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Blood donor screening for parvovirus B19 in
Germany and Austria

Michael Schmidt, Anna Themmm ‘Camilla Drexler, Michaela Bayer, Gerhard Lanzer,
Eva Menichetti, Sigrid Lechner, Dietmar Wessin, Barbara Prokoph, Jean-Pierre Allazn
Erha;d Seifried, and Michael Kai Hourfar '

BACKGROUND: Although the main_transmission
pathway of parvovirus B19 (B19) is typically via the res-
piratory route. several transfusion-trarismitted infections

have been reporied. To increase blood safety, all blood -

donations o our blood donor service have been
screened by a B19 minipool real-time nuclgic acid
testing (NAT) since April 2000. Additional cusiomers
have been screened since the summer of 2003,
STUDY DESIGN AND METHODS: In tolal, 2.8 million
donations from Germany and Ausiria were screened
for B19 by real-time minipocl NAT. A subgroup of 50
Big DNA~posmve donors was screened for B19 immu-
noglébulin G (igG) and igM antibodies and B15 DNA
over'a 6-month period. Resuls were compared to those
of 100.B19 DNA-negative donars.
RESULTS: Data accumulated over the past 6 years
indicate a high incidence period from May 2004 to
- January 2006. In total, the incidence was 12.7 and
261.5 per 100,000 donations with high virus loads equal
to or above 10° and below 10° [U per mL, respectively.
Median virus concentration in the case group was
4.85 % 107 W per mL at Time Point T0 and was reduced
{0 4107 U per mL at the fime of the next donation
" {3 months later). Neutralizing antibodies (VP2) were
detected in aﬁ donations if virus ipad was reduceﬁ o
less than 10% IU per mL.
CONCLUSION: The release of B19 DNA--pOSItNE bleod
praducls with a concentration of less than 10° U per
mL is thought o be safe due to the high level of neu-
frafizing VP2 antibodies and is currently examined in a
donor recipient infectivity study. In contrast, blood prod-
uets. with a hlgh B19 DNA congentration {=10°% iU/mL),
‘some of which did not contain neutrallzmg antibodies,
were discarded to protect at risk individuals.

,arvovirus ‘BIS (B19) was detected for the first
time in 1975 in a blood product from a healthy
donor.'* During the onset of B19 infection, virus
concentration can increase up to 10" virions per

mL.*¢ Because B19 is a non-lipid-enveloped viral patho-
gen, inactivation methods like solvent/detergent treat-
ment are ineffective for reduction of virus concentration
in plasma. Most infectioris occur in childhood and result

in a mild rash and formation of profective antibodies.™ =~

Infection normally results in seroconversion with neutral-
izing immunoglobulin G (1gG) antibodies affording life-
long protection from reinfection in most cases.™* Chronic
infection, however, may be associated with a poor anti-
body response.’'*

Screening for B19 DNA by minipool real-time nucleic
acid amplification technology (NAT; testing in donor
pools up to 96 samples per pool) was introduced into our

‘blood donor screening protacal in 2000, NAT amplifica-

tion was analyzed in a semiquantitative manner. Blood

ABBREVIATIONS: B19 = parvovirus B18; Cy= cycle threshold.
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products with B19 DNA virus load equal to or higher than
10° TU per ml were discarded. In contrast, minipools with
B19 DNA virus load below 10°[U per mL were not
resolved, and all blood products contained were released.
In any case, donors were not informed about their B19
infection and were allowed to give subsequent donations.

This study provides results for 4 years of NAT screen-
ing, including a case-controlled study for B19 antibodies
performed over a 6-month period to monitor the develop-
ment of structural (VP-1 and VP-2) and nonstructural
{IN5-1) antibodies. '

MATERIALS AND METHODS

Incidence studies

Donations from six’ different sites were invalved in the
study. In Germany samples from the German Red Cross
Institute Frankfurt (1,732,355 samples, Area 1) and from
" the German Armed Forees (99,176 samples, Area 2) were
included in the study. In contiast, Austrian samples from
“four test areas including the Medical University of Graz

(203,880 samples, Aréa3), Austrian Red Cross Institute -

Klagenfurt (85,811 samples; Area 4), Austrian Red Cross
Institute Feldkirch (51,041 samples, Area 5), and Austrian
Red Cross Institute of Vienna (626,373 sémples Area 6)
were included in the study (Table 1). All donations for the
German Red Cross wéte screened by B19 real-time NAT
beginning in April 2000 and in August 2003 for all other
" institutes. All donations were tested at the GRC Institute in
Frankfurt. The screening procedure was not modified
during the study pericd. Donations with B19 virus con-
centrations of at least 10° I per mL were discarded,
whereas minipools that contained donations with a virus
load of not more than 10% [U per mL were not resolved. All

products included in these minipools were designated as
being weakly B19 DNA-positive and were released for
transfusion. This procedure is in accordance with the
requirements of the plasma industry, where the release
level per individual donation is 105 It per mL, as well as
the German transfusion law, the German authorities {Paul
Ehrlich Institute) and the local ethics commission, which
approved of this study.

Donor substudy (case-control study}
A group of 50 B19 DNA-positive blood donors with a virus
concentration of at least 10° IU per mL at the index dona-
tion {Time Point TO, high-virus-load group) was analyzed
in a prospective study involving two subsequent blood
draws (with the first occurring approximately 12 weeks
after the index donation), for B19 DNA concentration as
well as B19 antibodies. The 50 donors were randomly
selected from all B19 DNA-positive donors {=10° IU/mL}
residing in Area 1.

In addition, 100 B19 DNA NAT-negative donors were

screened for B19 antibodies. as a control group. Both the - -

case and the control groups were comparable with regard
to age and sex (Table 1). All donors positive for the pres-
ence of B19 DNA (=10° {U/mE) at the index donation
(case group) and 50 randomly selected members of the

. control group were interviewed by standard questionnaire

within 4 weeks after the donation about clinical symp-

‘toms of d B19 infection (Table 1).

B19 screenlng techniques
Routine testing. An aliquot of 100 puL plasma of
each blood donation was pooied overnight into minipools
containing up to 96 samples per pool.

The compléte pool of up to 9.6 mL was
TABLE 1. B19 questionnag;en 32(;1 ‘crI;aurafteristlcs of the case and’ centrifuged at 58,000 x g for 60 minutes
d F;roup at 4°C. Supernatants were discarded
Characteristic Case Control . Significance an.d peHets ‘were s'.ub]ecte:.:l to nuclel‘c ’
Total rUmD. = 20 " Not done acid extraction with a. viral RNA kit
[s] numier Ol aone . "
Men/women : 27128 26/24 0.50 (Qiramp, Qiagen, Hilden, Germany).
Age (years) . 39.0 = 10.9 44.4 = 5.1 0.06 . Five-microliter aliquots of the total
Chronic diseases . : 8/50 12/50 0.23 eluted volume of 75 pL were subjected
Tiredness 12/50 11/50 0.50 - .
Joint pains - 11/50 /50 0.40 to polymerlase chain reaction (PCR)
Neurclogic symploms 1/50 1/50 0.75 amplification for B19 DNA. Two positive
Eever. flulike symptoms - 1;;23 1;22 : ggg - controls and at least three guantitative
regnan . . T .
Corrglp!icggons diring pregnancy 612 _ 2/12 0.10 Standardsi (_10“, 10°, and 107 1U/ mL} were
Disease in childhood ' . included in each PCR procedure.''
B19 infection - 350 2/50 0.50 ' o . i e
Rubella - 12750 14/50 0.41 . Resolving of B19 DNA-positive
© Mumps : 10/50 11/50 0.50 minipools. All samples achieving a
Chicken pox 10/50 1550 0.18 positive B19 DNA minipool NAT result
_ Bordetelia pertussis 1450 50 - 031 with a virus concentration of less than
-* Donors of both groups were matched with regard to sex and age and were inlerviewad 5 : ’ weak]
about B18-specific ¢linical symptoms. All women were asked about pregnancies and 10 IU per. mlL were re]eas.ed as _eaLly
complications during pregnancies. positive B19 DNA donations without
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resolving the minipool. In contrast, all - -



minipools that yielded a B13 DNA concentration higher
than 10° IU per mL were resolved by creating subpools
from archive plates. Next the identified B19 DNA-positive
samples were discarded and all negative or weakly posi-

tive B19 DNA samples inciuded in the minipool were

released for transfusion.

NAT. Real-time quantitative amplification of BIS DNA
was performed with a CE labeled B19 PCR kit (DRK Baden-
Wiirttemberg-Hessen, Frankfurt, Germany} according to
the manufacturers’ instructions with a thenmocycler (ABI
PRISM 7000, 7700, 7300, or 7900HT; Applied Biosystems,

. Foster City, CA). Five microliters of exiract was analyzed in
a total volume of 25 pL. The assay contains reagents and
enzymes for the specific amplification of the VP1-capsid
protein gene of B19. Thermal cycling was as follows: 50°C
for 2 minntes, 95°C for 15 minutes, 10 cycles of 85°C for 1¢
seconds and 62°C for 30 seconds, 40 cycles of 93°C for 10
seconds, and 56°C for 40 seconds:

Data analysis was performed with the cornputer soft-
ware (seguence detection software, Version 1.6.3, Applied
Biosystems). A positive real-time PCR result is reflected by

an increase in the fluorescence intensity of a reporter dye;

After PCR, the number of PCR cycles necessary to reach a

defined fluorescence “threshold in each sample was’

defined as the cycle threshold (G). The G, value is related
to the amount of PCR product and therefore to the ong;nal
amount of target present in the PCR procedure, Low C,
values indjcate a high initial target amount and high G
values indicate the opposite.

Sensitivity and specificity of the DRK B19 PCR kit.
Sensitivity was analyzed in accordance with the directive
of Buropean Commission 98/79/EC. Probit analysis was
done on at least 24 teplicates of each difution froim a dilu-
tion series containing at least six steps. The calculation
was performed on nonlog converted data. Specificity was
tested with 200 negative plasma samples. Additionally, the
amplification efficiency of different B19 genotypes {Gene-

type 1, Genotype 2 [Subtype A6), and Genotype&[Sub- )
type. V9]) was evaluated. Genotype 3 was obtained froma -

20-22

Ghanaian blood donor service,

Precautions to prevent Bl19 DNA cross-
contamination. All steps of NAT (pooling, enrichment by
_ centrifugation -and exiraction, mMaster mix preparation,
and amplification) were performed in separate rooms. All
rooms wete equipped with ultraviolet light and were
decontaminated onte per.week. The daily decontamina-
tion procedure included decontamination of all work-
benches, pipettes, and centrifuges with a disinfectant
(Bacillel Plus, Bode, Hamburg, Germany) and sodium
hypochiorite (Roth, Karlsruhe, Germany). All PCR proce-
dures were monitored by the addition of at least six nega-
tive. controls. PCR procedures were only valid if all
negative control_s gave a negative test result. All personnel
performing nucleic acid extraction and resolution -of
highly B19 DNA-positive pools have been thoroughly
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trained to be competent in performing these procedures
without cross-contaimnination. '

Screening for B19 antibodies. Samples were
screened with two assays for IgM and IgG antibody
detection. A parvovirus IgG and IgM assay (recomLine,
Mikrogen, Neuried, Germany) was used to analyze anti-
bodies against VP-2, VP-N, VP-18§, VP-2r, VP-C, and NS-1
epitopes. Band intensities were compared with a control
band and were scored as —, +/~, 1+, 2+, 3+ or 4+. Addi-
tionally all samples were screened with the microtiter
plate-based BI9 enzyme immunoassay (EIA; Biotrin,
Dublin, Ireland) for IgG and IgM antibodies. All antibody
assays were performed according to the manufacturers’
instructions.

Antibody adsorption. Eight samples with a B19 DNA
concentration of more than 10°I1U per mL and eight
samples with a B19 DNA load below 10° TU per mL were
analyzed for B19 IgG antibodies by use of the recomLine

" assay. In these samples, virus load was determined by real-

time NAT before and after treatment with a protein G
column (MAb Trap kit, Amersham, Uppsala, Sweden).

. One-hundred microliters of each sample was filtered

through a proiein G column and washed with 5 mL of
binding buffer. The flowthrough of the binding step was
centrifuged at 58,000 % g for 1 hour at 4°C followed by a
standard minipool extraction protocol.

BI9 sequence analysis. Sequence analysis was per-
formed as described in detail by Hokynar and colieagues.®
Overlapping amplicons of 1000 bp that spanned the entire
protein coding region of the genome were used. Pritners
(NSofwd and NSirev, NSsfwd and NSorev, p6 and p3. p9

_and risrev, and rtl ‘and VP2orev) were used for sequencing

plus and minus strands. Amplification products were
sequenced directly with a cycle sequencing ready reaction
kit (BigDye Terminator, Applied Biosystems, Darmstadt,
Germany) and a DNA sequéncer (ABI PRISM 310, Applied

" Biosystems).

Statistical analysis

The sensitivity, standard deviation (SD), and coefficient of
variation (CV) of the real-time PCR test werée calculated
with computer software (Excel 2000, Microsoft Corp.,

. Redmond, WA). For the Probit analysis, another computer

program (SPSS 12.0, SPSS, Chicago, IL) was used. Coin-
parison between the case and control groups was calcu-
fated with Fisher's exact test or the ttest. Statistical

- significance was assumed if p values were less than 0.05.

RESULTS

" Incidence of B19 in different areas

B19 incidence between 2003 and 2006 was demonstrated
for six different areas (Fig, 1). There was a high incidence

Volume 47, October 2007 TRANSFUSION 1777
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period of B19 from May 2004 to January 2006 in all
screened regions. The highest incidence was found in
Areas4 and 5, although the incidence of B19 DNA-
positive donors with a high virus load (B19 DNA concen-
~ tration =10° TU/mlL) as well as with low B19 DNA virus
loads (B19 DNA concentration <10° [U/imnL) did not differ
significanily between the areas (Table 2).

Sequence analysis of the 50 B19 NAT-positive
blood donors included in the substudy identified only
Genotype 1 strains. Sequence ‘analyses of all B194 DNA-
positive samples are currently being processed to better
understand the genotype distribution in our donor
population. :

Monitoring of B19 DNA-positive blood donors

In the substudy, two additional donations were taken
from 50 B19 DNA-positive multiple-timne donors (high-
virus-load group) randomly selected from all B19 DNA-
positive samples in Test Areal to determine B19 DNA
concentration and the course of antibody development

‘to B19.

All donors included in the substudy were B19 DNA-
positive with a virns load of more than 10° IU per mL at the
index donation (Time Point T0). The virus load was signifi-
cantly reduced within 12 weeks from a median of
4.85 x 107 TU per mL {T0; SD) t0 4.6 x 10° [U per mL (SI;
T1i: Fig. 2) and either remained at this level or declined
further at Time Point T2. Additional
follow-up in a subset of these donors

B19-positive donations/1000

A,

beyond Time Point T2 revealed that 519
DNA concentration was stable around
the NAT detection level for up to 1 year
(range, 100 and 1500 [U/mL; data not
shown). All samples from donors of the
case group were below the release level
of 10° IU per mL at Time Point T1.

B19 antibody levels were investi-
gated with an enzyme-linked immun-
osorbent assay and a line probe assay.
Both commercially available 519 anti-
body assays gave comparable iesults
for B19 IgM (Table 3) and IgG (Table 4)
antibodies. At each time point, igM anti-
bodies were detected more frequemly

2003 2004 2005

Year |

Fig. 1. Incidence of B19 virus infécfi_nns i:netwepn 2003 and 2006. Donations were
screened for B19 by real-time minipool NAT. Incidence was incrqased between May
2004 and January 2006, especially in Areas 4 and 5. (M} Area 1 = GRC Institute
Frankfurt; (A) Area 2 = German Armed Forces; (A) Area 3 = Medical University of
Grag; ({) Area 4 = Austrian Red Cross Institute Klagenfurt; (@) Area 5 = Ausirian Red
Cross Institute Feldkirch; and (O) Area 6 =Ausf;fian Red Cfoss Institute Vienna.

0 Iilll'lllll_!lllI|I|lllillllilllllll

(p<0.05) in the case group compared
with the control group, and antibody
titers generally showed an increase from
Time Point TO to Tirne Point T1 followed
_ by a decrease at Time Point T2. IgM
" antibodies -against the nonstructural
protein (NS-1) were not detected at any
time point. In contrast; neutralizing IgG
antibodies against VP-2 were detected in
all samples of the high-virus-load group -

TTITTTITTT
2006

' TABLE 2. Incidence of B19 virus infections in different areas per 1 06,000 donations*

B19 DNA viris load {IUfmL)

Area 1

) Area 2 Aroa 3 Area 4 Area 5 Area 6 All
Year  >10° <105 3¢ <i0f >10F <10° >108 <10° >108 <10F 108 <10° . >10° <10°
2003 9.3 i85.2 1.0 200.3 0.0 19.6° 0.0 . 208 0.0 23.9 NDt ND 6.3 172.0
2004 179 2543 136 2394 - 98 2170 - 251 ', 3403 50.0.. 2791 15 2129 163 2477
2005  25.0 3951 26 3006 360 - 3458 39 5809 62 4347 27 2957 194 3828
2006 5.7 2371 37 209.9 ‘6.0 170.8 0.0 317.1 0.0 255.4 3.6 268.9 4.5 227.6°
All 15.0 269.8 9.1. 2450 15.7 221.3 9.3 366.1 . 176 2897 . 61 2581 ° 127

261.5

observed in all areas in 2004 and 2005 for

) both groups.
1 ND =nct done. :

* Donations wers tested from six different areas in Germany and Austria. Incidence was demonstrated in two groups: 1) donations with high
- B19 DNA virus-load over 10° IU/mL and 2)-donations with low B19 DNA virus load below 10° 1L per mL. Incidence increases were -
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Fig. 2. Virus load during the 6-month study period. All donors
of the case group were R18 DNA-positive at the index dona-

" tion with a value of more than 10° IU per mL {highest concen-

tration was 2.1 x 10'2 IU/mL). The black bar represents the
median virus concentration and the gray bar indicates the

mean virus concentration of all donations for each time point.

Virus load was significanily reduced from Time Point TO to

‘Time Point T1. The SDs were 3.5 x 10", 1.0 x 10*, and 3.5 10°

for 10, T1, and T2, respectively.
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(case group) at Time Point T1 and T2 without any excep-
tion. Both amtibody assays and titers were significandly .
higher in the case group compared to the control group.
Likewise, antibodies against nonstructural antigens of
NS-1 increased up to 92.3 percent from Time Point TO to
Time Point T2,

In one experiment, plasma from donors with B18
DNA concentrations of more than 10° IU per mL and with
B19 DNA concentrations of less than 10° U per mL was
filtered through protein G columns. The viral load was
determined before and after IgG absorption. Reduction of
the B19 virus concentration was significantly higher in
samples with low virus load and high IgG antibodies titers
as shown in Table 5. In two of eight samples (viral load,
<10° TU/mL), no virus was detectable after column filtra-
tion. In the other six samples. low virus concentrations
were detected (mean C, value, 30.6; virus concentration,
<100 IU/mL), C

All donors included i the case-control substudy were
matched by age and sex and were interviewed with a
standard BI19 questionnaire about clinical symptoms

_(Table 1). Typical clinical symptoms for Bl9 infections

such as tiredness, joint pain, or complications between
pregnancies did not significantly differ between groups.

TABLE 3. IgM antibodies in the case group and the control group*

, Biotrin EIA Mikrogen immunoblot
Group VP2 (%) VP-2p (%} VP-N (%) VP-15 {%) TNP2r (%) VP-C (%) NS-1 (%)
Case ) .
TOt 42.9° 42.9 ' 42.9~ 57.1 L 429 35.7 0.0
Tt 714" . 714 - 85.7 85.7 50.0 35.7 0.0
T2 23.1 . 462 69.2 69.2 385 30.8 0.0
Control - : : :
T . 1B : 9.2 4.6, 8.1 L. 15 15 v 0.0

(control group).
T TO = index donation.

* Fifty Bt9 DNA—positive donors were screened for Igh antibodies by two different assays 10 detect antibodies against structural (neutraliz-
ing) and nonstructural antigens at three time points, and the data were compared to resulis from 100 B19 DNA-negative blood donors

TABLE 4. lgG.antibodies in the.casé and control groups*

Biatrin EIA

- Mikrogen immunoblat :
Group VP2 (%) VP-2p (%) - - VP-N (%) VP-18 (%) VP-2r (%) VP-C (%) NS-1 (%)
Case C . - :
Tot 387 35.7 . 286 . 28.6 . 28.6 214 0.0 .
™ 100 100 - 100 100 ) 100 . 85.7 57.1
T2 100 140 100 100 100 6.8 Q2.3
- Control © o . . : . -
To 74.8 73.3 -, A 68.7 46,8 18.0 14.5

{control group). ”
T T0 = index donation.

" Fifty B19 DNA—positive donors were screened for IgG antibodies by two different assays to detect antibodies against structural {neutraliz-
ing) and nonstructural antigens at three time points, and the data were compared to.results from 100 B19 DNA-negative blood donors
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