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Abstract

Background: Parvovirus B19, the only known pathogenic human parvovirus is the aetiologic agent of erythema infectiosum, transient aplastic
crisis, pure red cell aplasia, and hydrops fetalis. Transmission is either by respiratory secretions or, as it can be present at high titre in plasma,
by blood and blood products. B19 is only cultured with difficulty in vitro, and there is no readily available assay for detecting B19 infectivity
or neutralizing antibodies.

Objectives: In this study, we evaluated different methods to detect viral infection for the purpose of developing automated methods for
large-scale testing of viral infectivity, development of neutralizing antibody and viral inactivation assays.

Study design: Different cell lines were evaluated for their ability to support B19 infection and assays tested for sensitivity and ease of
Performing. A high-throughput assay was validated by determining infectious virus in blood pools and for determining neutralizing antibody
in sera.

Results: B19 protein production was detected by immunofluorescence (IF) staining and increased viral DNA production by dot blot hybridiza-
tion and quantitative PCR. The detection of RNA transcripts by RT-PCR assay and quantitative RT-PCR (gRT-PCR) was used as an indirect
marker for infection. Of the cell lines tested, the subclone UT7/Epo-S1 showed the greatest sensitivity to B19 infection, with detection
of viral transcripts by qRT-PCR the preferred assay. The assays were validated by experiments to determine the infectious titre of sera
from acutely infected humans, to evaluate the presence of infectious virus in human donor plasma pools and to measure neutralizing
antibodies.

© 2006 Elsevier B.V. All rights reserved.

Keywords: Parvovirus B19; Erythrovirus infections; Neutralizing antibody

1. Introduction

Parvovirus B19 is the only known parvovirus pathogenic
to humans. It is associated with a number of diseases
including erythema infectiosum (“fifth disease”) in children,
arthropathy commonly seen in women, transient aplastic cri-
sis in individuals with high red cell turnover, pure red cell
aplasia in immunocompromised patients, and hydrops fetalis
following infection during pregnancy (Young and Brown,
2004).
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B19 is highly erythrotropic and replicates to high titre
in erythroid progenitor cells. In healthy individuals, at the
height of the transient viraemia, viral titres as high as 10!3
genome equivalents (ge)/mL are detectable. Individuals are
often asymptomatic at this time, and highly viraemic blood
donations do enter the blood supply. In addition, as the virus
has only a small (5600 nucleotide) DNA genome, and is non-
enveloped, the virus is relatively heat resistant (Schwarz et
al., 1992) and not removed by solvent/detergent methods nor-
mally used to inactivate virus (Mortimer et al., 1983b; Sayers,
1994). Depending on the sensitivity of the assay, B19 DNA
can be detected in between 0.1 1% and 0.003% of blood donor
samples (Jordan etal., 1998; McOmiish etal., 1993; Mortimer
etal., 1983b; Tsujimura et al., 1995; Wakamatsu et al., 1999),
and transmission of B19 infection to recipients of both blood
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and blood products has been frequently documented (Azzi
et al., 1999). Attempting to reduce the risk of B19 infection
has become a major concem for blood and blood product
suppliers in Europe and America (Brown et al., 2001), with
many countries how advocating screening of plasma pools to
remove samples containing high B19 viral titres.

However, B19 DNA appears to be very stable and low lev-
els of B19 DNA can persist in serum and a range of tissues
for months following acute infection (Soderlund-Venermo et
al., 2002), and detection of viral DNA does not equate nec-
essarily with active viral infection. In addition, assays for
detecting infectious virus are extremely limited. Although
B19 has been shown to replicate in vitro in primary erythroid
progenitor cells from bone marrow (Mortimer et al., 1983a),
peripheral blood (Ozawa et al., 1986) and fetal liver (Brown et
al., 1991; Yaegashi et al., 1989), very few cell lines have been
found to be permissive for B19 infection, and even in these,
viral replication is inefficient. The first cell line described
to be permissive for B19 infection was an erythropoietin
(Epo)-dependent subclone of UT7, a megakaryoblastoid cell
line (Shimomura et al., 1992). Since then, a limited num-
ber of additional cell lines have been described, including
KUS812Epé6, an erythroleukaemic cell line (Miyagawa et al.,
1999), and JK- 1 cells (Takahashi et al., 1993). To date no com-
parative studies of the differences in susceptibility/sensitivity
and permissivity amongst these cell lines have been pub-
lished.

A number of different methods have been suggested
for detecting parvovirus B19. Currently, methods for iden-
tifying active clinical B19 infections include detection of
B19 nucleic acid testing by direct dot blot hybridization
(Anderson et al., 1985) or PCR (Cassinotti et al., 1993;
Clewley, 1992), and more recently RT-PCR for RNA tran-
scripts (Wong et al., 2003). Similar methods have been used
for detecting infection in cells or cell lines, but little has
been published on the relative sensitivity of the different
methods.

In this study we compared the susceptibility/sensitivity
of various cell lines to B19 infection and evaluated different
methods to detect viral infection. In addition, we established
a high-throughput method for detection of B19 infection
and validated the assay by using it to detect infectious
virus in plasma pools and neutralizing antibodies in serum
samples.

2. Materials and methods
2.1. Cell lines

Cell lines were obtained from American Tissue Type Col-
lection (ATCC, Manassas, VA, USA) and maintained in Dul-
becco’s modified Eagle medium (DMEM) plus 10% fetal calf
serum (FCS), penicillin, streptomycin and glutamine (P/S/G;
Gibco/Invitrogen, Carlsbad, CA, USA)at 37 °C with 5% CO,
unless otherwise stated. UT7/Epo (Shimomura et al., 1992)
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were maintained in RPMI 1640 with 10% FCS and 5 U/mL
of Epo (Amgen, Thousand Oaks, CA, USA). UT7/Epo-S1,a
subclone of UT7/Epo and a gift from Dr Sagamura (Morita et
al., 2001) were maintained in Iscove’s modified Dulbecco’s
media (IMDM) plus 10% FCS, and 2 U Epo/mL. KU812Epé,
a gift from Dr Miyagawa (Miyagawa et al., 1999) were main-
tained in RPMI 1640, 10% FCS and 6 U Epo/mL K-562 and
JK-1 cells (Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ), Braunschweig, Germany) were main-
tained in RPMI 1640, with 10% FCS.

2.2. BI9, serum and plasma sources

Plasma and serum samples containing high-titre infectious
B19 was obtained from several sources. J35 was obtained
from a sickle-cell patient in aplastic crisis, and previously
determined to be negative for both B19 IgM and IgG (data
not shown). Additional plasma samples were obtained from
normal donors at the time of blood donation, and provided
by Mei-Ying Yu at CBER, FDA and Aris Lazo at V.I. Tech-
nologies, Inc. The WHO standard sample (Saldanha et al,
2002) was obtained from National Institutes of Biological
Standards and Control (NIBSC), South Mimms, UK.

Plasma pools containing high-titre B19 were a kind gift
of Matthias Gessner of Baxter. Serum samples from lab-
oratory donors and healthy blood donors obtained as part
of the National Heart, Lung, and Blood Institute (NHLBI)
Retrovirus Epidemiology Blood Donor Study, NHLBI repos-
itory, and previously tested for antibody to parvovirus
B19 (Brown et al., 2004) were used in the neutralization
assay.

2.3. Comparison of infectivity of different cell rypes

The infection assay was as previously described (Nguyen
et al., 2002). Briefly, on the day before infection, cells were
split 1:2 with appropriate media to induce cell division. On the
day of infection, cells were seeded at 2 x 105 cells/100 uL,an
equal volume of virus dilution was added and the infection
was allowed to incubate at 4°C for 2h. After the incuba-
tion, 800 pL of appropriate media was added to the infection
bringing the volume to 1 mL. The cells were transferred to a
24-well plate and incubated at 37 °C and harvested for anal-
ysis on Days 1, 2, 3, or 6.

2.4, Immunofluorescence (IF) assay for B19 capsid
proteins

Cells were evaluated for B19 protein production by IF
staining. Approximately 5 x 10* cells were collected onto
glass slides by cytocentrifugation at 1500 rpm for 8 min and
fixed in methanol—acetone (1:1) at —20°C. Viral capsid pro-
teins were detected by mouse anti-B 19 monoclonal antibody,
521-5D (a gift from Larry Anderson, CDC, Atlanta, GA,
USA) followed by goat anti-mouse IgG FITC (Zhi et al,
2004).
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2.5. BI9 DNA

DNA direct hybridization was used to quantitate the B19
copy number as previously described (Brown et al., 1994).
Briefly, plasmid pYT103 was diluted to give a range of
DNA concentrations (0, 0.1, I, 10, and 100 pg/pl). Plas-
mid dilutions, serum samples or extracted DNA (10 i)
were added to 200wl 0.333M NaOH and incubated at
room temperature to denature the DNA. The samples were
then applied to a nylon membrane (0.45 um pore, Nytran
Plus, Schleicher and Schuell, Keene, NH, USA) using
a dot blot manifold apparatus (96-well, Schleicher and
Schuell), the membrane washed in 6x SSC, and the mem-
brane baked at 80°C for an hour in a vacuum oven. The
membranes were hybridized with a 3P random-primed
probe of the complete B19 coding region (EcoRI digest
of pYT103) in Hybrisol (Serologicals Corporation; 42 °C
overnight). The membranes were washed with 2x SSC;
0.1% SDS at room temperature and 0.1x SSC; 0.1% SDS
for 20min at 55°C, and then exposed to either a “phos-
phor” screen (Molecular Dynamics, GE Healthcare) or X-ray
film.

2.6. Quantirative PCR

DNA was extracted from cells and supernatant using the
QIAmp DNA mini Kit (Qiagen, Valencia, CA, USA), and
quantitated by gPCR using the QuantiTect Probe PCR kit
(Qiagen), using primers in the capsid region of the virus.
Specifically the primers and probe used were B19-Cap-F
(5-TACCTGTCTGGATTGCAAAGC-3';0.4 pM) and B19-
Cap-R (5'-GATGGGTTTTCTAGGGGATTATC-3'; 0.4 uM)
and 0.2:M B19-Cap-Probe probe (6-FAM-ATG GTG GGA
AAG TGA TGA TGA ATT TGC TA-Black Hole Quencher).
Quantitation of the number of genome copies was estimated
by comparison to a standard curve obtained from serial dilu-
tions of the pYT103, and confirmed by testing the NIBSC
standard (Saldanha et al., 2002).

2.7. RT-PCR

As previously described, an RT-PCR assay was used to
look for spliced viral transcripts as a marker for infection
(Nguyen et al., 2002). Briefly, cells were harvested and total
RNA extracted using 200 L RNA STAT-60. Contaminating
DNA was removed using RQ1 DNAse (Promega) incubation
for 15 min at room temperature and RNA was reverse tran-
scribed by initially incubating RNA with random primers
and reverse transcriptase, Superscript II (Invitrogen), prior to
PCR amplication with primers B19-9 and B19-1. To increase
detection of spliced products from the RT-PCR reactions,
products were resolved on a 2.5% NuSieve agarose gel and
southern hybridization was performed using probe labeled
with alkaline phosphatase (CDP-Star AlkPhos labeling kit,
Amersham).

2.8. Quantitative RT-PCR

RNA transcripts were quantitated by real-time RT-PCR
designed to amplify products in the capsid and NS regions
using the QuantiTect Probe RT-PCR kit (Qiagen). The
QuantiTect Probe RT-PCR master mix and QuantiTect
RT mix was combined with 0.4 pM of the amplification
primers (NS primers 5'-GTTTTATGGGCCGCCAAGTA-
3 and 5-ATCCCAGACCACCAAGCTTTT-3'; capsid
primers 5-CCTGGGCAAGTTAGCGTAC-3' and 5'-
ATGAATCCTTGCAGCACTGTCA-3'), and 0.2 pM probe
(NS probe FAM 6'-CCATTGCTAAAAGTGTTCCA-BHQ1,
capsid probe FAM-TATGTTGGGCCTGGCAA-TAMRA).
After an initial activation step of 15 min at 95 °C, 45 cycles of
155 at 94°C and 60 s at 60 °C were performed. Quantitation
of the number of transcripts was by estimating the cDNA
copy number by comparison of a standard curve of serial
dilutions of pYT103 as described for the quantitative PCR.

To confirm extraction of RNA, and to normalize the
number of transcripts per cell, quantitative RT-PCR (qRT-
PCR) was performed using the same amplification con-
ditions, but with primers B-actin F (5'-GGCACCC-
AGCACAATGAAG-3"), B-actin R (5-GCCGATCCACA-
CGGAGTACT-3) and actin probe (5'JOE-TCAAGA-
TCATTGCTCCTCCTGAGCGC-3'BHQ). An actin standard
curve was obtained from serial dilutions of a plasmid contain-
ing an extended region of the actin coding sequence.

2.9. High-throughput gRT-PCR

To develop a high-throughput method for detecting
RNA transcripts, RNA was extracted from cells using
GeneStrips™ (RNAture, Irvine, CA, USA) according to the
manufacturer’s protocols. mRNA extracted using this method
was converted to cDNA using MMLV-RT (Invitrogen, Carls-
bad, CA, USA) following manufacturer’s protocol scaled up
to a 50 pL reaction volume. B19 RNA transcript production
was determined by gRT-PCR as described above.

In some experiments the infection volume was scaled
down to 100 pL and incubated in 96-well plates.

2.10. Detection of infectious virus in plasma pools

Plasma pools of 2000 donors that contained B19 DNA by
PCR B19 were tested for their ability to infect UT7/Epo-S1
cells. Infection was as described (100 pL infection volume)
and RNA was extracted with RNAture Genestrips and ana-
lyzed by gRT-PCR. The number of B19 DNA copies in
the original plasma pools was determined by quantitative
PCR.

2.11. Neutralizing antibody detection
Detection of neutralizing antibodies was assayed by gRT-

PCR. Serum or plasma from donors was incubated with serial
dilutions of high-titre B19 containing serum for 1 h prior to
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infection with UT7/Epo-S1 cells as described for infections
(100 pL in a 96-well plate). RNA was extracted from cells
using the RNAture Genestrips and analyzed by gRT-PCR.

3. Results

3.1. Comparison of sensitivity and permissiveness in
haematopoietic cell lines

The majority of the haematopoietic lines tested (HL-60,
HEL, KG-1,KG-1a, K-562, U-937) were negative by both IF
for capsid protein and detection of spliced transcripts indicat-
ing that the cells were non-permissive. Only UT7/Epo cells,
KU812Ep6, the UT7/Epo-S1 subclone and JK-1 cells showed
evidence of B19 infection with the UT7/Epo-S1 cells hav-
ing the greatest sensitivity. However, by IF, the number of
positive cells was always low, with <1% positive staining for
KU812Ep6, UT7/Epo and JK-1 cells, but approximately 15%
positive staining for UT7/Epo-S1 cells. This greater sensitiv-
ity was confirmed by detection of transcripts in UT7/Epo-S1
cells at 10% ge/infection of the high-titre serum, 3 logs lower
than that detected in the other cell lines. Subsequent studies
were all done with the UT7-Epo-S1 cells.

3.2. Comparison of sensitivity of different methods to
detect infectious B19

IF staining for B19 capsid protein production detected
infected cells consistently at 1072 to 10~3 dilutions of high-
titre serum (>10'2 ge/mL), but the number of positive cells
was low (15-1%). Determining viral DNA production by
direct hybridization of viral DNA by dot blot was limited
to detection above 10° ge/infection, in part because only
10 pL of sample was analyzed from a 1 mL infection. In time
course experiments, when infecting with high concentrations
of virus (10° ge/mL) spliced transcripts could be detected on
the first day, rising on the third day. When samples were tested
on Day 3, the most sensitive methods were those detecting
RNA transcripts, either by conventional or qRT-PCR assay
or detecting the increase in viral DNA production by gPCR
(Table 1).

Table 1
Comparison of the different sensitivities of assays used to determine B19

infectivity

Sensitivity, genome
equivalents (ge)

Detection method

Protein: IF ~108

DNA: dot blot hybridization 10°
DNA: guantitative PCR 104
RNA: RT-PCR 104
RNA: quantitative RT-PCR 10*

UT7/Epo-S1 cells were infected with dilutions of B19, and cells assayed on
Day 3. Results are the minimum amount of virus added to a I mL cell culture
to detect infectivity.
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Table 2
Comparison of the number of infectious units of B19 to the virai DNA in

different serum or plasma samples

Viral stock Genome equivalents  Infectious ge/infectious units
((ge)/mL x 101%) (units/mL)

135 332420 108 3.3 % 10°

Vs2 10229 10° 1.0x 10*

Vi 2003 108 2.0 x 104

V2 29402 108 29x 10

V3 0.1£0.1 2x 107 5% 10°

CBER STD 1.0 108 1.0x 104

Viral DNA measured by gPCR. UT7/Epo-S1 cells were infected with serial
dilutions of virus, on Day 3 RNA was extracted with RNA STAT60 and B19

transcripts detected by RT-PCR.

3.3. Comparison of the infectivity of different serum
samples with viral copy number

Serial dilutions of different viral sera stock were used to
infect UT7/Epo-S1 cells, and the infectious titre determined
by the endpoint of detection using RT-PCR (Table 2). The
viral genome equivalents in each sample was determined for
each sample by qPCR and confirmed by dot blot analysis and
the ratio of viral DNA (ge) were compared to infectious units.
The ratio of genome equivalents were relatively high com-
pared to infectious units, with ratios ranging from 2 x 10° ge
in the J35 stock to 5 x 107 ge per infectious unit in the CBER
standard.

3.4. Comparison of RNA extraction methods

Cell lysates were directly incubated in RNAture “Gen-
estrips”, washed off, and cDNA synthesized in situ, prior to
qPCR. In direct comparion tests RNA extracted from scaled
down 0.1 mL cultures with RNAture Genestrips showed com-
parable sensitivity to 1 mL cultures extracted with RNA
STAT-60 (Table 3).

Table 3
Equivalent sensitivity of detection of infectious virus using two different

methods of RNA extraction and B19 transcript detection

Virus dilution Standard method High-throughput method
Day 0 Day 3 Day 0 Day 3

1073 - b 0 27.345

107° - +H+ 0 1328

10~7 - +H ] 231

108 - - 0 i

10-? - - 0 0

A plasma stock (V1) was serially diluted in culture medium and used to infect
UT7/Epo-81 cells. Standard method, RNA was extracted froma I mL culture
using RNA STAT-60 and transcripts detected by RT-PCR. +++, bands easily
detected by ethidium bromide staining and with an alkaline phosphatase-
labeled specifc probe; —, bands not detected; and high-throughput method,
RNA was extracted from a 0.1 mL culture using RNAtureGenestrips and
transcripts detected by NS qRT-PCR. Quantitations are given as ge/uwl of
RT reaction volume.
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Detection of infectious B19 in plasma pools
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Sample # Stock (ge)/mL x 1012 RT-PCR result VP gRT-PCR (ge/infection) x 108 NS qRT-PCR (ge/infection) x 108
Pool #1 1.8+04 ++ 2.1+009 22+14

Pool #2 3.21+0.1 +H+ 46108 3.7+09

Pool #3 05+0.1 ++ 28403 2.1+04

Pool #4 05+0.04 +H+ 2609 24405

Pool #5 0.005 £ 0.0005 + 0.0023 £ 0.001 0.0036 + 0.002

Pool #6 1.1£0.3 ++ 3.01+02 1.4+0.05

No virus 0 - 0 0

The amount of B19 in six plasma pools (previously known to contain B 19) was determined by gPCR and the presence of infectious virus was determined by
infection of UT7/Epo-S1 cells and detection of RNA transcripts after by either RT-PCR or using RNAture Genestrips and gRT-PCR amplifying the capsid (VP)
and nonstructural (NS) regions.

3.5. Detection of infectious virus in pooled blood 4. Discussion

products .
Although the erythroid tropism and inhibition of erythroid
colony formation was demonstrated in 1983 (Mortimer et
al., 1983a) and replication in vitro infection of bone mar-
row was demonstrated in 1986 (Ozawa et al., 1986), there
is still no readily available method for culturing parvovirus
B19 in the laboratoty, limiting both the virus availability and
the ability to develop assays to determine B19 infectivity.
Similarly there are no readily available methods for detect-
ing neutralizing antibodies in patient samples, or for testing
viral inactivation procedures for blood and blood products. -
A number of cell lines have been described that support
B19 infection, and a number of infectivity assays have been
described, based on these cell lines. Specifically, infection
and neutralization assays based on UT7/Epo cells (Bostic et
al., 1999), KU812Epé6 (Blumel et al., 2002; Bonvicini et al.,
2004; Miyagawaetal., 1999; Saitoetal., 2003) and UT7/Epo-
S1 (Prikhod’ko et al., 2005) cells have all been described.
More recently, cells that are not fully permissive for B19
infection have also been evaluated (Caillet-Fauquet et al.,
2004) However, there have been no attempts to compare the
different cell types or sensitivity of the different methods. In
addition, many of the methodologies are very labour inten-
sive, and/or require reading of TF, and are therefore not readily
automated or applicable to testing large numbers of samples.
In our study, IF was the least sensitive of the methods, with
apart from UT7/Epo-S1 cells, generally less than 1% of cells
being positive even after inoculation with high-titre virus.

To test the sensitivity of our high-throughput assay and to
test its potential application for screening plasma pools for
infectious virus we examined six plasma pools previously
identified as containing high-titre B19 DNA. gPCR analysis
confirmed that all samples contained B19 DNA, with five of
the six samples containing high B19 titres with >10'1 ge/mL.
The sixth sample had ~5 x 10° ge/mL. However, after infec-
tion of UT7/Epo-S1 cells, RNA transcripts could be detected
by both RT-PCR and gRT-PCR, indicating that all the pools
contained infectious B19 (Table 4).

3.6. Neutralization

As further validation of the high-throughput assay the
method was used to detect B19 neutralizing antibodies in
six sera of known B19 antibody status. After incubation with
serial dilutions of each serum with virus for 2 h, the anti-
body/virus complex was allowed to infect UT7/Epo-S1 cells
in a microtitre plate, RNA extracted at Day 3 RNAture Gen-
estrips, and qQRT-PCR performed. No block of infection was
detected in the two sera that were B 19 IgG negative (Table 5).
In contrast, at the highest concentration of virus, there was a
marked reduction in the number of viral transcripts with all
four sera. If a reduction of viral transcripts by >90% is con-
sidered the endpoint, then in two sera the neutralizing titre
was >10°, and in the other 103 and 104, respectively.

Table 5

Neutralizing antibody assay using quantitative RT-PCR in the B19 NS region

Serum sample 4 5 44 45 A B

1gG + + - + - + -
Serum alone 0 0 9 0 0 8
B19+ 1073 serum 189 0 5244 0 0 7393
B19+107* serum 30,215 3 14,423 50 34 5801
B19-+1073 serum 40,657 64 68,165 423 12,674 79,557
B19 alone 30,027 20,709 24234 19,666 11,448 20,676
Cells only 0 0 0 0 1 2

Normal donor serum was preincubated with dilutions of high-titre B19 plasma (>10'2 ge/mL) and used to infect UT7/Epo-S1 cells. A representation of
quantitative data obtained is shown and given in ge/wL of RT reaction volume and normalized against the qPCR obtained for B-actin.
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This percentage of positive cells was lower than published in
the literature: Miyagawa reported KU812Epé6 cells as having
about 30% of the cells positive for B19 infection (Miyagawa
et al., 1999), and Morita reported that 40% of the UT7/Epo-
S1 stained positive for B19 infection (Morita et al., 2001).
Some of these discrepancies may be due to the amount of
virus used for the infection (at higher titre we can observe that
30% of cells are positive), differences in culture techniques,
and the specificity of the antibody used (Mab 521-5d used in
these studies is specific for capsid conformational epitopes).
However, as reading IF slides is not readily automated we did
not spend more time optimizing the method.

Assays based on RT-PCR were the most sensitive assays,
and in contrast to DNA-based assays were not confounded
by input viral genomes. As with the IF assay, they also con-
firmed that the UT7/Epo-S1 cells were the most sensitive
cell line, and using these cells, we could detect infectious
virus with inoculums of ~10* genome copies. This is also in
keeping with other published results that suggest the ratio of
infectious virus:genome copies is 1:10,000 (Bonvicini et al.,
2004; Miyagawa et al., 1999), not dissimilar to that of other
Parvoviridae (Tattersall and Cotmore, 1988).

Due to the concems of B19 contamination in blood and
blood product, there is currently great interest in not only
developing methods to detect infectious virus, but also to
evaluate methods of viral inactivation/removal. Due to the
difficulty in working with B19, many inactivation studies
have been undertaken using a surrogate parvovirus, nor-
mally porcine parvovirus. However, when comparisons have
been undertaken, porcine parvovirus and B19 have differ-
ent properties as far as heat inactivation (Blumel, 2004)
and pH stability (Boschetti et al., 2004), suggesting where
possible the model virus should be studied. Although we,
with colleagues, have previously described infections assays
based on UT7/Epo cells by detection of spliced transcripts
(Bostic et al., 1999; Lazo et al, 2002) or quantitative
PCR (Prikhod’ko et al., 2005), we believe that the com-
bination or RNA extraction process with quantitative RT-
PCR is the easiest method for detecting B19 infection
under a wide range of different clinical and experimental
conditions.

Finally, the detection of neutralizing antibodies for
parvovirus B19 continues to be challenging. Although
methylcellulose-based assays were originally described, they
are insensitive, and require large amounts of infectious virus,
and are quite labour-intensive both to set up and to read. In
contrast, the assay described here, requires small amount of
B19 virus, and can be readily set up in a microtitre plate
format. In some patients, especially immunocompromised
patients, who have low levels of DNA in serum or tissues in

the presence of B19 IgG, the decision as to whether treatment
with IVIG would be beneficial can be difficult. Measurement
of neutralizing antibodies in these circumstances would be
helpful. In addition, such assays will be critical in determin-
ing the response to B19 immunization when the B19 vaccine
becomes available.
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5. Conclusions

This assay can be used to detetmine the infectious titre of
parvovirus B19 in a number of different settings. In addition,
the ability to automate many of the steps in the assay may
allow this assay to be used more widely than is currently

available.
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Little information is available on the immune response to
parvovirus B19 after the administration of contaminated
blood products. In the present study, we found that levels
of B19 IgG in B19-seropositive recipients protect against re-
infection and, after transfusion with pooled plasma contain-
ing B19 DNA (1.6 X 10° IU/mL), increase from 19-39 IU/mL
to 50~100 IU/mL. We found that, in the presence of 1.6-2.2
X 10° IU of B19 DNA/mL in B19-seronegative recipients, a
pooled-plasma B19 IgG level of 59.5 IU/mL is insufficient to
prevent B19 transmission and subsequent seroconversion.
These data should lead to improvements in the assessment
of blood-product safety.

Parvovirus B19 can cause severe disease in immunocompro-
mised individuals, and B19 infection during pregnancy can lead
to fetal mortality. B19 infection is transmitted either via re-
spiratory secretions or via administration of contaminated
blood or blood products. The latter mode of transmission is
especially problematic because of the high resilience of B19 to
many of the treatments used in plasma processing, such as
solvent-detergent treatment, lyophilization, and high temper-
atures [1], and also because of the extremely high levels of
viremia in acutely infected, and often asymptomatic, individuals
(>10" B19 DNA genome equivalents [GE]/mL or IU/mL) [2].

Significant efforts to minimize the B19 viral load in blood
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products commenced in the late 1990s because of the advent
of robust DNA extraction and B19 polymerase chain reaction
methodologies in addition to cases of B19 seroconversion in
healthy volunteers who received contaminated plasma as part
of a postmarketing surveillance study [3]. Most manufacturers
now undertake minipool B19 nucleic acid testing to reduce
plasma-pool levels of B19 DNA to <10* IU/mL, to conform
with US Food and Drug Administration (FDA) proposals
(available at: http://www.fda.gov/). Standardization of B19
DNA and IgG quantitation, as well as the establishment of
validated serological assay systems, has also contributed to im-
provements in blood-product screening paradigms. The reg-
ulatory requirement that levels of B19 DNA in anti-D antibody
preparations be <10* IU/mL [4] further illustrates the actions
taken by regulatory agencies to effectively improve blood-prod-
uct safety. ,

In the future, because of enhanced screening protocols, B19
transmission after the administration of blood products should
become a less frequent event. However, heightened awareness
of B19 has resulted in the emergence of relevant information
regarding the infectious dose of B19 and the role played by
B19 IgG in attenuating transmission. Koenigbauer et al. {5]
reported a case of B19 infection in a 36-year-old woman that
resulted from administration of a solvent/detergent-treated
pooled plasma that was subsequently recalled by the American
Red Cross after high levels (10’-10° GE/mL B19 DNA) of B19
DNA were detected by the manufacturer. Blumel et al. [6] de-
tailed 2 cases of B19 infection resulting from the administration
of B19 IgG™ plasma protein—complex concentrates: 1 individual
received 180 mL of heat-treated concentrate containing 8.6 X
10®* GE of B19 DNA/mL (1.5 X 10° GE total), and the other
received 996 mL of material containing 4 X 10> GE of B19
DNA/mL (3.9 X 10° GE total). The transmission of B19 by a
factor VIII concentrate (free of B19 IgG) has been documented
in a case in which seroconversion occurred as a result of in-
fusion of 2 X 10* IU of B19 DNA (1.3 X 10® TU/mL) {7]. Sol-
vent/detergent-treated plasma (Plas+SD) has also been iden-
tified, subsequent to a postmarketing surveillance study of this
product, as the source of B19 infection that occurred in 18
individuals [3, 8]. It was concluded that B19 IgG in pooled
plasma (64.7 £ 17.5 IU of B19 IgG/mL; [9]) was not protective
in the presence of high B19 viral titers (10°-10° GE/mL) and
that plasma lots containing low viral titers (10°°~10** GE/mL)
did not cause B19 infection in plasma recipients. However, de-
tailed serological analysis of this event has not been forthcom-
ing, and the significance that the data have for wider issues of
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B19 infectivity and immunity merits consideration. In the pres-
ent article, we describe the serological analysis of specimens
obtained from 10 individuals who participated in the post-
marketing study [3, 8]; this analysis extends our knowledge of
the immune response to B19 exposure.

Materials and methods. As part of a postmarketing study,
100 adult volunteers, previously determined to be B19 IgG* by
use of an Escherichia coli-based EIA to detect B19 IgG, were each
transfused with 1 unit (200 mL) of pooled plasma (Plas+SD)
[3, 8, 10]. Paired plasma specimens (blinded) were obtained
pretransfusion and 1 month posttransfusion from 10 of the
volunteers.

The 20 plasma specimens were analyzed for both B19 IgM
and B19 IgG reactivity against capsid (conformational) VP2
(VP2-N), by use of FDA-approved ElAs (Biotrin). B19 IgG
levels were quantified using the World Health Organization B19
IgG International Standard (93/724) [11]. Furthermore, B19
IgG reactivity against conformational (N) and linear (D) epi-
topes on VP1 (VP1-N and VP1-D, respectively) and to linear
VP2 (VP2-D) was analyzed as described elsewhere [12]. The
subsequent classification of pooled-plasma recipients into groups
I, II, and III, as well as the details of plasma pools used for
transfusion, is shown in table 1.

Results.  Figure 1A shows that specimens from groups I and
11 contained no VP2-specific IgM reactivity, whereas specimens
from group IH exhibited high levels of B19 IgM reactivity post-
transfusion, thereby confirming acute B19 infection in this co-
hort. Analysis of the B19 IgG reactivity of individual plasma
specimens was performed both pre- and posttransfusion, and
3 specimens (01002, 01052, and 01098) of 10 exhibited reac-
tivity against VP2-N pretransfusion, with the range of B19 IgG
in these specimens being 19-39 IU/mL (figure 1B, group I);
there was a subsequent increase in the level of B19 IgG reactivity
posttransfusion, which resulted in 2 of 3 specimens (both trans-
fused with plasma pool PS3 [table 1]) exhibiting B19 IgG levels
>100 IU/mL and the third specimen exhibiting an increase to
50 IU/mL.

A further 3 specimens (01023, 01053, and 01055), 2 of which
were from individuals transfused with plasma pool PS2A (table
1), were seronegative for antibodies against VP2-N (B19 IgG
<3 1U/ml), both pre- and posttransfusion (figure 1B, group II).

The remaining 4 paired pretransfusion specimens tested con-
tained no detectable B19 IgG against VP2-N; however, the cor-
responding paired posttransfusion specimens exhibited evidence
of B19 seroconversion and exhibited high levels of reactivity
against VP2-N epitopes (figure 1B, group III); this reactivity
corresponded to B19 IgG levels >100 IU/mL in 2 of 4 of the
specimens, whereas the remaining 2 specimens contained lower
levels of B19 IgG, equivalent to 50 and 78 IU/mL, respectively.
For each specimen, the pattern of reactivity against VP1-N epi-
topes was identical to that exhibited against VP2-N, whereby

IgG specific for VP1-N was increased posttransfusion in group
I and was also evident only posttransfusion in group III (figure
1C).

When specimens were analyzed for reactivity against VP1-
D epitopes, 2 specimens (01002 and 01098) of 3 from group
I did not exhibit significant pretransfusion IgG reactivity; how-
ever, these 2 specimens did display significant posttransfusion
antibody reactivity (mean * SD IgG index value, 3.5 £ 1.7
[IgG index value >1.1 is reactive]) (figure 1D). The remaining
specimen (01052) was seronegative for VP1-D IgG, both pre-
and posttransfusion. Group II specimens were unreactive against
VP1-D. All group IIT specimens were seronegative for B19 VP1-
D IgG pretransfusion; posttransfusion, however, all had high
levels of antibody reactivity against VP1-D epitopes (mean +
SD IgG index value, 3.9 * 0.96).

B19 IgG reactivity was observed only against VP2-D epitopes
in group III specimens, with a mean * SD VP2-D IgG index
value of 4.5 =+ 1.8 (figure 1E). It should be noted that, although
posttransfusion group I specimens exhibited an increase in lev-
els of B19 IgG against VP2-N epitopes (figure 1B), they had
no increase in antibody reactivity to VP2-D epitopes.

Discussion. The present study demonstrates that, in B19-
seropositive recipients transfused with plasma containing high
levels of B19 DNA (1.6 X 10° TU/mL), levels of parvovirus B19
IgG against VP1-N and VP2-N epitopes and against linear

Tabie 1. Classification of pooled-plasma recipi-
ents, according to B19 IgG reactivity against con-
formational epitopes on B19 VP2,

Group no.,
pooled-plasma- Plasma pool
transfused B19 DNA level

recipient code no.

10%* GE/mL
0% GE/ml -
NA

TbsT -T2 %

PS1 22 X 10° IU/mL
PST 22 1% UL
PS3 - 1.6 x 10® U/mL

NOTE. Plasma pools PS1 and PS3 contained 59.56and 72.0
iU of B19 IgG/mL, respectively [9). The level of B19 DNA in
plasma pool PS2A was provided by A. Lazo. Group | and 1)
recipients remained symptom free, whereas group 1l recipi-
ents experienced mild fever and malaise, after transfusion.
Group |, recipients who were seropositive before transfusion
{n = 3); group [, recipients who were seronegative both before
and after transfusion (n = 3); group lil, recipients who were
seronegative before transfusion and seropositive after trans-
fusion {n = 4); GE, genome equivalent; NA, not available.
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Figure 1. A B19 IgM reactivity against conformational VP2, in pooled-plasma recipients (before and after transfusion). Reactivity is measured as IgM index value (reactivity >1.1 is reactive [dashed
fingj). B, B13 IgG reactivity against capsid (conformational} VP2 (VP2-N), as determined by EIA and expressed as IU/mL, in pooled-plasma recipients. C, B19 IgG reactivity against conformational epitopes
on VP1 (VP1-N), in pooled-plasma recipients. Reactivity is assessed using an immunofiuorescence assay and is graded, according to the manufacturer's instructions on a scals of 1-4, depending on the
extent of fluorescence. D, B19 IgG reactivity against linear VP1 (VP1-D), in pooled-plasma recipients (before and after transfusion). £ B19 igG reactivity against linear VP2 (VP2-D), in pooled-plasma
recipients. D and £, Reactivity measured as IgG index value (index value is specimen:cutoff OD ratio; reactivity >1.1 is reactive [dashed line]).



epitopes on the unique region of VP1 increase dramatically.
Moreover, it also proposes that the levels of B19 IgG in
pooled-plasma products protect against infection in B19-se-
ronegative recipients when only low levels of B19 DNA (i.e.,
<10** GE/mL) are present. Finally, we have shown that, in the
presence of 1.6-2.2 X 10* IU of B19 DNA/mL, B19 IgG lev-
els of 59.5 (plasma pool PS1) and 72.0 IU/mL (plasma pool
PS3), respectively, are insufficient to prevent B19 transmission
to B19-seronegative recipients (group 1II) and subsequent
seroconversion.

Group I recipients were seropositive for B19 IgG before
transfusion with pooled plasma. The level of IgG specific for
VP2-N increased to >100 IU/mL in 2 recipients after trans-
fusion with plasma pool PS3; however, the observed increase
in the remaining recipient (01052) was lower (50 IU/mL). This
subsequent increase in IgG response was mirrored by the in-
creased reactivity against VP1-N that was observed posttrans-
fusion, whereby the increase in fluorescence exhibited by the
specimen from recipient 01052 was less than that for the others
in group L It is relevant that, because of the presence of high-
titer B19 DNA, blood products lacking B19-specific antibodies
were most at risk of transmitting B19 infection and that, despite
high levels of B19 DNA, recipients with preexisting B19 IgG
(or who were the administered blood products containing B19
IgG) were not infected [13]. Plentz et al. [14] have also con-
firmed that the presence of B19 IgG in either the recipients of
the blood products or in the administered material offers pro-
tection against B19 DNA (at concentrations of <6 X 10>-2.2
X 10° GE/mL) present in therapeutic products, to the extent
that no individual (n = 14) receiving a B19-contaminated blood
product showed symptoms of acute B19 infection. The results
of the present study demonstrate that, in a healthy immuno-
competent individual (recipient 01098), a B19 IgG level of 19
IU/mL confers protection against the development of symp-
toms of B19 infection when that individual is reexposed to the
virus. To our knowledge, the present study is the first to dem-
onstrate that there is a specific level of B19 IgG that protects
against reinfection. The postexposure B19 IgG profile will also
contribute to avoidance of reinfection.

Although all recipients in group I had either lost or never
developed antibody reactivity against VP1 or VP2 epitopes be-
fore transfusion, 2 of them subsequently displayed strong IgG
responses against linear epitopes on the VP1-unique region only
and not against VP2-D. This observation is in accordance with
the work of Soderlund et al. [15] and significantly strengthens
our hypothesis that VP1-specific B-cell memory is maintained
only with respect to linear epitopes of the unique region of
VP1, as well as with respect to VP1-N/VP2-N epitopes [12].
Recipient 01052 in group 1 exhibited the lowest increase in
B19 1gG reactivity after transfusion and was seronegative for
antibody reactivity against VP1-D both before and after trans-

fusion, possibly as a result of infusion with plasma containing
a B19 viral load lower than that required for reactivation of
the memory response.

Group II recipients all remained seronegative after receipt of
pooled plasma. Although information was not available on which
plasma pool was transfused into recipient 01055, both recipient
01023 and recipient 01053 were transfused with plasma pool
PS2A, which contained 10°** B19 GE/mL [3]. Given that the mean
level of B19 IgG observed in pooled plasma is 64.7 + 17.5 IU/
mL [9}, it is clear that B19 IgG within this range appears to be
protective against infection of seronegative recipients when the
B19 viral load is <10°° B19 GE/mL.

Group III recipients who underwent B19 seroconversion af-
ter transfusion exhibited both strong VP2-specific IgM reac-
tivity and significant levels of B19 IgG against VP2-D epitopes.
The latter result is in accordance with previously published
findings that production of antibody directed against VP2-D
epitopes occurs shortly after exposure to B19 [15].

Traditionally, plasma-product manufacturers have relied on
the presence of high levels of B19 IgG in pooled-plasma prod-
ucts alone to indicate product safety [2). The data presented
in the present study reinforce the strategy of identifying and
removing high-titer B19 plasma donations from plasma pools,
given that 4 of 7 recipients seroconverted because of the pres-
ence of B19 DNA in solvent/detergent-treated pooled human
plasma. Although many companies have introduced minipool
screening to address this problem, such screening is not pres-
ently mandatory, despite the fact that it is usually high-risk
populations (e.g., pregnant women and immunocompromised
patients) who are administered such products. This regulatory
ambiguity is likely to change in coming years, as improved
product-safety profiles are demanded by consumers.

In summary, the present study has provided new data rel-
evant to the B19 IgG level necessary to confer protection after
reexposure to the virus, as well as to the B19 IgG level that, in
pooled-plasma products, may prevent infection of seronegative
recipients.
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