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TABLE 5. 19G adsorption by protein G columns*

Mean G, Mikrogen immunoblot mean reactivity
Sample B19 Before After
virus load Total column column - .
(IW/mL}) number absomption absomption AC, VP-2p VP-N VP-18 ViP-2r VP-C NS-1
>10° 8 7.5 ! 8.0 05 . 0.4 0.5 0.5 0.8 0.4 0.0
<10P . 8 25 30.6 5.61 20 2.9 2.9 3.1 1.8 - 2.4

* Samples with B19 virus load of more than 10° IU per mL and less than 105 IU per mL were filtered through protein G columns, The virus
ioad was determined before and after filtering. Additionally, B12 IgG antibedies were analyzed by immunoblois. Band intensities were com-
pared with a control band and were scored as —, +—, T+, 2+, 3+, or 4+ For each sample, the mean reactivily is given. Samples with high
levels of neutrafizing antibodies (higher mean reaclwny values) showed significantly higher virus reduction after ﬁiterlng (higher AC,).

1 p<0.01.
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Fig. 3. Sensitivity of B19 NAT kit. The WHO standard (93/800})
was diluted into six concentrations. Each standard concentra- -
tion was tested in 24 replicates. Probit analysis was performed
with SPSS Version 12.0 on nonlog converted data. Sensitivity
of the minipool NAT was 10.2 U per mL at 95 percent prob-
ability (CI, 7.5 and 18.8 1U/mL) and 0.65 IU per mL at

50 percent probabﬂlty (CI,—4.1 t0 2.47).

Sensitivity and specificit{r of the B19 PCR kit

As demonstrated in Fig. 3, the 95 percent detection prob-
ability of the NAT assay was 10.2 IU per mL {confidence

" interval [CI], 7.5-18.8 TU/mL) per processed volume. Sen-
sitivity for an individual donation present in a minipool
was 982 1U per mL (CI, 724-1811 IU/mL). Specificity was
100 percent as 200 of 200 negative sainples gave a negative
test tesult. The amplification efficiency of the DRK BIS
PCR kit was comparable for all three genotypes (data not
shown). Precision is defined as the degree of scattering
within a series of analyses. [t is expressed as the SD and the-
percent CV {%CV). 8D 'and %CV were 0.6, 0.58, and 0.67 »
and 2.47, 2.37, and 4.20 for intraassay variability, inter-
-assay variability, and interbatch variability, respectively. '

DISCUSSION

The frequency of B19 viremia in voluntary blood donors’
has been estimated to range from 1:260 to 1:50,000 and to’
- depend on both the sensitivity of the screening method
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and the season. 2 Tere we report results from screening
blood donors over a period of more than 4 years with a
sensitive real-time NAT method. The mean frequency of

DNA-positive blood donors was 274 per 100,000 dona-

tions, which was within the range previously reported.?2#

Although the incidence of B19 DNA-positive blood
products is high, transfusion-transmitted infections have
rarely been reported when compared to other transfusion-
relevant virus infections like human immunodeficiency
virus-1, hepatitis C virus; or hepatitis B virus. This could
be explained by the fact that most recipients already have
B19 antibodies due to previous infections and that many

B19 DNA-positive blood products were also positive for.

the presence of B19 VP-1 or VP-2 antibodies, resulting in
neutralization of the virus. Another possible explanation
is that BI9 infections were underteported because most

recipients get only mild or no clinical symptoms.® In the.

present study, we analyzed the development of anti-B19
and the decrease of B19 DNA in 50 blood donors and com-
pared the data to.a control group. In accordance with the
literature,®* VP-2 IgG antibodies already existed in the
majority (75%) of B19-negative donors {control group).

Without exception, all donors in the high-virus-load
- group (case group) were anti-VP-2 IgG-~positive at Time E

Points T1 and T2. The increase in VP-2 antibodies corre-
lated directly with a significarit decrease in B19 virus load.
The obvious explanation for ﬂ'llS is that the antibodies
neutralize the virus.3? :

Although antibodies persist for a long period of tiine,
however, B19 DNA was detectable by real-time NAT for
more than 1 year. The question is whether blood products

.with low levels 6f B19 DNA and B18 antibodies are infec-

tious. This question is controversial in the literature and
is currently being exammed by a retrospectlve donor—

recipient study.

Since Bl19 screening was initiated, the following
telease procedure was used iri our bload donor service.

Donations with ‘high B19 DNA concentrations (equal or

higher than 10° TU/mL) were discarded, but donors were

permittéd to make subsequent donations and were not '

informed about their infection. Blood products with B19
DNA concentiations less-than 10° JU per mL are thought




to contain neutralizing antibodies. Therefore, minipools
coniaining low B19 DNA—positive blood preducis were
not dissolved, and all products contained in those
minipools were transfused. The in vitro experiment with a
protein G column indicates 2 significantly higher virus
reduction in samples containing low viral loads and high
levels of neutralizing antibodies compared to samples
containing high viral loads and low B19 antibodies. This
observation suppbrts our release procedure, because it
suggests that these samples are uniikely to be infectious
(Table 5).

Nonetheless, for special-risk patients (immunocom-
promised patients, young children, or pregnant women),
our blood donor service offers B19 DNA-negative blood
products. The opportunity to obtain blood testing nega-
tive for the presence of B19 DNA has been available since

_summer 2003. Untl now, however, less than 10 B19-
negative blood products have been ordered, which demn-

onstrates that physicians are relatively unaware of this -

infection,

In suminary, all bIood products have been screened
for B19 by a real-time minipool PCR singce 2000. A high-
incidence period was observed between May 2004 and
January 2006. Transfusion of biood products with a low

-virus concentration seems to be safe because of the
coexistence of neutralizing antibodies, whereas blood
products with high virus concentrations rnay pose a
risk for wansfusion recipients. Therefore, these dona-
tions were discarded at our blood donor service.
- Transfusion-transmitted B19 infections might be under-
reported and should be examined in donor—maplent
studies. .
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TRANSFOSION COMPLICATIONS

Neutralization of human parvovirus BIQIby plasma and
intravenous immunoglobulins

Jens Modrof, Andreas Berting, Bjorn Tille, Andreas Klotz, Christina Forstner, Sandra Rieger,
‘ Claudin Aberham, Matthias Gessner, and Thomas R. Kreil

BACKGROUND: Human parvovirus B19 (B18V) is a
highly prevalent pathogen, and plasma pools for manu-
facturing of plasma-derived products have been shown
to contain antibodies against B19V (B19V immunoglob-
ulin G [igG). .
STUDY DESIGN AND METHODS: The megakaryoblas—
fic cell line UT7/Epo-S1 can be infected with B19V
Gienotype 1 and as demonstrated here by immunocy-
tochemistry, Western blot, and reverse transcription—
polymérase chain reaction (RT-PCR) of B18V-specific
mRBNA, also with the more recently discovered Geno-
-type 2. Based on B19V RT-PCR analysis of infected
UT7/Epo-S1 cells, an infectivity assay was established
‘and Impleménted for a B19V neutralization assay. To
investigate the role of B19V neutrahzahon in relation fo
B19V IgG fiters, moré than 1000 manufacturing plasma
pools were tested by enzyme—hnked 1mmunosorbent
assay. -
RESULTS: Plasma pools were found fo contain & mean
B19V IgG titer of 33 =+ 9 [U per mL, with the lowest titer:
at 11 IU per mL. These 11 JU per mL B19V.1gG neutral-
ized 4.6 log B19V Genotype 1 and greater than 3.9 log
Genotype 2 infectivity. Accordingly, a 10 percent intrave- -
nous immunoglobulin (IVIG) product prepared from
~such pools was found to contain an even hlgher BigvV -
neutralization capacity. -
CONCLUSION: A high capacity of B19V Genotypes 1
" and 2 neutralization was demonstrated in plasma pools
for fractionation, an inherent feature based on the
constantly high titer of B19V IgG in these pools. The
neutralizing activity of B19V IgG 'was shown io be
" maintained in the 10 percent [VIG product tested.
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uman parvovirus B19 (B19V) belongs to
the genus Erythiovirus (family Parvoviridae),
which has recently been reclassified 1o
. contain three different B19V genotypes (1-3).!
Although B19V Genotype 1 is by far the most prevalent,
Genotype 2 has also been sporadically detected in Europe
and was shown to occur in plasma pools for manufactur-
ing into plasma derivatives.>® B19V Genotype 3 appears to
be mostly resiricted to West Africa.*

Soon after its initial identification,® B19V was recog-
nized to catise fifth disease in children (erythema infectio-
sum), whereas more serious clinical manifestations of
B19V infection were only recently understood to-include

_arthropathy, transient aplastic crises, persistent anemia,

and hydrops fetalis.f [n addition, an association of B18V
with inflammatory heart disease in adults has lately been
suggested.™* The only treatment optlon available for B19V
infection so far is intravenous immunoglobulin ([IVIG),
although based on anecdotal evidence rather than, for
example, established dose-response correlations.’
Owing to the global prevalence of B19V Genotype 1,
30 to 60 percent of adults carry antibodies against B19V
{B19V immunoglobulin G [IgGl), with a good correlation
between antibody prevalence and age. Consequently,
the presence of B19V IgG was found in all of the few
plasma pools for manufacturing so far investigated.''

Mostly due to the lack of a widely available B19V

ABBREVIATIONS: B19V = parvovirus B19; MOT = multiplicity of
infection; NCey = 50 percent B19V neutralization capacity;
TCIDsq = 50 percent tissue culture-infectious dose. -
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infectivity assay, however, no information was available
with respect to antibody function, that is, B19V neutraliza-
tion, and whether this potentially clinically relevant vari-

able would correlate with the presence of B19V antibodies.

detected by, for example, enzyme-linked immunosozbent
assay (ELISA).

Although still to date a continuous cell culture system
. that would allow detection of B19V infectivity by determi-
nation of a classical cytopathic effect does not exist, B19V
replication has been demonstrated in a few specialized
cell lines mostly utilizing the detection of de nove tran-
scribed B19V-specific mRNA after infection of and virus
replication in these cells.>* Particularly the erythroid
.progenitor cell line KUB12EpS was used to detect B13V
infectivity and was found to be sensitive to both B19V
Genotypes.1 and 2."* These cells are, however, notwidely
available. Alternatively, use of the megakaryoblastic cell

line UT7/Epo-S1 has-also allowed accurate quantification- '
of B19V Genotype 1 infectivity over several orders of mag-

nitude.!5162t

With an internally controlled reverse transcrlpuon—
polymerase chain reaction (RT-PCR) system (TagMan,
Applied Biosystems, Foster City, CA), an infectivity assay
for both B19V Genotypes 1 and 2 in UT7/Epo-51 cells was

established. The presence of B19V. IgG antibodies in.

plasma pools for further manufactuxing was confirmed,
and the titers of B 19V IgG were quantified. With our infec-
tivity assay, a correlation between B19V antlbody presence
as determined by ELISA and functlon as determined by
‘neutalization of B19V infectivity was established for
manufacturing plasma pools. Given the clinical relevance
of B19V antibodies in IVIG as the only treatment option
for human B19V infection, particularly given the recent
recognition of more severe.disease associations™ and
emerging B19V variants,? the level of B19V IgG function
" was also determined for a commeraally available IVIG
preparation.

: MATERIALS AND METHODS

Cells, B19V, and plasma

UT7/Epo-51 cells were provided by K.E..Brown (Health
Protection Agency, London, UK; with permission of
K. Sugamura, Tohoku: University, Sendai, Japan). Cells
were maintained in Iscove’'s modified Dulbecco’s
medium, containing 10 percent fetal calf serum (JRH Bio-

sciences, Lenexa, CA), 1 percent L-glutamine, 1 percent’

gentamicin sulfate, and 21U per mL erythropoietin
(Janssen-Cilag, Neuss, Germany) at 37°C with 5 percent
€0.. : ;
_ Plasma donations containing high titers of B13V as
detected by thé routine B19V PCR donor screening
program of Baxter BioScience (Plasma Analytics Depart-
ment, Vienna, Austria) were used as the source of infec-
tious B19V. Plasma Donation 990237 containéd B19V

NEUTRALIZATION OF B19V

Génotype 1 (titer, 11.8 log TU/mL) and Donation IM 81
contained B19V Genotype 2 (titer, 11.4 log IU/mL).

Infection of UT7/Epo-S1 cells with B18V and
isolation of mRNA

UT7/Epo-S1 cells (105 per six-well) were infected -with

B19V at multiplicity of infection (MOD) of 10~ to 10° and -

incubated for 7 days or mock infected with buffer for
negative controls. Seven days after infection, mRNA was
extracted with a direct mRNA miniprep kit (GenElute,
Sigma-Aldrich, Vienna, Austria) according to the manu-
facturer’'s protocol.

Immunocytochemical' staining and Western blot of
B19V capsid proteins '
For immunocytochemical staining, infected cells were

- pelleted and fixed on glass slides coated with 70 to

150'kDa - poly-L-lysine (0.0l mg/mL in phosphate-
buffered saline [PBS]). with 4 percent paraformaldehyde.

After permeabilization with 0.5 percent Triton X-100, cells -
~ were incubated for 1 hour with a monoclonal antibody

(10 pg/mL) specific for B19V capsid proteing VP1 and VP2
(RA216/MABS293, against aminc acids 328-344 of VP2;
Chemicon, Chandlers Ford, UK).Z After washing (PBS), an
anti-mouse-horseradish peroxidase polymer conjugate
(SuperPicTure polymer detection kit, Zymed, Vienna,
Austria) was applied, and: the signal was developed by

" 15-minute incubation with 3,3'-diaminobenzidine chro-

mogen solution before mounting slides with aqueous

mounting medium. To determine the intracellutar-iocal- .
_jzation of B19V structural proteins, cells were counter-
stained with methyl green {Vector, Burlingame, CA)

according to the supplier’s instructions.

For Western blotting, approximately 105° cells were
collected, 2 to 7 days after infection and washed in Tris-
buffered saline (TBS). Proteins were then separated’ by
Bis-Tris sodium dodecyl sulfate (SDS)-4 to 12 percent
polyacrylamide gel electrophoresis and hlotied onto
polyvinylidene difluoride membranes with a “semidry”

discontinuous protein transfer chaniber (Immobilon B .-

Bio-Rad, Munich, Germany). After blockmg, membranes

were incubated with the primary -antibody -R92F6

diluted-1:2000. Membranes were washed in 0.5x TBS con-
taining {vol/vol) 0.2 percent Tritori X-100 and incubated
for 1hour with polyclonal rabbit «-mouse immune
globu!ms—alkalme phosphatase (at 1:5000; Dako, Glos-
trup, Denmark). Bound antibodies were detected with a
color reaction (5- bromo-4-chloro-3-indolyl phosphate/
nitroblue tetrazolium solution, Sigma-Aldrich).

RT-PCR of spliced B19V transcripts
Real-time RT-PCR (TagMan) was performed with a
sequence detection system (AB] Prism 7900HT PEApplied
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