations
obtained in the Blood Center of Ribeirdo Preto, Southeast Brazil, were
evaluated. Sequencing was performed using Illumina NextSeq 550 (Illumina
Inc, San Diego, CA, USA) equipment and the reads obtained for each sample
were analysed by specific bioinformatic pipeline for the classification and
discovery of emerging viruses. The identified viral agents by metagenomics
were directly confirmed by molecular methods.

Results - In all PDIR donations, we found abundant reads of commensal viruses
belonging to the Anelloviridae family as well as human pegivirus-1. However, we
were also able to identify blood donations positive for clinically important viruses
like dengue serotype-2 (DENV-2) of the Asian-American genotype and parvovirus
B19 (B19V). Both viruses were also confirmed by real-time polymerase chain
reaction, detecting DENV-2 RNA in a significant number of cases (7 samples,
21.2%), compared to B19V which was confirmed in 1 case (3.0%).
Discussion - Our study applies for the first time viral metagenomics to evaluate
the significance of PDIRs. We confirm the crucial importance of the donor
providing a timely PDIR for the prevention of transfusion transmission of viral
infections which are not routinely tested in the blood banks worldwide.
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INTRODUCTION

Correct information about the health status of the blood donor is obtained during the

donation interview and is the first step towards increasing the transfusion safety of the
applied blood components. Although the selection process of blood donors can be considered
to be efficient, it is possible that some donors present a clinical manifestation of a post-
donation event. Reporting any clinical symptoms which occur after donation by the blood

All rights reserved - For personal use only 93
No other use without premission



donor is considered a post-donation illness report (PDIR).
At the time of blood donation, the donor can be totally
asymptomatic. If by this time there is a window period of a
viral infection, the symptoms may appear some days after
the donation. Therefore, a PDIR can lead to the deferral
of the obtained blood components due to increased risk
of transmission of transfusion-transmitted infection.
The term "PDIR" is not exactly the same as the term "post-
donation information" used by other research groups.
Some define post-donation information as an error by
which information known by the donor is not disclosed as
part of the health history procedure but is rather provided
subsequent to donation', while for others, post-donation
information includes not only information known to the
donor but which is not disclosed, but also information
received from a donor about a condition not known at the
time of donation (e.g., symptoms of an infectious disease
that developed after donation)?. However, all agree that
the management of such reports is extremely complex
and aggravated by the fact that most of the obtained blood
components have already been distributed. Considering
that most of the blood recipients are high-risk patients,
probable transmission of an infectious disease may
have serious clinical consequences. Therefore, careful
examination of the respective PDIR with confirmation of
its aetiology (presence of viral infection) can help improve
transfusion safety (blood unit discharge) and blood donor
education and counselling?.

Among US blood donors, the most important causes
for post-donation information regard to travel-related
information, medical reasons, high-risk behaviour, and
exposure to infectious disease'. However, the causes for a
PDIR remain unknown and up to now no such surveys have
been performed. Itis reasonable to suppose thatin tropical
countries PDIR may originate from endemic infectious
diseases which are involved in explosive outbreaks with
many asymptomatic cases which favour the transfusion
transmission of these infections. Examples include but
are not limited to viruses like zika**and dengues*.

A PDIR related to the appearance of clinical symptoms
with probable infectious aetiology needs to be examined
in order to identify the cause; the vast number of viral
infections which may affect blood donors makes this
problematic. Next-generation sequencing (NGS) and viral
metagenomics can help resolve this as these approaches

can without bias identify virtually all genomes present in
a clinical sample. Therefore, NGS can identify unexpected
or unknown infectious agents which can compromise
transfusion safety’. The application of NGS and viral
metagenomics to plasma samples of blood donors who
provide PDIRs may help evaluate the possible viral
aetiology of some such donations.

The objective of this study was to evaluate the presence of
viral agents in blood units with a PDIR related to symptoms
compatible with infectious disease. Such a study may shed
light on the variety of transfusion threats, and help establish
strategies to prevent their transfusion transmission.

MATERIALS AND METHODS

Blood units with post-donation illness reports

The study was conducted between January and July, 2019, on
33 blood donations obtained from individual blood donors.
The blood units were deferred from transfusion due to a
PDIR based on the presence of one or more of the following
clinical symptoms compatible with infectious disease:
fever, retro-orbital pain, exanthema, headache, myalgia,
diarrhoea, and jaundice. The analysis of the donor history
forms demonstrated that, at the time of donation, none
of the selected blood donors had any clinical symptoms or
fever, were taking any type of medication, or had any at-risk
behaviour. According to the Brazilian Ministry of Health,
the time frame for PDIR is 7 days; however, our blood
centre establishes a period of 14 days in order to promote
transfusion safety. In addition, donors are counselled and
receive information and a leaflet describing the symptoms
of endemic infectious diseases which can be transmitted by
blood transfusion (dengue, zika and chikungunya fevers).
If such symptoms occur, the donors are advised to inform
the blood collection institution as soon as possible.

We analysed 33 blood units with a PDIR which represented
44% of the total number of the PDIRs obtained for the
study period. Due to ethical concerns, we were able to
examine only blood units which had been discarded and
had not been transfused.

The study was performed in the Blood Center of Ribeirdo
Preto, Faculty of Medicine of Ribeirao Preto, University of
Sao Paulo, Southeast Brazil. To perform the study, we used
plasma samples derived from the tube of the blood unit after
its deferral. Approximately 1 mL of plasma was obtained
from each blood unit and if not processed immediately it
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was stored at —80°C until use. Consent for this study was
waived due to the type of collection and was approved by the
Institutional Ethics Committee of the University Hospital
at the Faculty of Medicine of Ribeirdo Preto, University of
Sao Paulo, Brazil (process n. 12196/2018).

Sample preparation and Illumina sequencing
Initially, 600 uL of plasma were pre-treated with Turbo
DNAse (Turbo DNA-free kit, ThermoFisher Scientific, Sio
Paulo, Brazil) in order to remove free host/bacterial DNA.
After DNAse inactivation, the individual samples were
mixed in 4 pools. The sample pools were extracted using the
High Pure Viral Nucleic Acid Large Volume Kit (Roche, Sdo
Paulo, Brazil) following the manufacturer’s instructions
with minor modifications: the polyA carrier RNA from the
kit was replaced by the neutral carrier, GenElute Linear
Polyacrylamide carrier (LPA) (Merck, Sao Paulo, Brazil),
and Isopropanol was added to the binding buffer before the
filtration step. After extraction, viral nucleic acid volume
was recovered in nuclease-free water pre-heated to 70°C and
submitted to reverse transcription using the Superscript I11
First-Strand Synthesis System (ThermoFisher Scientific, Sio
Paulo, Brazil). cDNA amplification was performed using the
QuantiTect Whole Transcriptome Kit (QIAGEN, Sao Paulo,
Brazil). The sequence libraries were prepared using the
Nextera DNA Flex Library Preparation Kit (Illumina, San
Diego, CA, USA) and Nextera DNA CD Indexes following
the manufacturer's instructions. Sequencing of the
dual-indexed libraries was performed by Illumina NextSeq
500 sequencer using the NextSeq High Output Kit v 2.5,
300 cycles (Illumina, San Diego, CA, USA) following the
manufacturer's instructions.

Bioinformatics analysis

The raw sequence data obtained were submitted to
quality control analysis using FastaQC v.0.11.8 software®.
Trimming was then performed using a Trimmomatic
v.0.3.9° and Cutadapt v. 2.4° in order to select the best
quality sequences. For the bioinformatic analysis, we
used sequences with quality scores >30. Additional
trimming to improve the overall quality was performed
using AfterQCsoftware v.0.9.7" (Shenzhen Institutes of
Advanced Technology, Shenzhen, China).

The Kraken2 v2.0.8 program' (Johns Hopkins University,
Baltimore, MD, USA)was used to determine the taxonomic
classification. To examine the depth of coverage of
the classified reads, we used BWA v.0.6 software®

Institute, Hinxton, UK).

“De novo” assembly was performed using SPAdes v.3.13.0"

(Wellcome Trust Sanger

to generate contigs and scaffolds. Finally, to perform
taxonomic classification based on protein identity we
applied Blastx according to Diamond v.0.9.29 software'
(University of Tiibingen, Tiibingen, Germany).
Phylogenetic analysis

Phylogenetic analysis of the assembled contigs was
performed using datasets of complete genomes which
were obtained from viral databanks such as that of the
National Center for Biotechnology Information (NCBI)
(https: //www.ncbi.nlm.nih.gov/) and the Virus Pathogen
Resource (ViPR) (https: //www.viprbrc.org/). Alignment
was performed by MAFFT v.7.429" (Kyoto University,
Kyoto, Japan) and the phylogenetic signal was evaluated
according to the Tree Puzzle v.5.2 programme” (Max
Planck Institute for Molecular Genetics, Berlin, Germany).
To reconstruct the phylogenetic history of the identified
viruses, we used the IQtree v.16.12 software'® (University
of Vienna, Vienna, Austria) applying the maximum
likelihood method with statistical support of ultrafast
bootstrap with 10,000 replicates. The phylogenetic tree
was visualised and edited by FigTree v.1.4.4 software”
(University of Edinburgh, Edinburgh, UK).

Molecular confirmation of the identified viruses

Important viral agents which had been identified by NGS
were further confirmed in each individual blood donation
using real-time and conventional polymerase chain
reaction (PCR) methods. For DENV confirmation, we
used a primer and probe system which was able to detect
all DENV 1-4 serotypes, as described in the literature®.
The confirmation of B9V DNA in plasma samples was
performed by TagMan® real-time PCR with a primer and
probe set capable of detecting Bi9V 1-3 genotypes®. All
TagMan® (ThermoFisher Scientific, Sio Paulo, Brazil)
real-time reactions were performed in an Applied Biosystems®
7500 real-time PCR system (ThermoFisher Scientific, Sio
Paulo, Brazil) using the following protocol: initial hold at
50°C for 2 min and denaturation at 95°C for 10 min, followed
by 40 cycles consisting of denaturation at 95°C for 10 sec, and a
mixed annealing and elongation step at 60°C for 1 min.

In addition, we confirmed the presence of DENV-2
RNA by using an in-house designed specific primer set
with the following sequences: forward primer DENV2F
(5-GCCTTTCAATATGCTGAAACGCG-3")

and reverse
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primer DENV2R (5-GAAGGA GCGACAGCTGTCAGTA-3").
The amplification generated a fragment of 8oo bp
from the C-preM gene portion of the DENV-2 genome.
The reaction was carried out in 50 L of final volume
with 400 nM of each primer, 200 uM of dNTPs, and
1.25 U of Taq polymerase. The cycling protocol included
initial denaturation at 95°C for 5 min and 35 cycles of
denaturation at 95°C for 1 min, annealing at 55°C for
1min, and extension at 72°C for 1 min 30 secs. The reaction
was finalised with a final elongation at 72°C for 10 min.
Amplification was performed in a SimpliAmp Thermal
Cycler (ThermoFisher Scientific, Sio Paulo, Brazil) and
the amplified products were revealed using ChemiDocTM
XRS+ equipment (Bio-Rad, Hercules, CA, USA). All of the
procedures were performed in separate laboratory rooms
in order to prevent contamination.

Data availability

Metagenomic datasets have been submitted to the NCBI
SRA and are available under BioProject accession numbers
PRJNA602694.

RESULTS

Blood donors' characteristics

Of the blood donors who provided a PDIR, 57.6% were
male and 42.4% were female. The mean age of the tested
group was 32.2 years of age (range 21-63 years of age).
Most had completed higher education (78.8%); of the
remaining 21.2%, 18.2% had completed secondary school
education and 3% primary education.

Viral metagenomics on plasma samples with a
post-donation information report

Next-generation sequencing was performed on 4 pools
which were composed of 33 samples with post-donation
information, and generated a total number of 605,249,682
reads. After removing low-quality reads, we obtained
599,045,507 reads with a quality score >30 to be used
for taxonomic classification. After Kraken taxonomic
classification?, 3,331,192 viral sequences were kept for
assembly. The percentage of classified viral reads varied
between 0.001% and 1.4% (medium 0.35%). The unclassified
sequences corresponded to 20,850,054 reads. Complete or
nearly complete viral genomes were assembled from 2 pools.
The most abundant viruses identified were commensal.
Among the non-pathogenic viruses found in the pools,

the representatives of the Anelloviridae family were highly
represented. We were able to identify a total number of
20,045 reads belonging to torque teno midi virus (TTMDV)
types 2, 5-7, 11-15 and torque teno virus (TTV) types 12, 15,
16, 20, 22, 25 and 28. Another commensal virus found in
our analysis was the human pegivirus-1 (HpgV-1), formerly
known as GB virus C/ hepatitis G virus belonging to the
Flaviviridae family. We found 2,294 reads belonging to
HPgV-1in 2 pools (P10 and P22) (TableI).

We were also able to detect pathogenic viruses which may
represent a transfusion threat. In 3 of the analysed pools,
we were able to detect DENV-2 with a number of reads
ranging from 31to 2,084,960 (TableI). In particular, in one
of the pools, we identified 2,084,960 DENV-2 reads giving
us the opportunity to analyse the complete DENV-2 genome.
In another pool, we obtained 1,198,765 reads belonging to
Bi9V, which were sufficient to assemble almost the entire
genome of 4,256 bp for phylogenetic analysis. The viral agents
identified by viral metagenomics are shown in TableI.

The consensus assembly of the DENV-2 reads generated
one contigwith alength of 10,664 bp, with 45.7% GC content
and an average coverage of 296,567 times; it demonstrated
most hits with strain DENV-2 DR23/01 (GenBank number
AB122020.1 from the Dominican Republic) with 98,41%
similarity. The consensus assembly of B19V generated one
contig with a length of 4,256 bp with 42.1% GC content
and an average coverage of 242,236 time; it demonstrated
most hits with the B19V isolate 09BRSP0883 from Brazil
(GenBank number KC013331) with 97.24% similarity.

Phylogenetic analysis of DENV-2 and B19V

We performed phylogeneticanalysisof the almostcomplete
genomes of DENV-2 and B19V which were identified in our
study. For phylogenetic analysis of DENV-2, we used the
nucleotide substitution model TIM2+F+G4 chosen by the
Bayesian Information Criterion (BIC) statistical model.
The detected complete DENV-2 genome demonstrated
that it belongs to the Southeast Asia-American genotype.
The classification of DENV-2 is shown in Figure1A. We also
performed phylogenetic analysis of the partial genome of
B19V. The nucleotide substitution model which was used
for B19V analysis was TN+F+R2 chosen by the Bayesian
Information Criterion (BIC) statistical model. The 4,256
bp B19V contig was classified as belonging to subgenotype
1A of the main genotype 1 (Figure 1B).
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Table I - Viral agents identified in plasma samples obtained from blood donors who reported post-donation information

characterised by symptoms compatible with infectious disease

Pool number Commensal viral agents Number of reads Pathogenic viruses Reads

P10 HPgV-1! 2,291 Dengue serotype 2 23
TTV2-12,15,16, TTMDV?-5-7 68

P11 TTV-12,15,16,28, TTMDV-2,5-7 1,405 Dengue serotype 2 159

P12 TTV-12,15,20,22,25,28, TTMDV-2,11-15 5,390 Dengue serotype 2 2,084,960

P22 HPgV-1 3 Parvovirus B19 1,198,765
TTV-12, 15, 16, 20, 22, 25,28, TTMDV-2, 5-7, 11-15 13,182

1HPgV-1: human pegivirus-1, GB virus C or hepatitis G virus; *TTV: torque teno virus; *TTMDV: torque teno midi virus.
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Figure 1 - Phylogenetic analysis of the viruses identified in blood donations with a post-donation illness report

(A) Maximum-likelihood tree of dengue 2 virus. The nucleotide substitution model applied for tree reconstruction was TIM2+F+G4 chosen by

the Bayesian Information Criterion (BIC) model using 10,000 bootstrap replicates for the statistical support. Only values >75% are shown at the
important tree branches. (B) Maximum likelihood tree of parvovirus B19. The nucleotide substitution model which was used was TN+F+R2 and
was chosen by BIC using 10,000 bootstrap replicates for the statistical support of the branches. Only values of 75% were demonstrated at the
important tree branches. The phylogenetics trees were constructed using IQtree v.16.12 software.
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Table II - Demographic and clinical characteristics of the blood donors who were positive for dengue serotype-2 virus (DENV-2) and parvovirus

B19 (B19V) DNA and related post-donation illness

Patient n. Age Gender Education level N. of days* Symptoms Virus
IPD-4 25 Male Primary 2 Fever DENV-2
IPD-6 56 Male Secondary 1 Fever, myalgia DENV-2
IPD-10 38 Female Secondary 3 Fever, myalgia DENV-2
IPD-14 36 Male Higher 2 Myalgia, afebrile DENV-2
IPD-18 35 Female Higher 1 Fever, malaise DENV-2
IPD-24 63 Male Higher 4 Fever, myalgia DENV-2
IPD-25 34 Male Higher 6 Fever, myalgia DENV-2
High fever, retro
IPD-38 28 Female Secondary 1 orbital pain, B19vV
headache

*Days after donation for the report of post donation illness.

Individual confirmation of DENV-2 and B19V

We confirmed the direct presence of DENV-2 RNA and
B19V DNA in all of the blood donor samples which made
up the analysed pools. The real-time PCR for DENV-2
demonstrated the presence of viral RNA in 7 out of 33
blood donations with PDI (21.2%). This demonstrates that
among the known pathogenic viruses, DENV-2 was most
frequently identified in blood donations with a PDIR; this
finding is consistent with the fact that this viral serotype
was the cause of a large DENV-2 outbreak in the Sao Paulo
State. The blood donor samples were characterised with
different viral loads: Ct varied between 21.8 and 32.15.
All the positive DENV-2 samples were also reconfirmed
by conventional PCR. The DENV-2 positive donations
were provided by blood donors who reported symptoms
compatible with DENV infection-like fever, retro-orbital
pain, myalgia, and headache 1-6 days (mean 2.42 days)
after donation (Table II).

All individual blood donations were also tested for
B19V DNA. We were able to identify 1 sample out of 33
(3.0%) positive for B19V DNA with a viral load of 7.1x107
copies/mL; this belonged to a blood donor who provided a
PDIR 4 days after donation.

The PDIR was characterised by symptoms like myalgia,
headache, retro-orbital pain, and high fever.

Due to the fact that the obtained blood components were
deferred from transfusion, the respective blood donors

positive for DENV-2 and B19V were not followed-up through
the evolution of the infections. In this study, the viruses
identified by NGS were fully confirmed by molecular tests,
which demonstrates the diagnostic applicability of NGS for
the detection of clinically relevant viruses.

DISCUSSION

This is a pioneer study which evaluates the presence of
viral infectious which can be implicated as causes for a
PDIR in a tropical country like Brazil. The obtained data
cannot be easily extrapolated to other studies examining
post-donation information* due to the different scope
of the study. Nevertheless, the results obtained stress the
importance of PDIRs in the prevention of transmission
of viral infections which are not routinely tested in blood
recipients.

Obtaining a PDIR issued by donors may depend on an
investment in donor education during their counselling
through which the benefits of PDIR in the prevention of
transfusion-transmitted infections should be emphasised.
In our institution, donors are invited to provide a PDIR in
two ways: 1) during the pre-donation interview they are
informed of the time-frame in which they must contact
the collecting blood centre if symptoms appear (Ministry
of Health of Brazil, Ordinance 158, Item 76, of February
4™ 2016); and 2) they are given a leaflet explaining the
symptoms and conditions caused by endemic viral
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diseases (dengue, zika and chikungunya fevers) and their
impact on transfusion safety. Such blood donor education
practices reinforce the fact that provision of a PDIR is the
simplest method to prevent the transfusion transmission
of clinically important viral diseases which are not
routinely tested by the blood transfusion services.
Tracing PDIR aetiology is problematic. On the one hand,
we do not have enough information about the group of
donors who provide a PDIR, a problem shared with other
studies which examine post-donation information'.
Our analysis showed that most of the donors who report
PDI have a university education and were male. This
is similar to studies that examined donors who report
post-donation information'. In our study, due to ethical
considerations, we only analysed blood units which had
not been transfused. However, due to the detection of
important viral agents which may be transmitted by
blood transfusion like DENV-2 and Bi9V, we believe
that systemic recording and the adequate management
of PDIRs is of crucial importance for the prevention of
transfusion transmission of important viral infections. A
shortcoming of our study was that the blood units were
obtained from a tropical region, endemic for arboviral
infections like DENV. Therefore, more studies including
analysis of PDIRs from other parts of the world are needed
to compare the virome composition and evaluate the best
strategies to help prevent transfusion transmission of the
identified infectious agents.

However, in some cases, a PDIR cannot prevent the
transfusion transmission of an infectious disease as
the blood components have been distributed among the
recipients. This is disappointing, and may involve specific
follow up of the blood recipient and diagnosis of the
infectious agent. In this respect, our study is important
because it helps to identify the viruses that could result
in the issue of a PDIR and alert hematologists who can
then provide timely intervention. However, to definitively
prevent the transfusion transmission of an infectious
disease, the most effective way is the implementation
of specific molecular tests for viral detection prior
to transfusion. For the moment, it is not possible to
implement routine diagnostic tests to all viruses which
could compromise transfusion safety. For this reason,
measures including donor education to emphasise
the importance of the PDIR, establishing quarantine

periods for the blood components, and specific universal
physico-chemical treatments for pathogen reduction seem
to be reasonable strategies of transfusion-transmission
prevention of infections which are not routinely
tested by the blood collection services. Nevertheless,
implementation of any strategy must always be balanced
against other health priorities.

Firstly, NGS identified many commensal viruses like
TTV, TTMDV types (Anneloviridae) and HPgV-1 types
(Flaviviridae). This finding was expected as all these
viruses cause frequent infections in the human population
and their prevalence may reach very high proportions.
In a study performed among blood donors in Qatar, the
detected prevalence for TTV and TTMDV were 83.4% and
TTMDV, respectively**. HPgV-1is also frequently found in
healthy blood donors, with 3 out of 100 blood donations
worldwide resulting positive*. Metagenomic analysis also
identified two known pathogenicviruses as possible causes
for PDIR: DENV-2 and B19V. DENV-2 was represented
more frequently than B19V (21.2%vs. 3.0%). This is probably
the result of alarge DENV-2 outbreak in Sao Paulo State in
2019 with 437,047 cases reported up to September, 2019**.
During DENV outbreaks, a significant proportion of
infected individuals remain asymptomatic, as reported
in China®, Brazil*¢¥’, Puerto Rico®?**, Honduras*®, and
Taiwan®, which enables transfusion transmission of this
infection. In our study, phylogenetic analysis of the obtained
complete DENV-2 genome demonstrated that it belongs to
the American /Asian genotype (Subtype IIIb) (Figure 14) but
formed a separate lineage, probably due to intra-serotype
genetic variations®*. The introduction of a genetically
divergent strain in the Sao Paulo State probably resulted
in this large outbreak. The entry and dissemination of new
DENV strains also have to be monitored by the transfusion
services due to the large proportions of the outbreaks and
the possibility of transfusion transmission of DENV*.
The known viral pathogen detected in blood donations
with PDI was B19V. Reports on the prevalence of BioV
DNA in blood donations demonstrate that its detection
is not a rare event due to the frequent B19V detection
in blood donors*. Bi9V can be transmitted by blood
transfusion and symptomatic cases due to treatment by
red blood cell or concentrated plasma components have
been reported®3. A limitation of our study was that we
detected only viral RNA/DNA and not a replication active
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DENV-2 and B19 virus. We believe that further studies
including viral isolation and confirmation of infectious
viral forms are important to better characterise the
transfusion-transmission potential of the identified viral
agents.

In conclusion, this study used NGS and metagenomic
analysis to identify the viral causes for a PDIR and is the
first to investigate the viruses leading to a PDIR. These
findings underline the importance of efforts to educate
donors and encourage the timely issue of a PDIR, and to
provide appropriate clinical management of the report
once the possible causes have been identified. Moreover,
this study sheds light on viruses that might be transmitted
by blood transfusion that are not routinely tested for. This
can help in health policy decision-making in order to

prevent their transfusion transmission.
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