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and blood products has been frequently documented (Azzi
et al., 1999). Attempting to reduce the risk of B9 infection
has become a major concem for blood and blood product
suppliers in Evrope and America {Brown et al., 2001), with
many countries now advecating screening of plasma pools to
remove samples containing high B19 viral titres.

However, BI9 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 dstection of viral DNA does not equate nec-
essarily with active viral infection. In addition, assays for
detecting infections 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 Bi9 infection was an erythropoietin
(Epo)-dependent subclone of UT7, a megakaryoblastoid cell
line (Shimornura et al,, 1992). Since then, a limited num-
ber of additional cell lines have been described, including
KU812Ep6, 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 nsed
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 fo 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-
beceo’s modified Eagle medium (DMEM) plus 10% fetal calf
serum (FCS), penicillin, streptomyein and glutamine (P/S/G;
Gibco/Invitrogen, Carlsbad, CA, USA)at 37 °C with 5% COy
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-S1,2
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. K1J812Ep6,
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 (Dentsche Sammlung von Mikroorganismen und
Zeltkulturen (DSMZ), Braunschweig, Germany) were main-
tained in RPMI 1640, with 10% FCS.

2.2. B19, serum and plasma sources

Plasma and serum samples containing high-tifre infectious
B19 was obtained from several sources. J35 was obtained
from a sickie-cell patient in aplastic crisis, and previously
determined to be negative for both B19 IgM and IgG (data
not shown). Additjonal 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., Tech-
nologies, Inc. The WHO standard sample (Saldanha et al.,
2002) was obtained from National Institutes of Biological
Standards and Control (NIBSC), South Mimims, 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 Doner Study, NHLBI repos-
itory, and previously tested for antibedy to parvovirus
B19 (Brown =t al.,, 2004) were used in the neuiralization
assay.

2.3. Comparison of infectivity of different cell types

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 10° cells/100 pL,an
equal vohume 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 vohime to I mL. The cells were transferred to 2
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 BI9 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 mpm for § 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 Lairy Anderson, CDC, Atlanta, GA,
{ISA) followed by goat anti-mouse [gG 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, 1, 10, and 100 pg/pd). Plas-
mid dilutions, sermm samples or exiracted DNA (10l
were added to 20001 0.333M NaOH and incubated at
room femperature to denature the DNA. The samples were
then applied to a nylon membrane (0.45 wm pore, Nytran
Plus, Schieicher and Schuell, Keene, NH, USA) using
a dot blot manifold apparaius (96-well, Schleicher and
Schuell}, the membrane washed in 6x §5C, and the mem-
brane baked at 80°C for an howr in 2 vacuum oven. The
membranes were hybridized with a 2P 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 8SC; 0.1% SDS
for 20min at 55°C, and then exposed to either a “phos-
phor” sereen (Molecular Dynamics, GE Healthcare) or X-ray
film.

2.6. Quantitative PCR

DNA was extracted from cells and supernatant using the
QlAmp DNA mini Kit (Qjagen, Valencia, CA, USA), and
quantitated by qPCR using the QuantiTect Probe PCR kit
{Qiagen), vsing primers in the capsid region of the virus.
Specifically the primers and probe used were’ B19-Cap-F
(5'-TACCTGTCTGGATTGCAAAGC-3';0.4 uM) 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 wag temoved ysing 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, Superseript Il {Invitrogen), prior to
PCR amplication with primers B19-9 and B19-1. To increase
detection of spliced producis 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. QOuantitative RF-PCR

RNA. transcripts were quantitated by real-time RT-PCR
designed fo amplify producis 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 04 pM of the amplification
primers (NS primers 5-GTTTTATGGGCCGCCAAGTA-
¥ and ¥-ATCCCAGACCACCAAGCTTTT-3; capsid
primers  5-CCTGGGCAAGTTAGCGTAC-3 and 5'-
ATGAATCCTTGCAGCACTGTCA-3", and 0.2 pM probe
(NS probe FAM 6'-CCATTGCTAAAAGTGTTCCA-BHQI;
capsid probe FAM-TATGTTGGGCCTGGCAA-TAMRA).
After an initial activation step of 15 min at 95 °C, 45 cycles of
155 at 94°Cand 60 s at 60 °C were performed, Quantitation
of the number of transcripts was by estimating the cDNA
copy nuwmber by comparison of a standard curve of serial
dilutions of pYT103 as described for the quantitative PCR..

To confiry exfraction of RNA, and fo normalize the
number of transcripts per cell, quantitative RT-PCR. (qRT-
PCR) was performed using the same amplification con-
ditions, bt with primers B-actin F (5-GGCACCC-
AGCACAATGAAG-3"), B-actin R (5-GCCGATCCACA-
CGGAGTACT-¥) 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 qRT-PCR

To develop a high-throughput methed for detecting
RNA f{ranscripis, RNA was extracted from cells using
GeneStrips™ (RNAture, Jrvine, 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 experimenis the infection volume was scaled
down to 100 wL 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/Epa-S1
cells. Infection was as described (100 pL infection volume)
and RINA was extracted with RNAmre Genestrips and ana-
Iyzed by qRT-PCR. The number of B19 DNA copies in
the original plasma pools was determined by quantitative
PCR.

2.11. Neutralizing anzibody detection
Detection of neutralizing antibodies was assayed by qRT-

PCR. Serum of 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). RINA was extracted from celis
using the RNAture Genestrips and analyzed by qRT-PCR.

3. Results

3.1. Comparison of sensitivity and permissiveness in
haematopoietic cell lines

The majority of the haematopoietic linss 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-81 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-81 cells. This greater sensitiv-
ity was confirmed by detection of transcripts in UT7/Epo-51
cells at 10* ge/infection of the high-titre serum, 3 logs Tower
than that detected in the other cell lines. Subsequent studies
were all done with the UT7-Epo-S1 cells.

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

IF staining for Bi9 eapsid protein production detected
infected celis consistently at 1072 to 10™2 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 lmited
to detection above 10° ge/infection, in part because only
10 L of samiple was analyzed from a 1 mL infection. In time
course experiments, when infecting with high concentrations
of virus (107 ge/mL) spliced transeripts 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
RINA transcripts, either by conventional or qRI-PCR assay
or detecting the increase in viral DIVA production by gPCR
{Table 1).

Table |
Compatison of the different sensitivities of assays used to determine B19

infectivity

Detection method Sensitivity, genome

equivalenis (ge)
Protein: IF ~108
DNA: dot blot hybridization 10°
DNA: quantitative PCR 104
RNA: RT-PCR pe
RNA: quantitative RT-PCR 6%

UT7/Epoe-S} cells were infected with dilutions of B19, and cells assayed on
" Day 3. Results are the minimum amount of virus added to a [ mL cell culture
to detect infectivity.
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Table 2
Comparison of the number of infectious wnits of B19 to the vira] DNA in

different serum or plasma samples

Viral siock Genome eguivalents  Infectious gefinfectious units
{(ge)fmL x 101%) (unitamL)

35 33.2+2.0 108 33%10%

vS2 102429 10° 1.0x 104

Vi1 2,0£03 108 2.0 104

V2 29402 108 2.9 x 104

V3 0.1 £0.1 2% 107 5% 16°

CBER STD 1.0 108 1.0x 10?

Viral DNA measured by gPCR. UT7/Epo-S1 cells were infected with serial
dilutions of virus, on Day 3 RNA was exiracted with RNA STAT60 and B19
transceipts 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-81 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 gPCR 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 infections units, with ratios ranging from 2 x 10° ge
in the J35 stock to 5 x 103 ge per infectious unit in the CBER
standard.

3.4. Comparison of RNA extraction meihods

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

High-throughput method

Virus dilution Standard method

Day 0 Day 3 Day 0 Day 3
1073 - - 0 27,345
107¢ - ol 0 1228
16-7 - H ¢ 231
10-% - - 0 1
10-? — - 0 0

A plasma stock (V1) was serially diluted in culfure medium and used to infect
UT7/Epo-S1 cells. Standard method, RNA was extracted from a | mL oulrure
using RNA STAT-60 and transcripts detected by RT-PCR, +++, bands easily
detected by ethidium bromide staining and with an alkaline phosphatase-
Izbeled specifc probe; —, bands not detected; and high-throughput method,
RNA was extracted from a 0.1mlL culture using RNAtureGenestrips and
transcripts detected by NS qRT-PCR. Quantitations are given as ge/nl of
RT reaction volame,
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Betection of infectivas B19 in plasma pools

411

VP gRT-PCR (ge/infection) x 102 ‘

Sample # Stock {ge}mL x 101 RT-PCR result NS gRT-PCR (ge/infection) x 108
Pool#l 18404 A+ 2109 22414

Pool #2 3.240.1 -+ 4.6+0.8 3709

Pool #3 8.5+0.1 4+ 28+03 2.1+£04

Pool i#4 0.5£0.04 ++ 2609 24405

Pool #3 0.005 £ 0.0005 + 0.0023 = 0.001 0.0036 4 0.002

Pool #6 1.14£03 +H 3.0+02 140,05

No virus ] - 0 0

‘The amount of B19in six plasma pools (previously known to contain B19) was defermined by gPCR and the presence of infections virus was determined by
infection of UT#Epo-51 cells and detection of RNA transeripts after by either RT-PCR or using RNAture Genestrips and gRT-PCR amplifying the capsid (VP)

and nonstructural (NS) regions,

3.3, Detection of infectious virus in pooled blood
products ’

To test the sensitivity of our high-throughput assay and to
test its potential application for screening plasma pools for
infections virus we examined six plasma pools previously
identified as containing high-titre B19 DNA. qPCR analysis
confirmed that all samples contained B19 DNA, with five of
the six samples containing high B19 titres with >101! 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 qRT-PCR, indicating that all the pools
contained nfectious 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 exiracted at Day 3 RNAfure Gen-
estrips, and gRT-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 transeripts with all
four sera, If a reduction of viral transcripts by >90% is con-
sidered the endpoint, then in two sera the neufralizing titre
was >10%, and in the other 10° and 10, respectively.

4. Discussion

Although the erythroid tropism and inhibition of erythroid
colomy formation was demonsirated in 1983 (Mortimer et
al., 1983a) and replication in vitro infection of bone mar-
row was demonsirated in 1986 (Ozawa et al., 1986), there
is still no readily availabie method for culturing parvovirus
B19 in the laboratory, limiting both the virus availability and
the ability to develop assays to defermine B19 infectivity.
Similarly there are no readily available methods for defect-
ing neutralizing antibodies in patient samples, or for testing
viral inactivation procedures for blood and blood products. -

A number of cell lines have been deseribed that support
B19 infection, and a number of infectivity assays have been
described, based on these cell lines. Specificaily, infection
and neutralization assays based on UT7/Epo cells (Bostic et
al., 1999), KU812Ep6 (Blumel et al., 2002; Bonvicini et al.,
2004; Miyagawa etal., 1999; Saitoetal., 2003} and UT7/Epo-
51 (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 ef al.,
2004} However, there have been no attemapts 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 IF, and are therefore notreadily
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-31 cells, generally less than 1% of cells
being positive even after inoculation with high-titve virus,

Table 5

Nettralizing antibody assay using quantitative RT-PCR. i the B19 NS region

Serum sample 4 5 44 45 A B

!gG + + — S + —
Serun: alone 0 0 9 ] 0 8
B19+ 1072 serum 189 il 5244 it v 7383
B19+10% seram 30,215 3 14,423 30 34 3801
B19+107% seram 40,657 64 68,165 423 12,674 79,557
B19 alone 36,027 20,709 24,234 19,666 11,448 20,676
Cells only 0 [t 0 i} 1 2

Normal donor serum was preincubated with dilutions of high-tifre B19 plasma (=102 ge/mL} and used to infect UT7Epo-S1 ceils. A representation of
quantitative data obtained is shown and given in ge/l of RT reaction volume and noymalized 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 KU812Ep6 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 inocufums 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 concerns of B19 contamination in blood and
blood product, there is curtently great interest in not only
developing methods to detect infectious virus, but also to
evaluate methods of viral inactivation/removal. Due (o the
difficulty in working with B19, many inactivation studies
have been undertaken using a swrogate parvovirus, nor-
maily 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
uider a wide range of different clinical and experimental
conditions.

Finally, the detection of neutralizing antibodies for
parvovirus B19 confinues to be challenging. Although
methylcellnlose-based assays were originally described, they
are insensitive, and require large amounts of infectious virus,
and are guite labour-intensive both to set up and fo 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 freatment
with JVIG 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 B1% vaccine
becomes available.
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5. Conclusions

This assay can be used to defermine the infectious titre of
parvoviris B19 in a number of different seitings. 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.

Acknowledgments

This research was supported by the Intramural Research
Program of the National Heart, Lung and Blood Institute,
NIH. :

References

Anderson MY, -lones SE, Minson AC. Diagnosis of human parvovims
infection by dot-blot hybridization using cloned viral DNA. J Med
Virol 1985;15:163--72.

Azzi A, Morfini M, Mannucei PM. The transfusion-associated transmis-
sion of parvovirns B19. Transfus Med Rev 1999;13:104-204,

Blumel J. Cell culture-based assay of parvovirus B19 and the relevance
of animal madel viruses. Dev Biol (Basel) 2004:118:]107-12.

Blumel J, Schmidt [, Willkommen H, Lower J. Inactivation of parvovims
B19 during pasteurization of human serum albumin. Transfusion
2002:42:1011-8.

Bonvicini F, Gallinella G. Cricca M, et al. Molecular testing for detection
of in vitro infectivity of plasma pools contaminated with B19 virs,
] Med Virol 2004;74:272-6.

Boschetti N, Niederhauser i, Kempf C, Sthler A, Lower J, Blumel J.
Different susceptibility of B19 virus and mice minute virus to low
pH treatment. Transfusion 2004:44:1079-86.

Bostic JR, Brown KE, Voung NS, Koenig 3. Quantitative analysis of
nentralizing immume responses to human parvovirus B19 using a novel
teverse transcriptase-polymerase chain reaction-based assay. J Infect
Dis 1999;179:619-26. :

Brown KE, Hibbs JR, Gallinella G, et al. Resistance to parvovirus B19
infection due to lack of virus receptor (erythrocyte P antigen). N Engl
1 Med 1994;330:1192-6, .

Brown KE, Lin Z, Gallinella G, Wong S, Mills IP, O’Sullivan MG.
Simian parvovirus infection: A potential zoonosis. J Infect Dis
2004;190:1900-7,

Brown KE, Mori ), Cohen BJ, Field AM, In vitro propagation
of parvovirus B19 in primary foetal liver culture, I Gen Virol
1991:72:741-5. .

Brown KE, Young NS, Alving BM, Barbosa LH. Parvovirus B19: Impli-
cations for transfission medicine. Summary of a workshop. Transfusion
2001;41:130-5,

Caillet-Fauquet P, Di Giambattista M, Draps ML, Hougardy V, de Launoit
Y, Laub R. An assay for parvovirus B19 newtralizing antibodies based
on human hepatocarcinoma cell lines. Transfusion 2004;44:1340-3.

Cassinotti P, Weitz M, Siegl G. Human parvovirus B19 infections: Routine
diagnosis by a new nested polymerase chain reaction assay. ) Med
Virol 1993;40:228-34.

Clewley JP, Polymerase chain reaction diagnosis of human parvovirus
B19, In: Becker Y, Darai G, editors. Diagnosis of human viruses by
polymerase chain reaction fechnology., New York: Springer-Verlag;
1992, p. 285-96.

Jordan J, Tiengeo B, Kiss J, Koch W. Human parvovirus B1S: Prevalence
of viral DNA in volunteer blood donors and clinical ountcomes of
transfusion recipients. Vox Sang 1998;75:97-102.

Lazo A, Tassello J, Ohagen A, Ayiay S, Wong S, Brown K. INACTINE
technology inactivetes clinical isolates of parvovirus BI9 in RBC



8. Wong, K.E. Brown / Jowrnal of Clinical Virology 35 (2006) 407413 413

concentrates as demonstrated by PCR and infectivity assays, Blood
2002:100 [abstract 1094, tef type: abstract).

McOmish F, Yap PL, Jordan A, Hart H, Cohen BJ, Simmonds P. Detection
of patvovirus BI9 in donated blood; A mode! system for screening
by polymerase chain reaction. J Clin Microbiol 1993;31:323-8.

Miyagawa E, Yoshida T, Tekahashi H, et al. Infection of the erythroid
cell line, KUS12Ep6 with human parvovirus B19 and its application
to titration of B19 infectivity. J Viro]l Methods 1999;83:45-54,

Morita E, Tada K, Chisaka H, et al. Human parvovitus B19 induces cell
cycle arrest at G(2} phase with accomulation of mitotic cyclins, J
Virol 2001;75:7555-63.

Mortimer PP, Humphries RK, Moore G, Purcell RH, Young NS. A
human parvovirus-like virus inhibits haematopoietic colony formation
in vitro, Natore 1983a;302:426-9,

Mortimer PP, Luban N1, Kelleher JF, Cohen BJ. Trunsmission of
serum parvovirus-like virus by clotting-factor concenfrates. Lancet
1983b;1i:482-4.

Nguyen QT, Wong S, Heegaard ED, Brown KE. Identification and charac-
terization of a sécond novel human erythrovirus variant, A6, Virology
2002;301:374-80,

Ozawa K. Kurtzman G, Young N, Replication of the B19 parvovirus in
human bore matrow cell cultures. Science 1986;233:883-6.

Prikhod'ko GG, Vasilyeva 1, Reyes H, et al. Evaluation of a new LightCy-
cler veverse transcription-polymerase chain reaction infectivity assay
for detection of hurnan parvovirus B19 in dry-heat inactivation studies.
Transfusion 2005;45:1011-9.

Saito T, Munakata ¥, Fu Y, et al. Evaluation of anti-parvovirus B19
activity in sera by assay using quantitative polymerase ¢hain reaction,
J Virol Methods 2003;107:81-7. )

Saldanha J, Lelie N, Yo MW, Heath A, Establishment of the first World
Health Organization International Standard for human parvovirus B19
DINA nucleic acid amplification lechniques. Vox Sang 2002:82:24-31.

Sayers MH. Transfusion-transmitted viral infections other than hepati-
tis and human irmunodeficiency virus infection. Cytomegalovirus,

Epstein—Barr virs, human herpesvirus 6, and hurnan parvevirus B19.
Arch Pathol Lab Med 1994;118;346-9,

Schwarz TF, Setke S, von Brunn A, et al. Heat stability of parvovirus
B19: Kinetics of inactivation, It I Med Microbiol Virel Parasitol
Infect Dis 1992;277:219-23,

Shimomura S, Komatsu N, Frickhofen N, Anderson 3, Kajigaya S, Young
NS, First continuous propagation of B19 parvevirus in a cell line.
Blood 1992;79:18-24.

Soderlund-Venermo M, Hokynar K, Nieminen J, Rautakomi H, Hedman
K. Persistence of mman parvovirus B19 in human tissues, Pathol Biol
(Paris) 2002;50:307-16. ’

Takehashi T, Ozawa K, Takabashi ¥, et al. DMNA replication of parvovinus
B 19 in a human erythroid leukemia cell line (JK-1} in vitro. Arch
Virol 1993;131:201-8.

Tattersall P, Cotmore SF. The natwe of parvoviruses. In: Paitison JR,
editor. Parvoviruses and human disease. Florida: CRC Press; 1983, p.
5-4f,

Tsujimura M, Matsushita K, Shiraki H, Sato H, Okochi K, Maeda
Y., Human parvovirus B19 infection in blood donors, Vox Sang
1995:69:206—-12.

Wakamatsu C, Takakura F, Kojima E, et al. Screening of blood donors
for human parvovirus B19 and characterization of the results. Vox
Sang 1999;76:14-21.

Wong S, Young NS, Brown KE. Prevalence of parvovims B19 in liver
tissue: No association with fulminant hepatitis or hepatitis-associated
aplastic anemia. J Infect Dis 2003;187:1581-6.

Yaegashi N, Shiraishi H,. Takeshita T, Nakamura M, Yajima A, Suga-
mura K. Propagation of human parvovirus BI9 in primary cultare
of erythroid lineage cells derived from fetal liver. J Virol 1989;63:
24226,

Young NS, Brown KE. Parvovirus B19. N Engl I Med 2004;330:386-97.

Zhi N, Zadori Z, Brown KE, Tijssen P. Construction and sequene-
ing of an infectious clone of the human parvovirus BE9. Virology
2004:318:142~52,

_63_



~F9-

AR B2 ‘ o
EEm PIREE HEREE

No. 8

SRS .G E | ﬁ‘n"'ﬁ E—HMAER | FEERFORES

2006. 6. 20 BTN

= d AR

— AR (ELEARRECEARL) nIkH
Doyle S, Corcoran A. ] Infect Dis.
Eaki T B 77 ) (B AgR-tott) ARG O DRRR gggg :Ihﬂ 19;5;194(2):154—-8- Boub FANTG
A H## ) (B AR . .
MR5E4 (RRE) T2 B R (R AT D) . s

O R A SV ABLIRER T AR AEMER L OBt 0 N1 B/ RS

AL ABRA LT IR 5 SN B0 AN BT AV ABINCH 5548 RIS 5 RTE LA /L THARY,
B OFFET, BIODNAZ & Te (1.6x10°1U/mL) X — A M #E O . BISFUEBRIED BHF OB19eGHLEDL ~L15319-39
WU/mLA550-100 1U/mLEC LS U TEBREHIVWEZL 2R R LU, BIOTUERRIEDOBEICBITS1.6-2.2 x 10°1U0/mLd
BIODNADTFLENL, 7 — A MEEDIgGL~159.5 TU/mL TiZBLIDRERELE I hﬁ<’kﬂﬁ/}\—yg/?3%¢@#~iﬂ’+%—(ﬁ)
BN pholn, ZRLOT —F T EEIOR SEFHROESRT- ORBDIESS,

e 2 O Iy 8 3

EAEOFE IR
FOMSEFERFE

SR AR
BS-GRl B 7R

MEZ AT BT A A,
MR, J? S DR Yy
vCIDZEDA=TEDVARY

BELEDEE ZRONE

B1IDNAZZ 17 (1.6x10MU/mL) 7 — /LR Oiai % . BIOfL 5% EE[&EE . bh SRy AAZBIC BT D72 R AL O
PR 0 B TR BRI A B R L CERE R AV S B | ORI DS, BARFHTIE, uﬁuJ:DRHM:ELJ:éBw#Jﬁ
DEEICIITEL.6-2.2 x 109U/ mLDBIIDNADTETER, 7— |REFEA, VA LABOLWIIFEEHIRL TV5, 5% ITRET R
S MEDeGL~L59.51U/mL CidB19D G L =/ — Dk ISR ARER L BiETIEELTY \;;3

D B DI AR THBLEB DT LDBETHD, .

MedDRA/J Ver.3.0J

®



JRC2006T-028

The Immune Response

to Parvovirus B19 Exposure
in Previously Seronegative
and Seropositive Individuals

Sean Doyle and Amanda Corporan®

Depariment of Biology and National Institute far Cellular Biotechnolagy,
National University of Ireland, Maynooth, County Kildars, Ireland

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 1gG in B19-seropositive recipients protect against re-
infection and, after transfusion with pooled plasma contain-
ing B19 DNA (1.6 X 102 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 TU/mL is insufficient to
prevent B19 transmission and subsequent seroconversion.
These data should lead te 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 1o
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 exiraction 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* TU/mL, to conform
with US Food and Drug Administration (FDA} proposals
(available at: http://www.fda.gov/). Standardization of B19
DNA and [gG 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 antibodjt
preparations be <10 IU/mL [4] further illusirates the actions
taken by regulatory agencieé 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 B1% DNA) of B19
DNA were detected by the manufacturer. Blume] 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
DNAMmL (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° IU/mL) [7]. Sol-
vent/detergent-treated plasma (Plas+8D) 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 TU 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 serologicat analysis of this event has not been forthcom-
ing, and the significance that the data have for wider issues of
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