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Abstract
Background  Nonenveloped viruses, such as hepatitis A virus (HAV) and parvovirus B19 (B19V), are not inactivated 
by detergents and solvents commonly used to manufacture plasma derivatives. Cases of transfusion-transmitted HAV 
and B19V have already been described in several countries. This study aimed to determine the incidence of HAV and 
B19V asymptomatic infections in blood donors from Rio de Janeiro and evaluate the residual risk of transmission to 
blood derivative recipients.

Methods  From 2018 to 2019, 1,204 plasma samples were tested by PCR and real-time PCR. HAV and B19V genotypes 
were determined through sequencing and phylogenetic analysis. The risk of transfusion transmission was determined 
using a Bayesian statistical approach.

Results  HAV-RNA and B19V-DNA were detected in 1.66 (95% CI 0.26–5.48) and 3.32 (95% CI 1.00-7.81) per 1000 
donors, respectively. For HAV, all positive samples were classified as subgenotype IB. For B19V, the sequenced samples 
belonged to genotype 1A. The estimated numbers of infectious blood bags with HAV and B19V were 587 (95% CI 
92-1936) and 880 (95% CI 355–2759), respectively.

Conclusion  This study originally assessed the incidence of both Hepatitis A Virus (HAV) and B19 Virus (B19V) 
among Brazilian blood donors, as well as the potential risk of residual transmission of these infections through blood 
transfusions. Our findings can contribute to future cost-effective studies aimed at implementing screening methods 
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Introduction
Human parvovirus B19 (B19V) and hepatitis A virus 
(HAV) are small-sized, nonenveloped viruses, resis-
tant to the virus inactivation process commonly used to 
manufacture plasma derivatives, such as heating, solvent-
detergent and even nanofiltration [1–3]. The currently 
available methods for pathogen inactivation in blood 
components – Amotosalen + UV-A irradiation and ribo-
flavin + UV-B irradiation – are not enormously effective 
against HAV and B19V [4]. The physicochemical proper-
ties of these viruses pose relevant concerns about the risk 
of blood transfusion and plasma-derivate transmission.

Although HAV is primarily transmitted by the fecal-
oral route, mainly through person-to-person contact, 
transfusion-transmitted cases of HAV (TT-HAV) infec-
tion have been reported since the 1970s [5–8]. In Brazil, 
two cases of TT-HAV were reported in 2015 by blood 
products from a single infected donor. It is worth not-
ing that one of these recipients had chronic hepatitis C 
and died a few days after transfusion due to acute liver 
failure (ALF) [9]. Hepatitis A (HA) is often asymptomatic 
in children, whereas acute HA is a moderate to severe 
disease in adults. HA occasionally leads to liver damage 
ranging from mild illness to ALF, constituting 0.35% of all 
cases of ALF [9, 10]. HAV is a single-stranded positive-
sense RNA genome of approximately 7.5 kb that belongs 
to the Picornaviridae family, Hepatovirus genus, and 
Hepatovirus A species. The viral particle has an icosahe-
dral capsid with a diameter of 27 to 32 nm [11, 12].

B19V is a nonenveloped, single-stranded DNA virus, 
classified into the Erythroparvovirus genus of the Par-
voviridae family with a marked tropism for erythroid 
progenitor cells in the human bone marrow [13, 14]. 
The virion has an icosahedral symmetry with a diameter 
ranging from 18 to 26 nm [15].

Although B19V is primarily transmitted by the respira-
tory route, there are many reports of B19V transfusion-
transmitted (TT-B19V), as well as by administration of 
plasma products, especially coagulation factors [16–22].
B19V can cause a range of diseases, including ery-
thema infectiosum, transient aplastic crisis, and poliar-
thropathy [23, 24]. However, most B19V infections 
present no symptoms in immunocompetent individu-
als [25, 26]. TT-B19V infections are usually asymptom-
atic, like most cases of B19V infection in adults, and as 
such, have historically been neglected. Nevertheless, 
given the high seroprevalence of B19V among the gen-
eral population and the fact that TT-B19V infection can 
cause severe clinical consequences, especially among 

immunocompromised patients with hematological disor-
ders and pregnant women, the incidence of TT-B19V has 
gradually received more attention as an important pub-
lic health problem. Transmission of B19V through blood 
products is facilitated by two important characteristics: 
persistent infection in the bone marrow of asymptom-
atic individuals and prolonged replication after the initial 
infection, which can occur for several years [16, 17].

The risk of HAV and B19V transmission through blood 
transfusion mainly occurs during the viremic period, 
when many viral particles circulate in the blood before 
the onset of symptoms, making it possible for donors to 
harbor the circulating virus in their blood at the time of 
donation without being aware of the infection [1].

Overall, the transmission of infectious diseases through 
blood transfusion has been reduced in blood banks due 
to rigorous clinical screening and advancements in sero-
logical and molecular methods for detecting the causative 
agents of such diseases. Considering the potential risk of 
HAV and B19V transmission through blood components 
and plasma derivates, these viruses raised relevant con-
cerns about the safety of plasma products.

In some European countries, since 2000, all blood 
donations have started to be screened by a B19V mini 
pool real-time nucleic acid test (NAT; German Red Cross 
Centre and four areas in Austria) [27]. Since 2004, Polish 
blood donors have also been tested for B19V DNA [28]. 
In 2008, to reduce the risk of B19V transmission through 
contaminated blood for transfusion and plasma-derived 
medicinal products, Japanese Red Cross Blood Centers 
introduced B19V antigen screening by chemiluminescent 
enzyme immunoassay for all donated blood [29]. In the 
United States, it is also recommended that all pools be 
tested for B19V. No country requires HAV blood dona-
tion screening; however, some countries require dona-
tion screening to manufacture plasma-derived products 
or pool plasma for transfusion [30]. Nevertheless, in 
Brazil, HAV and B19V are not included in the screen-
ing tests conducted on blood donors. The screening 
is only intended for Human Immunodeficiency virus 
(HIV), Hepatitis B virus (HBV), Hepatitis C virus (HCV), 
Human T-lymphotropic virus (HTLV), the etiological 
agents of Syphilis and Chagas disease, and more recently 
for Malaria, in some hemocenters of the country.

Data on HAV RNA and anti-HAV IgM prevalence in 
blood donors are limited worldwide. The prevalence of 
HAV RNA varies from 0.24% among Indian blood donors 
(between 2004 and 2005) [31] to 0.005% (1/20,000) of 
HAV RNA among blood donors from the United States 

for these viruses, which could enhance discussion on surveillance in blood banks and protective measures for blood 
recipients.
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[32]. Data on the prevalence of HAV RNA among Brazil-
ian blood donors, as well as the impact of the hepatitis 
A outbreak on this group of individuals, remain scarce. 
Regarding B19V DNA prevalence, few studies show a 
heterogeneous distribution according to different regions 
of Brazil: 0.21% in the Midwest [33], 1.0% in the South-
east [34], and 1.9% in the South [35].

Knowledge of the current regional epidemiological sce-
nario of these infections is an essential contribution to 
blood transfusion safety and to implementing measures 
for mitigating transfusion-transmitted risks. Thus, this 
study aimed to determine the incidence of hepatitis A 
and Parvovirus B19 in blood donors from Rio de Janeiro 
and estimate the residual risk of transfusion-transmission 
of these viruses.

Methods
Study population and ethical aspects
This is a retrospective cross-sectional study that investi-
gated HAV and B19V infection in 1,204 plasma samples 
from blood donors of Instituto Estadual de Hematolo-
gia Arthur de Siqueira Cavalcanti (HEMORIO) in Rio 
de Janeiro, Brazil. HAV and B19V infections were also 
investigated in the serum samples collected on the day of 
blood donation.

Among this total of donors, one hundred plasma sam-
ples were obtained individually from bags of fresh frozen 
plasma. However, many of these samples showed qPCR 
inhibition (detected by RNAse P evaluation), so we tested 
only 100 samples and evaluated 1,104 samples obtained 
through plasma mini pools, composed of samples from 
six different donors (collected in EDTA tubes with sepa-
rator gel), totaling 184 mini pools, previously prepared at 
the HEMORIO blood center.

The sampling was stratified between July 2017 and 
December 2019, aiming to include epidemic and non-
epidemic periods of hepatitis A and B19V, according to 
the seasonality. Plasma samples were selected from blood 
donors who donated at HEMORIO’s blood therapy ser-
vice, who were negative for parenterally transmitted 
infectious diseases, routinely tested in Brazil (HIV-1 + 2, 
HCV, HBV, HTLV-I/II, syphilis, and Chagas disease).

The study protocol was approved by the Eth-
ics Committee of Oswaldo Cruz Institute 
(CAAE: 48376015.2.0000.5248, number: 1.610.747).

Sample size
A sample size of 742 plasma samples from blood donors 
was established to estimate B19V DNA incidence in 
blood donors between 2018 and 2019 using the fol-
lowing parameters: B19V DNA prevalence (average of 
0,47%) in blood donors from different studies around 
the world during the same period [33–40], an accepted 
margin of error of 0.5% and 95% of confidence level. The 

prevalences of HAV RNA in other regions are smaller 
than those for B19V. The sample size for B19V was con-
sidered for HAV [1, 41].

Pooling of plasma specimens and RNA/DNA extraction
One thousand one hundred four plasma specimens were 
pooled into 184 mini pools, each comprising six sam-
ples. Aliquots of 110µL from 6 donor plasma specimens 
were pooled by JANUS® Automated Workstation (Perkin 
Elmer®, Massachusetts, EUA), and 600µL of the pooled 
specimen was used for RNA and DNA extraction.

B19V DNA and HAV RNA were extracted from 600µL 
of plasma pool using the NucliSens easyMAG (bioMéri-
eux, Marcy l’ Etoile, France) extraction kit, according to 
the manufacturer’s instructions, to yield an eluted vol-
ume of 50µL. Extraction and inhibition controls were 
included in all extraction runs to control for the extrac-
tion process. The 50µL nucleic acid eluates were stored at 
− 80 °C before and after viral load testing.

Validation of mini pools
This experiment aimed to assess how pooling six samples 
would impact the ability of the assays to detect B19V 
DNA through dilution. Highly B19V-viremic plasma 
samples (109 IU/mL) were serially diluted by a factor of 
10. Each point of the serial dilutions was used to spike 
six mixed plasma samples that were initially negative for 
B19V DNA at a dilution of 1:20. Each spiked pool was 
extracted and amplified in triplicates to determine the 
lower limit of detection in pooling at a 1:20 dilution. Sta-
tistical comparison between the samples in single or pool 
detection was made using the Mann–Whitney U test. 
The p < 0.05 was considered statistically significant.

Resolution of pools with a detectable viral load
Mini pools with a detectable viral load were resolved, and 
individual specimens were extracted and amplified. To 
clarify the procedures, Fig. 1 represents the algorithm of 
diagnosis.

Molecular and serologic tests for HAV
HAV RNA was reverse-transcribed and amplified by a 
single-step Real-time PCR (qRT-PCR) using the AgPath 
One Step Real-Time PCR kit (Thermo Fisher, Mas-
sachusetts, USA) using the TaqMan system (Applied 
Biosystems 7500 Real-Time PCR System, Applied Bio-
systems, USA). For absolute quantification, a synthetic 
oligo-ultramerer for the HAV 5’NCR region (IDT, USA) 
was used (nt 86–218, Strain: HAF-203). Primers for the 
5’NCR region (nt 86F and 240R) and a single labeled 5’ 
FAM probe (nt 198–218, Strain: HAF-203) were used, as 
previously described [42]. Primer sequences are listed in 
Table 1.
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Table 1  Primers and probe sequences for HAV RNA and B19V DNA
ID Sequence (5’-3’) Amplicon Reference

HAV
5’NCR (F) ​C​T​G​C​A​G​G​T​T​C​A​G​G​G​T​T​C​T​T​A​A​A​T​C 89 bp [42]
5’NCR (R) ​G​A​G​A​G​C​C​C​T​G​G​A​A​G​A​A​A​G​A​A​G​A
5’NCR (Probe) FAM-​A​C​T​C​A​T​T​T​T​T​C​A​C​G​C​T​T​T​C​T​G
VP1/2A – 1 (F) CTATTCAGATTGCAAATTAYAAT 391 bp  [43]
VP1/2A – 1 (R) AAYTTCATYATTTCATGCTCCT
VP1/2A – 2 (F) TATTTGTCTGTYACAGAACAATCAG 244 bp
VP1/2A – 2 (R) AGGRGGTGGAAGYACTTCATTTGA

B19V
NS1-E1905 (F) ​T​G​C​A​G​A​T​G​C​C​C​T​C​C​A​C​C​C​A 102 bp  [46]
NS1-E1987 (R) ​G​C​T​G​C​T​T​T​C​A​C​T​G​A​G​T​T​C​T​T​C
NS1 (Probe) FAM-​A​C​C​T​C​C​A​A​A​C​C​A​C​C​C​C​A​A​T​T​G​T​C​A​C​A
P12 (F) ​C​A​G​C​C​A​T​A​C​C​A​C​C​A​C​T​G​G​G​A​C​A 563 bp  [47]
P16 (R) ​A​G​T​A​C​A​T​A​T​G​G​T​A​A​A​T​G​A​C​C​T​G​C​T​G
P13 (F) ​G​A​C​A​A​A​G​A​G​T​A​T​C​A​G​C​A​A​G​G​A​G​T​G 476 bp
P16 (R) ​A​G​T​A​C​A​T​A​T​G​G​T​A​A​A​T​G​A​C​C​T​G​C​T​G
F = Primer forward; R = Primer reverse;

Fig. 1  Algorithm of tests for determining HAV RNA and B19V DNA prevalence and seroprevalence. Ig, immunoglobulin. HAV: Hepatitis A Virus; IU/mL: 
international units per mL; IgM: Immunoglobulin M; IgG: Immunoglobulin G; SWI: sample with inhibitor for qPCR
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Each sample included in a positive plasma pool was 
investigated individually for HAV genotyping. For this, 
a nested PCR using the primer pairs VP1/2A first round 
(nt 2987–3288, Strain: HAF-203) and VP1/2A second 
round (nt 2949–3196, Strain: HAF-203) was performed 
to amplify the 247  bp fragment of the VP1/2A cap-
sid gene, as previously described [43]. The Nested-PCR 
products were purified using the QIAquick gel extrac-
tion (Qiagen, Germany) and then sequenced directly 
using the BigDye terminator v.1.1 cycle sequencing kit 
(Applied Biosystems, USA) and an ABI Prism® 3730 DNA 
analyzer (Applied Biosystems, USA). Both strands of 
each amplicon were sequenced. For phylogenetic analy-
sis, sequences were aligned using the BioEdit Sequence 
Alignment Editor v7.2.5 [44]. A maximum likelihood tree 
was constructed based on the Kimura-2 parameter + G 
distances available in the program MEGA v.10.0 software 
[45]. The HAV genotype was determined by including 
reference sequences of genotypes IA, IB, IIA, and IIB, 
which are available in GenBank.

According to the manufacturer’s instructions, all HAV-
RNA-positive serum samples from blood donors were 
investigated for anti-HAV IgM and anti-HAV total anti-
bodies through an enzyme-linked immunosorbent assay 
(Biokit, S.A. Barcelona, Spain).

Molecular and serologic tests for B19V
B19V infection was investigated in the serum samples 
collected on the day of blood donation using serological 
and molecular assays. Firstly, B19V DNA was also inves-
tigated in mini pools, and then individual testing was 
carried out on each sample included in a positive plasma 
pool. Real-time PCR (qPCR) was carried out using the 
TaqMan system (Applied Biosystems 7500 Real-Time 
PCR System, Applied Biosystems, USA). For absolute 
quantification, a synthetic standard curve of the B19V 
NS1 region (IDT, USA) was designed (nt 1905–1987, 
GenBank: NC_000883.2). Primers for the NS1 region (nt 
1905F and 1987R) and a single labeled 5’ FAM probe (nt 
1925–1948, GenBank: NC_000883.2) were used, as pre-
viously described [46]. Primer sequences are listed in 
Table 1.

The presence of qPCR inhibitors was evaluated in some 
samples that were positive in conventional PCR and 
negative in qPCR using an endogenous internal positive 
control. This control comprises oligonucleotides and a 
probe labeled at the 5’ end by a VIC™ fluorescence for a 
human genome target called RNAseP (Applied Biosys-
tems, California, USA, Catalog number 4316844). For 
this commercial internal control, 5µL of extracted DNA 
was added, which allowed simultaneous amplification of 
the target sequence of this internal control and the B19V 
genome.

For B19V genotyping, a semi-nested PCR using the 
primer pairs VP1/VP2 first round (nt 4127–4665, Gen-
Bank: NC_000883.2) and VP1/VP2 second round (nt 
4214–4665, GenBank: NC_000883.2) were performed 
to amplify the 476  bp fragment of the VP1/VP2 capsid 
gene, as previously described [47]. The semi-nested PCR 
products were purified using the QIAquick gel extrac-
tion (Qiagen, Germany) and then sequenced directly 
using the BigDye terminator v. 1.1 cycle sequencing kit 
(Applied Biosystems, USA) and an ABI Prism® 3730 DNA 
analyzer (Applied Biosystems, USA). Both strands of 
each amplicon were sequenced.

For phylogenetic analysis, sequences were aligned 
using the BioEdit Sequence Alignment Editor v7.2.5 [44]. 
A maximum likelihood tree was constructed based on 
Tamura-Nei + G + I parameter distances available in the 
program MEGA v.10.0 software [45]. The B19V geno-
type was determined by including reference sequences of 
genotypes IA, IB, II, IIIA, and IIIB, which are available in 
GenBank.

According to the manufacturer’s instructions, all 
B19V-DNA-positive serum samples from blood donors 
were investigated for anti-B19V IgM and IgG antibodies 
through an enzyme-linked immunosorbent assay (Viri-
onSerion, Germany).

Assessment of transfusional transmission risk and 
statistical analysis
Statistical modeling was applied to estimate the num-
ber of blood components infected with B19V or HAV 
released by the Rio de Janeiro blood bank for donation 
between 2018 and 2019 and the risk of transfusional 
transmission of these viruses. The expected number 
of blood bags infected with B19V or HAV released by 
HEMORIO during 2018 and 2019 was calculated by mul-
tiplying the estimated incidence for B19V or HAV with 
the total number of blood bags released by HEMORIO 
(353,302) between the years 2018 and 2019 (180,466 and 
172,836, respectively) [48]. The incidence of infected 
blood bags for B19V and HAV was calculated using a 
posterior Beta conjugated distribution derived from a 
Binomial model for the number of infected blood com-
ponents in a sample of blood bags and a uniform prior 
distribution for HAV and B19V incidences. The esti-
mated incidences were then set as the mode of the poste-
rior distribution, and the uncertainty was represented by 
the 95% highest posterior density interval.

In the same way, the rate of infectious donations was 
estimated by multiplying the rate of infected blood bags 
by the rate of infectious blood bags. For B19V, according 
to parameters based on the literature, blood bags whose 
viral loads showed values > 104 IU/mL [16, 36] and which 
were negative for anti-B19V IgG were considered infec-
tious. There is no consensus in the literature for HAV, 
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only case reports of transmission from viral loads > 103 
IU/mL [8]. Thus, blood bags with viral loads > 103 IU/mL, 
negative for anti-HAV, were considered infectious. In this 
study model, a 100% transmissibility was considered for 
donations that met these criteria.

All statistical analyses were performed with R software 
version 4.4.0 [49], and the highest posterior intervals 
were calculated using the HDInterval package version 
0.2.4 [50].

Results
Detection of HAV-RNA and B19V-DNA among blood 
donors
A total of 1204 plasma samples from blood donors were 
initially screened for HAV RNA and B19V DNA by qRT-
PCR and qPCR, respectively. HAV RNA was detected in 
two mini pools, while B19V DNA was detected in four. 
Each HAV or B19V-positive pool contained only one 
positive individual sample, which was confirmed by RT-
qPCR and qPCR, respectively (Tables  1 and 2). These 
findings indicate an incidence of 0.17% (2/1,204) and 
0.33% (4/1,204) of HAV and B19V, respectively, which 
corresponds to HAV and B19V incidence rates of 1.66 
per 1,000 donors and 3.33 per 1,000 donors, respectively.

HAV RNA-positive samples contained a viral load of 
1.58 × 105 IU/mL, and B19V DNA-positive samples con-
tained a viral load from 2.60 × 103 to 3.07 × 107 IU/mL. 
The viral load of one sample positive for HAV-RNA could 
not be quantified due to the presence of PCR inhibitors, 
which were confirmed by endogenous RNAseP control 
(Table 2).

Detection of Hepatitis A and B19V antibodies in blood 
donors with PCR-positive
All B19V-DNA or HAV-RNA positive serum samples 
from blood donors were investigated for the presence of 
specific antibodies (IgM and IgG) to identify the status 
of the infection as acute, past, immunological window, 

or suggestive of persistent infection (considered only for 
B19V infection). The two samples, HAV RNA positive, 
were negative for anti-HAV antibodies (IgM and total), 
indicating a period of immunological window before 
the acute phase of the infection. Two of the four B19V 
DNA-positive samples were IgM positive/IgG negative, 
indicating acute infections. The other two samples were 
negative for IgM. However, one was also negative for IgG, 
indicating a period of immunological window, while the 
other was IgG positive, suggesting a persistent infection 
(Tables 2 and 3).

B19V infectious viral particles in serum samples
Among the four samples with viral load detected, two 
were evaluated regarding the presence of infectious viral 
particles (DS190-241 e DS190-346). The other two sam-
ples were not evaluated for the presence of infectious 
particles due to the insufficient volume for this comple-
mentary analysis. After treatment with endonuclease, 
one of the samples positive for B19V-DNA (DS190-241), 
showed a reduction of viral load, which suggests that part 
of the viral DNA was encapsidated in viral particles. For 
the second sample (DS190-346), the viral load became 
undetectable, indicating the presence of “naked DNA” 
and, therefore, the absence of viral particles (Table 4).

Table 2  Profile of serological and molecular markers of samples positive for HAV-RNA from blood donors in Rio De Janeiro
Samples ID Year PCR

(VP1-2 A)
Viral load (IU/mL) RNAseP (control) Anti-HAV Genotype

IgM Total
DS49 2019 + NDI ND Negative Negative IB
DS62 2019 + 1.58 × 105 NTV Negative Negative IB
NT = Non-tested; NA = Non-applied; ND = Non-detected; NTV = Non-tested due to insufficient volume; NDI = Non-detected due to PCR inhibitors in the sample

Table 3  Profile of serological and molecular markers of samples positive for B19V-DNA from blood donors in Rio De Janeiro
Samples
ID

Year PCR
(NS1)

PCR (VP1/VP2) Viral load (IU/mL) RNAseP (control) Anti-B19V Genotype
IgM IgG

DS190-241 2019 NT + 3.02 × 107 NA + - 1 A
DS190-346 2019 NT + 2.60 × 103 NA - + 1 A
DS195-200 2019 NT + 3.07 × 107 NTV - - NDI
DS75 2019 + + 2.84 × 105 NA + - 1 A
NT = Non-tested; NA = Non-applied; ND = Non-detected; NTV = Non-tested due to insufficient volume; NDI = Non-detected due to PCR inhibitors in the sample

Table 4  Evaluation of B19V infectious viral particles in 
serum samples through pre-treatment of the samples with 
endonuclease followed by qPCR
Samples ID Without pre-treatment With pre-treatment

Viral load B19V (IU/mL) Viral load (IU/mL)
DS190-241 3.02 × 107 2.70 × 107

DS190-346 2.60 × 103 ND
DS195-200 3.07 × 107 NTV
DS75 2.84 × 105 NTV
ND = Non-detected; NTV = Non-tested due to insufficient volume of the sample



Page 7 of 12Alves et al. Virology Journal           (2025) 22:15 

Characterization of HAV and B19V genotypes detected in 
blood donors
HAV genotyping was based on the prototype sequences 
HAS-15 (genotype IA), HAF-203, and HM-175 (geno-
type IB), SLF88 (genotype II A), and CF-53 (genotype II 
B), deposited in Genbank. All HAV isolated from blood 
donors’ serum samples were classified as subgenotype IB 
(Fig. 2). All samples from this study were deposited in the 
GenBank database under accession numbers PP941961 
to PP941962.

B19V genotyping was based on the prototype 
sequences for all the genotypes (1a, 1b, 2, 3a, and 3b) 
deposited in Genbank. All B19V isolated from serum 
blood samples were classified as genotype 1a (Fig.  3). 
All samples from this study were deposited in the 

GenBank database under accession numbers PP941963 
to PP941965.

Sensitivity experiment
All minipools were consistently detected (Table 5), con-
firming that a minipool containing an individual speci-
men with a viral load of 4.8 × 108 IU/mL to 5.2 × 104 IU/
mL would be detected by the assay used. There was no 
statistical difference between these two groups (p > 0.05).

Risk evaluation of transfusion transmission
The expected number of blood bags contaminated with 
HAV or B19V was calculated by the product between the 
rate of positive samples and the number of blood com-
ponents released for use during 2018–2019 by Hemo-
rio (n = 353,302 blood bags). Incidences of 1.66 and 3.32 

Fig. 2  Phylogenetic analysis of HAV sequences detected from blood donors. The phylogenetic tree was constructed using the Maximum Likelihood 
method using the Kimura-2 parameter + G model based on sequences of 247 bp of the VP1/2A region of the HAV genome. Samples with black diamonds 
were from this present study. (*) Sequence HAS-15 is a prototype of subgenotype IA, sequences HAF-203 and HM-175 are prototypes of the subgeno-
type IB, sequence CF-53 is a prototype of subgenotype IIB, and sequence SLF88 is a prototype of subgenotype IIA. DS49 equals PP941961, and DS62 is 
PP941962 in the GenBank database
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cases per 1000 blood bags were found for HAV RNA and 
B19V DNA, respectively. Considering that the total num-
ber of released blood components was 353,302 in these 
two years, the expected numbers of components contam-
inated with HAV and B19V were 587 and 1,174, respec-
tively (Table 6).

Expected number of potentially infectious blood 
components for HAV and B19V blood donations
Regarding B19V, three blood bags were considered infec-
tious since they showed viral load above 104IU/mL and 
were negative for anti-B19V IgG, being one of these sam-
ples also confirmed by endonuclease treatment (DS190-
241), which indicates an infectious donation rate of 3 in 
1,204 (0.25%, 95% CI 0.06–0.66). For HAV, two blood 
bags with a viral load above 103 IU/mL and negative for 
total anti-HAV were detected, indicating an infectious 

donation rate of 2 in 1,204 (0.17%, 95% CI 0.03–0.53). 
Considering that the total number of released blood 
components in the period 2018–2019 was 353,302 and 
that the infectious donation rate of HAV-RNA and B19V 
DNA were 0.17% and 0.25%, respectively, we estimated 
that 587 (95% CI 90-1880) blood bags were potentially 
transmissible for HAV and 880 (95% CI 210–2334) bags 
were potentially transmissible for B19V (Table 6).

Discussion
In this study, a retrospective analysis of plasma samples 
was obtained between July 2018 and December 2019 in 
the Rio de Janeiro Blood Bank, and the incidence of HAV 
RNA was 1.66 per 1,000 donors. Although few data are 
available regarding the incidence of HAV RNA in blood 
donors worldwide, the prevalence rate observed in this 
study was higher than those observed, for example, 

Fig. 3  Phylogenetic analysis of B19V sequences detected from blood donors. The phylogenetic tree was constructed using the Maximum Likelihood 
method using the Tamura-Nei + G + I model based on sequences of 476 bp of VP1/VP2 do B19V. Samples of black diamonds were from this present study. 
Sequences Stu, S2827, 09BRSP6896, PA79055BR, PA91018BR, PVBAUA, IRE1, C39, BrllI, 176,937, S2337, B19-Wi, HV were from subgenotype 1a prototypes. 
Sequences Vn147 and Vn115 were from subgenotype 1b prototypes. Sequences A6 and LaLi were from genotype 2 prototypes. Sequences V9 and D91.1 
were from genotype 3 prototypes. DS190-241 equals PP941963, DS75 is PP941964, and DS190-346 is PP941965 in the GenBank database
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in USA blood banks, whose prevalence rates ranged 
from 0% (0/100,360) in fresh frozen plasma to 0.005% 
(6/1,297,945) in whole blood bags [51]. In China, recent 
findings showed an incidence of 0% (0/5,030 and 0/728) 
in blood donors [1]. These differences may be due to the 
different sample sizes evaluated, variations in study con-
ditions, and the demographic and epidemiologic charac-
teristics of the population.

There is no data on HAV RNA incidence in blood 
donors in Brazil. The higher percentage found in this 
study may be justified by the period in which the samples 
were obtained, as outbreaks of hepatitis A were reported 
in neighborhoods of Rio de Janeiro between 2017 and 
2018. Similarly, Gallian et al. [52] recently presented sim-
ilar data in a study conducted in France in 2018, which 
reported an increase in the prevalence of HAV RNA in 
blood donors from 0.86/106 to 4.5/106 donors following 
an outbreak of hepatitis A in the country.

Of the HAV RNA-positive individuals blood donors, 
75% were male and between 30 and 60 years old. 
According to the Brazilian viral hepatitis epidemiologi-
cal bulletin for 2018, 68.2% of hepatitis A cases in the 

southeastern region of Brazil occurred in men aged 
between 20 and 39 years [53]. In 2018, Amado et al. dem-
onstrated an outbreak of hepatitis A in Rio de Janeiro, 
with a higher incidence also in men aged between 20 
and 29 years [54]. This increase in men, particularly in 
this age group, has also been reported in other countries, 
especially in men who have sex with men [55, 56].

In a clinically asymptomatic person, a high HAV load 
(1.58 × 105 copies/mL) was found in combination with the 
absence of anti-HAV antibodies (IgM and total). After 
HAV infection, viremia peaks 1 to 20 days before ALT 
peaks and decreases during and after the icteric phase. 
HAV RNA is detectable in the icteric phase and becomes 
undetectable 2–6 months later, while IgG antibodies are 
first detected in the recovery phase and remain detect-
able for life. Thus, the presence of HAV RNA in the 
absence of anti-HAV IgM and IgG in the blood indicates 
a recent HAV infection, whose viral incubation period 
which lasts on average 28 days and precedes the symp-
toms [57]. Although it was not possible to detect the 
HAV load of the other positive donor, the absence of 
anti-HAV antibodies also indicates a period of the immu-
nological window. This data raises concerns because the 
long incubation period of HAV is a factor that can influ-
ence the risk of transfusion transmission, as donors may 
have the virus circulating in their blood at the time of 
donation and are unaware of this condition.

The incidence of B19V DNA in blood donors found in 
the present study (0.33%) was similar to the one from a 
previous study conducted in central-west Brazil, which 
showed a prevalence of 0.26% [33]. However, a higher 
prevalence was reported in Southeast (1.0%, 1/91) and 
in Southern Brazil (1.9%, 9/480) in peripheral blood 
samples from volunteer blood donors by the same group 
[34]. These different rates of B19V DNA in Brazil prob-
ably reflect the great diversity of geographical regions 
due to the large size of the country, seasonal variations 
of the viral circulation, and/or a possible ongoing B19V 
outbreak in the state of Rio Grande do Sul, as hypothe-
sized by the authors, since some clusters of B19V isolated 
appeared in the phylogenetic tree.

Nonetheless, the prevalence of B19V was found to be 
higher in Brazil compared to countries like Japan (0.01%) 
[58], Austria (0.26%) [27], and The Netherlands (1/30829 
donations in 2003–1/10319 donations in 2004) [59], 
which routinely screen donated plasma for B19V DNA 
to exclude donations with a high B19V load before frac-
tionation. This highlights the need to review the surveil-
lance measures for Parvovirus B19 among blood banks 
in Brazil. B19V DNA prevalence was also higher than in 
Korea (0.1%) [60], China (0.06-0.58%) [1, 61], Denmark 
(0.006%) [58], and Portugal (0.18%) [62]. These differ-
ences could be due to geographic or seasonal differences 
in B19V circulation.

Table 5  Profile of serological and molecular markers of positive 
samples for B19V-DNA from blood donors in Rio De Janeiro
Sample dilution Single Pool

Cq Viral load (IU/mL) Cq Viral load (IU/mL)
10 − 1 19.2 4.8 × 108 21.1 1.6 × 108

10 − 2 22.8 6.0 × 107 24.7 2.0 × 107

10 − 3 26.6 6.9 × 106 27.8 3.5 × 106

10 − 4 28.7 2.0 × 106 30.3 8.6 × 105

10 − 5 28.2 2.9 × 106 30.4 7.8 × 105

10 − 6 30.0 9.9 × 105 31.6 3.9 × 105

10 − 7 35.2 5.2 × 104 36.9 1.9 × 104

10 − 8 36.6 2.3 × 104 ND ND
10 − 9 36.8 2.1 × 104 ND ND
10–10 ND ND ND ND
10–11 37.0 1.8 × 104 ND ND
10–12 ND ND ND ND
Cq = Cycle of quantification; IU/mL: International units per milliliter; ND: 
non-detected

Table 6  Estimated number of plasma bags contaminated with 
HAV and B19V in blood donors during 2018–2019
Period (Years) Plasma bags

N Mode (95% HPD)
Geral (2018 e 2019)
HAV
Total 1.204 -
PCR-Positive (per 1000 plasma bags) 2 1.66 (0.25–5.47)
Expected number of contaminated bags 587 (92-1932)
B19V
Total 1.204 -
PCR-Positive (per 1000 plasma bags) 4 3.32 (1.00-7.81)
Expected number of contaminated bags 1,174 (355–2759)
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Three highly viremic (105 and 107IU/mL), recently 
infected, B19V IgG-negative blood donors were detected 
in this present study. Regarding infectivity, blood prod-
ucts and plasma derivatives prepared from pools with 
B19V DNA levels below 104IU/mL are safe [63]. There-
fore, these samples were potentially infectious. In one of 
these samples, it was possible to perform pre-treatment 
with endonuclease to evaluate the infectious potential of 
such samples. The result obtained was corroborated with 
the hypothesis of acute infection due to the slight reduc-
tion in viral load from 3.02 × 107IU/mL to 2.70 × 107IU/
mL, showing that this value is due to the presence of 
infectious particles resulting from active viral replication 
and indicating the transmissive potential of B19V from 
this positive blood donor. The other B19V DNA-positive 
sample was low viremic and B19V IgG-positive. With 
the pre-treatment with endonuclease of these samples, 
it was possible to observe a reduction in viral load from 
103IU/mL to a non-detectable load. This result indicates 
that the DNA detected was obtained from “naked DNA”, 
indicating the absence of infectious viral particles, sug-
gesting a persistent infection, and ruling out the trans-
missive potential of this sample. In 2017, Reber et al. [64] 
also demonstrated the usefulness of this assay for the 
correct interpretation of diagnosis of persistent infection 
with B19V. Other authors have also demonstrated per-
sistent low B19V DNA in blood donors [63]. However, 
although the presence of a very low persistent viral load 
in the blood donations seems not to affect the process of 
plasma manufacturing as usually, the presence of anti-
B19V IgG seems to neutralize the virus, B19V infection 
can have serious consequences depending on the clinical 
condition of the patients (or their anti-B19V IgG status) 
treated with hemoderivatives.

Based on the incidence of HAV-RNA observed in this 
study, we estimated 587 contaminated blood components 
within the total number of bags released for clinical use 
(n =  353,302) during the studied period (2018–2019), 
using statistical modeling. This number was the same for 
blood components with transmissibility potential param-
eters adopted in this study. There is no consensus about 
the HAV viral load cut-off for defining the blood product 
infectivity threshold. Case reports indicate that relatively 
low viral loads may be capable of infecting recipients, 
even generating severe conditions, depending on the 
health conditions of these individuals [7].

The incidence of B19V DNA observed in this study 
(0.33%) reflects 1,174 potentially contaminated blood 
components from 2018 to 2019. However, considering 
the rate of infectious donations, 880 blood bags with 
B19V transmissive potential were estimated for this 
period. The adoption of selective screening measures for 
the B19V in blood products, especially during periods 
of infectious erythema epidemics [19], and/or for use in 

patients with hematological diseases like sickle cell dis-
ease and beta-thalassemia, where the B19V infection can 
be fatal and evolve to extensive bone marrow necrosis.

The limitation of the study was the insufficient volume 
of serum samples for serological tests and the assessment 
of infectivity in all cases.

This study originally assessed the incidence of both 
Hepatitis A Virus (HAV) and Parvovirus B19 (B19V) 
among Brazilian blood donors, as well as the potential 
risk of residual transmission of these infections through 
blood transfusions. Our findings can contribute to future 
cost-effective studies aimed at implementing screening 
methods for these viruses, which could enhance discus-
sion on surveillance in blood banks and protective mea-
sures for blood recipients.
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