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Background and Objectives Parvovirus B19 (B19V) DNA screening has been introduced
to comply with European regulations for certain plasma products. Current commercial
and some in-house B19V DNA assays fail to detect or under-quantify the recently
identified genotypes 2 and 3. In this report, we describe 2-year éxperience with B19V

~ DNA screening using the commercial assay from Roche (detecting only genotype 1)

combined with an in-house assay (detecting genotypes 1, 2 and 3). This dua! testing
approach enables the identification of molecular variants of B19V.

Materials and Methods Between 2005 and 2007, approximately 2-6 million plasma
donations were screened for B19V DNA loads exceeding 10° IU/ml using the Roche
and the in-house real-time polymerase chain reaction assay.

Results A total of 232 plasma units were identified with B19V DNA loads above 10°
[U/ml. Concordant results were observed for the majority of B19V positive samples;
however, three of these showed discrepant results between the two ‘assay systems. One
was a B19V genotype 2 strain not detected by the Roche assay; another was a B19V
genotype 1 strain with a mismatch in the 3’-end of the reverse primer and therefore
under-quantified by the Roche assay; and the third one was also a B19V genotype 1
strain that gave an unusual amplification plot in the in-house assay due to a mismatch
in the probe-binding site.

Conclusions New, high viral load, B19V genotypes 2 and 3 infections are rare in blood
donors tested by Sanquin. One case was found while testing 2-6 million donations.
The prevalence of B19V genotype 1 variants not detected by.commercial or in-house
assays might be in the same range or even higher than the prevalence of B 19V genotype
2 viruses, which remain undetected.
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The level of B19V DNA in these manufacturing  pools

Introduction

In 2004, European regulations came into force to limit the
potential parvovirus B19 {B19V) burden in plasma pools
" for the manufacture of human anti-D .immunoglobulin
* and pooled human plasma treated for virus inactivation [1].
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should not exceed a threshold concentration of 10 000 TU/ml.

To comply with these requirements, the plasma fractiona-

tion industry set up a screening system to prevent plasma

“units with high B19V DNA loads from entering large

manufacturing pools. Most of the industry have introduced

< systems in which donations are prescreened in test pools

of 480-960 donations [2-4]. When the B19V DNA level in
a test pool exceeds the defined exclusion limit, the index
donation is traced using a break-down protocol to smaller
test pools.
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Detection of B19V with real-time PCR assays 209

Donor screening for B19V DNA requires quantitative
nucleic acid amplification tests (QNAT) because donations
exceeding a defined exclusion limit must be identified and
subsequently removed. Several in-house and commercially
available gNAT assays have been developed for this purpose
between 1999 and 2004 [2,5,6). Two commercial assays from
Artus (RealArt Parvovirus B19 LightCycler PCR kit) -and
Roche (LightCycler Parvovirus B19 DNA quantification kit)
are currently on the market for quantitative detection of
B19V DNA.

In parallel with the development of gNAT assays for B19V
DNA, several virus strains have been identified that show
greater sequence diversity than that was previously recognized
for B19V. {7-10). Phylogenetic analysis of B19V and these
related-variants showed that the viruses fall into three
genotypes [10]. The prototypical sequences for B19V fall
into genotype 1; genotype 2 viruses include A6 [7] and LaLi
[0}, while genotype 3 viruses include V9 [8] and D91-1 {10].
In the eighth report from the International Committee.on

the Taxonomy of Viruses (ICTV), A6, LaLi and V9 have all .

been classified-as strains of B19V [11]. The consequence of

 this official classification is that detection of these twa

néw genétypes of B19V is now mandatory according to the
European regulations for ‘in process testmg of manufacturing
pools for B19V DNA.

Detection of these recently classﬂ"led B19V genotypes 27

and 3-with commercial assays and m—house assaysislimited.

Several publications and the proficiency testing studies (PTSs).

organized by European Directorate for the Quality of
Medicines (EDQM) showed that commercial B19V DNA
assays and several in-house assays have issues with the
- detection and/or quantification of B19V genotypes 2 and 3
strains. The Artus B19V DNA assay reliably quantifled BI9V
genotypes 1 and 2 and some genotype 3 subtypes. However,
one of the genotype 3 B19V subtypes is under-quantified by

at least 3 logs [5,12,13]. The Roche assay reliably-quantifies -

B19V. genotype 1, but fails to detect genotypes 2 and 3
[2,5,12,14]. These findings are also reflected in the recent
PTSs [12]. In the study performed in 2004 (PTS052), 56%
of the laboratories that participated missed the B19V geno-
type 2 sample. The study organized in 2005 (PTS064)

~ showed that 41% of the participants missed the B19V"

genotype 2 sample. In the latter study, 25% of laboratories
using: in- house assays were unable to' detect the B19V
genotype 2.

‘The Roche B19V DNA .assay has been used for screening
all plasma, in test pools of 480 donations {2]. As the Roche
assay fails to detect genotypes 2 and 3 of B19V, an additional
assay able to detect and quantify all three genotypes of B19V

was introduced in 2005 [5]. Currently, all donations ate tested -

-in parallel with- these two B19V DNA assays. This study
reports the results of 2-year experience using the dual testing
approach on more than 2-6 million donations.

© 2007 The Author(s)

Materials and methods

B19V DNA testing of plasma

Between March 2005 and March 2007, Sanquin tested
approximately 2-6 million blood donations for B19V DNA
load. Plasma was tested in test pools of 480 donations and in
manufacturing pools. Test pools with B19V DNA loads above
5000 IU/ml were subjected to further testing to track down
the index donation(s).

Commercial and in-house B19V DNA real-time

‘polymerase chain reaction amplification

Nucleic acid' from manufacturing pools, test pools and
individual donations (0-1-1-0 ml plasma input) was isolated

.using the NucliSens extractor (NucliSens, bioMerieux,
Boxtel, The Netheriands) [15].

Two real-time polymerase chain reaction (PCR) assays

~were performed with the LightCycler instrument (Roche

Diagnostics, Mannheim, Germany} on the same nucleic acid

_ extract. The first assay was the BI9VDNA quantification assay . _

from Roche. This assay amplifies a fragment within the non-
structural protein (NS1} gene [2). The amplicons are detected
with hybndlzatlon probes. The second assay wasan in-house
developed BIBV DNA assay with primers (EVF and EVR; see
Table )and TaqMan probes in the NS1 region. This assay was
adapted from Bayhs et al. [5] and reliably détects and quantifies

".B19V genotypes 1, 2 and 3. To improve the robustness of the in-

house TagMan assay, a modified hydrolysis probe was mcluded

" The modified probe had an identical DNA sequence; however,

locked nucleic acid {LNA) bases were incorporated at specific
sites {16,17]. The sequence of the modified TagMan probe
is as follows, with LNA bases shown underlined: 5’ (FAM)-
AAC.CCC.GCG.CTC.TAG.TAC-(BBQ3) 3'. The sensitivity (95%
detection limit) was similar for both B19V DNA assays and

. was approximately .100 IU/m! {data not shown)

B19V DNA sequence analysis

Purified PCR products were sequenced w1th the ABI PRISM
BigDye. terminator cycle sequencing ready reaction kit
(version 3-0) according to the manufacturer’s instructions
(Applied Biosystems/Hitachi, Nieuwerkerk a/d 1Jssel, The’
Netherlands).'Sequence analysis was performed 'on’ the ABI

" PRISM 3130x1 Genetic Analyser. Table' 1 shows the panel of
: primers used for Sequeneing in thisst’udy._

Determmatxon of target and probe-bmdmg regions -
in the Roche BIBV DNA assay

In order to determine the region in the B 19V that is targeted by
the Roche assay, the assay was performed using the 10 000 U/ml

Journal compilation © 2007 Blackwell Publishing Ltd., Vex Sanguinis (2007) 93, 208-215
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210 M. H. G. M. Koppelman et al.

Primer (forward .
Sequence (5'—3')

Nucleotide position

Table 1 Panel of primers forsequencing of B19V
{NS1~VPu region}

of reverse) in AF162273 Reference
P2(f) AAA.CTAGCAATTTATAAAGC 1392-1411 This study
P3(f) TGG.ATT.GATAAAAAATGTGG 15511570 This study
P4 (f) T16.6TG.GTC.TGG.GALGAA GG 1716-1735 This study
PVB-3 (f) ATAAACTACACLTTI.GATTICCCIG 2052-2076 {20}

EVF () AAT.GCAGALGCC.CTC.CAC 2082-2099 fs]

EVR (1) ATG.ATT.CICCTG.AACTGG.TCC 2254-2274 [s1

PV-1 (f) GGACCA.GTT.CAG.GAG.AALCAT 2254-2274 This study
V-2 (f) GCTIGG.TATAAT.GGA TGG.AA 2481-2500 This study
PV-3 {1} CCA.GAC.AGG.TAAGCA.CALTT 2583-2602 This study
PV-4 (f) TTTGACTTAGTTGCT.CG 2800-2816 This study
PV-5 () TGAAAATGATGA.CTATATA 2849-2867 This study
B19SR (1) CCAGGCTTG.IGTAAGICLIC 2959-2978 [20]

\

B 19V run control. In this instance, the intemal control from the
kit was not added prior to extraction. DNA sequence analysis
was performed to identify the location of the B19V amplicon
in the viral genome. The sequence of the probe-binding region
for the B19V was determined by comparing the sequence of
the B19V amplicon with the sequence of the internal control
amplicon (amplified in the absence of B19V DNA).

,IB‘VIV'BV genotyping

“Viral DNA for genotyping was obtained by PCR amplification
of a 1587-bp fragment spanning the NS1-VP1u junction in the
" B19V genome with primers P2f and B19SR (see Table 1). This
fragment overlaps the PCR fragments amplified by the Roche
and the in-house assay. Both DNA strands were sequenced
with thé panel of 12 sense and antisense oligonucleotides.
Phylogenetic analysis was performed using the Vector
NTI 10-1-} software package (Invitrogen, Carlsbad, CA, USA)
and the Molecular Evolutionary Genetics Analysis software
(MEGAZ2-1: Arizona State University, Tempe, AZ, USA).
Neighbour-joining phylogenetic analysis was performed
on a 1536-bp fragment (nucleotides 1436-2971 in AF162273).
Nucleotide distances were calculated. using the Kimura 2-
parameter mode] using the bootstrap test with 1000 replicates.
The following B19V sequences from GenBank were used
as reference sequences: BI9V genotype "1, AF161226,
AF162273, AY504945, DQ293995, M24682, M13178; B19V
genotvpe 2, AJ717293, AY064476, AY064475, AY044266,
' AY903437,D(333426, EF216869; B1 9V genotype 3, AJ249437,
AY582125, AY647977, AY083234, AX003421, DQ234769,
DQ234779, DQ408305, NC-004295.

Nucleotide sequence accession numbers

The GenBank accession numbers of the nucleotide sequences
~ of the B19V variants analysed in this study are EF151136

(strain 163429), EF151137 (strain 903321), EF151138 (strain
207458) and EF216868 (strain F8-87-A).

-

Results

Identification of B19V genotypes 1 and 2 strains in
plasma samples

Between March 2005 and March 2007, 2-6 million donations

. were prescreened for B19V DNA -using dual assay testing

approach. B19V DNA screening of test pools aims to identify
donations with B19V DNA loads above 10°IU/ml. During the
2-year study peﬁod, 232 donations were -identified with
B19V DNA levels exceeding 10® IU/ml. Thus, donations with
loads above the exclusion level occur with a frequency of
about 1 in 11 000 in this donor population. In three cases
(1-3%), discrepant results between the Roche ‘and the in-
house B19V DNA test were found (Table 2). Plasma sample
207458 is a donation undetectable by the Roche assay;
however, it is found to have a viral load of 3 x 107 IU/ml in
the in-house assay. The second sample, 163429, is a donation
containing 10° TU/ml B 19V DNA in the Roche assay. In contrast,
this donation was'hardly detectable by the in-house assay in
the original test pool of 480 donations. Also at the individual

Téble 2 Discrepant cases between the Roche and the in-house parvovirus
B19 (B19V) DNA assay ’

Viral load .
Sample {Roche assay} Viral load (infhousé assay)
. 207458 Notdetectable . 3 x 10 |Ufmi
163429 1x10% Ufmi Hardly detectable and not quantifiable®
903321

77X 1020fml 3 x 10410/ml

*Individual donation testing revealed a shallow amplification curve’
(see Fig. 1a).

. © 2007 The Author(s)
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Detection of B19V with real-time PCR assays 211
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_ Fig. 1 Ampllﬁeatlon plots obtained with the in-house assay under normal
) ) condmons usmg a TaqMan probe labelled wgth FAM/TAMRA and used at’

T 02um [5] (a) and the assay performed uider normal conditions using a locked
nucleic acid (ENAJ probe Tabélied-with FAM/BBO3 and issed at 002 ],m b).

donatxon level it was hardly detectable when the routine

: procedure (ﬁt—pomts method) was used for calculation of the
crossing-point. When the crossmg~pomt was calculated with
an altemative method {second derivative maximum method],
the value of the crossmg-pomt was comparable to the one
obtained with the Roche assay. The amplification plot of sample
163429 obtained with the in-house assay. showed_ a very
shallow amplification signal (Fig. 1a). The third case, 903321,
is'a plasma sample with an almost 100-fold difference inload
between the Roche and the in-house assays.’

" B19V genotyping

In each case, the sequence ofa 153 6—bp fragment overlappmg
the NS1-VP1 reglon of B 19V was detérmined and aligned
withB 19V genotype 1, 2and3 sequences from GenBank. This

.. alignment was used to construct a phylogenetlc tree as shown -

in Fig. 2. The tree cleady shows that cases 163429 (not detected
. by thein-house assay) and 903321 {not detected by the Roche

_ assay) are strains of B19V genotype 1 and that'case 207458 -
(not detected by the Roche assay} isa B19V genotype 2 strain.

" © 2007 The Author(s)
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Molecular basis of the discrepant results

Initially, it was necessary to determine the region of the B19V
genome targeted by the Roche assay. The amplified B19V
product from the Roche assay was sequenced and found
to correspond to a 177-bp region of the B19V NS1 gene
{nucleotides 1552-1708 of the reference strain HV; accession
number AF162273). It was assumed that the primers used in
the Roche assay were 25 bp in length. In order to identify the
probe-binding region for the Roche assay, the DNA sequence
of the internal control amplicon from the Roche assay was
determined. This revealed that the internal control corre-

"sponded to the wild-type B19V sequence with the exception

of a 52-bp insert derived from the human telomerase RNA
gene (nucleotides 881-932; accession number AF047386).

“This insert is four nucleotides longer than the cormesponding

wild-type B19V sequence it has replaced (i.e. nucleotides
48-94 of the wild-type B19V PCR fragment). This 46-bp

. sequence is considered to represent the hybridization probe—

binding region of the Roche B 19V DNA assay.
Figure 3 - shows sequence alignments .of the relevant

. regions.of the PCR fragments (primer and probe-binding .
sites) of the Roche assay (a) and the in-house assay (b).

With respect to the Roche assay, there are a considerable’
number of mismatches in both the primer and.the probe- b
binding regions of B19V genotypes 2 and 3 sequences

.(Fig. 3a). The forward primer contains three mismatches. The
,-.Teverse primer contains.one mismatch in the B19V genotype
3 strain and two mismatches:in the B19V.genotype 2 strain.

Notably, one mismatch (C—T) in the B19V genotype 2 reverse

. primer sequence is located at or near the 3’-end. Mutations

at the 3'-end of a primer may result in no amplification. This
is the most likely reason why sample 903321 is not detected
by the Roche assay. Although sample 903321 is a B19V
genotype 1 strain, it harbours the B19V genotype 2 typical
C—-T-mismatch in the reverse pfimer. In this case, the
mismatch probably leads to inefficient amplification rather
than no amplification at all. This has.been reported for the
A6 genotype 2 B19V strain [5). Inefﬁc_ie]ftcampliﬁcation‘

-, could explain the 100-fold difference between the Roche.and
.. the in-house assay. In order to investigate this further, sample
-903321 coniaim'ng 30 000 IU/ml (in-house assay) and.the
;'-'Iun gontrol containing 10 000 IU/ml were amplified, using

the Roche assay in the absence of the internal control. Both

-.amplicons were analysed by agarose gel electrophoresis and
. staining with SYBR green. While it was clearthat amplification

had occurred, the stained ba_hd of sample 903321 was of
reduced intensity compared to the run control, suggesting -
that the C—T mutation caused inefficient amplification (data
not shown).

The probe-binding region of the Roche assay contains six
mismatchesin the B19V genotypes 2 and 3 sequences [Flg 3a).

"These six’ mxsmatches only partly explain the detection '

" Journal compilatlou © 2007 Blackwell Publishing Ltd., Vor Sangurms {2007) 93, 208—21 5
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212 M. H. G. M. Koppelman ef al.
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DQ293995
AY504945 (NA"‘")/ _ BI9Vgtl ﬁg. 2 fhylogenreti»c tree of parvovirus B19
— AF161226 (B19V) DNA sequences from three B19V variants
M13178 (Au) {903321, 163429 and 207458) and B19V DNA
AF162273 (HV) sequences with published genotypes from
M24682 GenBank. The sequence of a 1536-bp fragment

corresponding to part of the NS1-VP1 region was

0-01 used to create the tree.

(a) Roche B19V DNA assay

FORWARD PRIMER
B19YV GENOTYPE 1

B19V run contral -

903321 R
163429 - e
819V _GENOTYPE 2 e TecAmm e o T setm—— T mm i e SR G--
207458 B L S S e e ey ) B S GREREL N T U G--
B19V_GENOTYPE_3 e TecAmmmm e Gmmm oo mm T--- G

(b) In-house B19V DNA assay

FORWARD PRIMER

B19V GENOTYPE 1
819V run control -
. 903321 @ s --

B1 TYPE 3

Fig. 3 Sequence of primers and probe-binding region of the Roche (a) and the in-house (b) 819V DNA assay§ The B19V genotype t sequence AF162273 was
used for reference B19V sequences of samples 903321, 163429 and 207458 wcrealignéd with the corresponding regions from B19V genotype 2 (A6 strain;
AY064476), B19V genotype 3 (V9 strain; AX003421), and the B1SV DNA run control. The length of both primets of the Roche test is assumed to be 25 bp.
Identical nucleotides as compared to the reference sequence are indicated (-). »

With resp.e{:t to the in-house assay, sequence analysis of
sample 163429 (BI9V genotype 1) revealed a mismatch

failure of the B19V genotype 2 sample 207458. In addition,
the sequence of 207458 harbours three mismatches in the _

forward primer and the alréady mentioned C—T mismatch in
the reverse primer. Of note, Fig. 3a also shows that the six
mismatches in the probe-binding region are probably the

main reason why the Roche assay is unable to detect B19V ’

_ genotype 3 strains.

* (C>T) in the probe-binding region (Fig. 3,b)\. This mismatch
" appears to have led to a dramatic destabilization and a

decreased hybridization temperature of the TagMan probe.
Indeed, the amplification signal of this sample could be partly
restored when the standard annealing temperature of 60 °C

© 2007 The Author(s)
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Detection of B19V with real-time PCR assays 213

was lowered to 58 or 56 °C (data not shown). The same
polymorphism was identified in a commercial factor VIII
preparation {coded F8-87-A) produced in the USA with an
expiry date of 1987. It was found to give a very shallow
amplification plot very similar to that observed for the
plasma 163429 (Fig. 1a).

Evaluation of a modified version of the in-house
TagMan assay

The in-house B19V DNA assay was performed using two
different versions of the TagMan probe. The original probe
[5} was compared with a modified version containing LNA
bases. In the modified probe, LNA bases were incorporated
away from the site of the C—T polymbrphism observed in
strains 163429 and F8-87-A. The LNA bases were included
to enhance hybridization to the target sequence by increasing
thermal duplex stability and resulting in improvement of the
amplification plot. Figure 1a,b shows the results where .the
two versions of the probe are compared. These amplification
plots for strains 163429 and F8-87-A now appear very
- similar to the wild-type.samples. There were mo differences
observed in the amphﬂcatxon and detection of the B19V
 controls whether the original version of the TagMan probe
was used or the one containing LNA bases.

Discussion.

We applied a commercial (Roche) and an in-house B9V NAT
assay for the prescreening of more than 2-6 million donations.
The' Roche assay ‘was developed prior:to the 1dent1fxcatlon of
B19V genotypes 2 and 3 and therefore only detects B19V
genotype 1. The in-house assay was designed to include
genotypes 2and 3. Three high load B19V DNA samples were
identified that gave discordant results between the two B19V
DNA assays. Two of these samples (903321 and 163429) were
classified as strains of B1gV .genotype_ -t. Orie -of .them
{207458) was classified as B19V genotype 2 strain. To our
knowledge, this is the second publication on B19V genotype
2DNA ina donation of European origin. The first report came
from Germany [18]. The condusion from our study is that
new, high viral load B19V genotype 2 infections are rare
among blood donors tested by ‘Sénquin,vwith only a single
case identified in 2-6 million donations. This study confirmed
the results from an earlier study, in which 321 manufacturing
pools (representing more than 950 000 donations from The
“Netherlands) were tested with a genotype 2- anid 3-spec1f1c
‘PCR assay and no'reactive pools were found (data not shOwn).
Several previous studies indicated that the prevalence of
“B19V genotypes 2 and 3 is very low among blood donors

from Europe Heegaard et al. [19] found no B19V genotype 3

" sequences in 100 000 Danish blood donations, Hokynaret al.

{14) analysed 140 160 Finnish b_lood donations and did not _

© ©2007 The Author(s)

reveal any B19V genotype 2 or 3 positive donations. Candotti
et al. [20] screened donations from the UK and sub-Saharan
Africa for the presence of B19V genotypes. Genotype 3 B19V
was found to be prevalent in donations from Ghana. Dona-
tions originating from the UK, Malawi and South Africa only
harboured B19V genotype 1 sequences. Baylis et al. [5] tested
52 plasma pools from nine different manufacturers and did
not detect any B19V genotype 2 or 3 sequences. These
manufacturing pools were sourced from donations collected
in Europe and North America. The study of Gierman ef al.
[21] representing a total of 1-5 million donations for US
source plasma did also not reveal any B19V genotypes 2 and
3 sequences. ’

B19V genoiype 2 sequences have been sporadically found
in final container plasma products. Schneider et al. [22]
reported B19V genotype 2 sequences in five out of 202 (2-5%)
batches of clotting factor concentrates. Recent studies in
looking at the persistence of B19V in tissue samples collected
in Europe have suggested that in those people born before
1950, either genotype 1 or 2 B19V were found to be .pméent,
while those born after this date were predominantly infected

with genotype 1 B19V [23])..This may explain why genotype-- - -

1 B19V is found so widely in the current blood donor popu-
lation. This study focused on high load B19V infections
rather than-low load persistent infections. As the prevalence
of low loads of B19V DNA in blood donors is around 1% {20},
our study cannot exclude that there might be a significant’
number of B19V genotype 2 persistent infections, especially
in.older blood donors. '

From the previously published studies [5,12,14], it was
already known that .the Roche assay was unable to .detect
B19V genotypes 2 and 3 variants. This study unravels the
molecular reasons for this detection failure. With respect to
both genotypes 2 and 3 B19V, there are three'mismatchies in
the region of the forward primer. In the case of the reverse
primer, there is a single mutation in genotype 3, while there

- are two mutations for genotype 2; one of these mutations is

located at or very near the 3'-end of the primer region. This
accounts for observations made in our previous study and in
this present one, where there is a reduction in the ampliﬂcation

- of genotype 2, when analysed by gel electrophoresis and

compared to genotypes 1and 3 {5). While all three genotypes

. are amplified in the PCR, genotypes 2.and 3 are not detected

m the real-time assay format, generating no amphﬁcanon
plots. This failure is a consequence of six mismatches found
to be present m the region bound by the hybndlzatlon probes
with these virus genotypes.

Two discrepant samples were classiﬁed as BI9V genotype
1. Sample 903321 was under~quant1ﬁed by 2 logs.in the
Roche assay due to one mismatch at or near the 3'-end of

“the reverse primer. The other sample 163429 was not detected
" by the in-house assay because of one mismatch (C—T)in the

probe-binding region. This B19V polymorphism was also

. Journal compilation © 2007 Blackwell Pubhshmg Ltd., Var Sanguinis (2007) 93, 208-215
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214 M. H. G. M. Koppelman et al.

detected in a clotting factor VIO concentrate manufactured
inthe 1980s. Recently, Baylis et al. [24] showed the effects of
certain mutations in the binding site for TagMan hydrolysis
probes. The conclusion of this study is that the amplification
signal correlates with the number of mismatches present
in the hydrolysis probe. A single mismatch (G—A) in the
wild-type probe-binding region only had a minor effecton
the amplification signal. Where four mismatches were present,
no amplification signal was observed. Interestingly, none of
the described. mismatches were C—T changes. This might

explain the more dramatic results of our B19V variant where -

a single mismatch (C—T) caused an unexpectedly dramatic
effect. Detection problems due to one C—T mismatch in the
TagMan probe have been described by Teupser et al. [25]. The
C—T mismatch found in this study led to the misclassification
of a polymorphism in the cholesteryl ester transfer protein. It
appears that this particular mismatch can lead to dramatic
destabilization and decreased hybridization temperature of
the TaqMan probe. It is likely that the position of the mismatch
within the probe and the adjacent nucleotides also plays a
role. The in-house assay was designed to a region within the
NS1 gene conserved between all known genotypes of B19V

" [5]. The identification of a polymorphism within this conserved

region was unexpected. In order to improve the robustness
.of the in-house assay, the TagMan probe was modifted to

‘incorporate LNA bases that counter for the effect of the C—»T -
‘mutation by increasing the thermal duplex stability. In -

preliminary studies, the specificity and dynamic range of the
test appear not to be inipaired by the introduction of these
modified nucleotides and more extensive validation studies
are in progress.

Our study also shows that amphﬁcatxon curves generated
with real-time PCR assays should be interpreted with great
care. Sequencing analysis should be performed where

--unusual amplification patterns are observed.

A systematic approach to find molecular variants of B19V,
undetectable or under-quantified with an established PCR
assay can be achieved by using a second independent PCR
assay. This study of B19V variants uses a generic extraction
of nucleic acid. Subsequently, two different parts of the NS1
region are amplified to detect and quantify B19V.

It has recently been shown that the variation within the

B19V genome is greater than that was previously believed

[26]. Indeed, it was found that B19V had a surprisingly high

rate of evolutionary change, at approximately 10~ nucleotide
substitutions per site per year. These observations, together
with the data presented in this study, indicate that the variation
inthe B19V genome should be carefully monitored. Constant
monitoring of B19V sequences in the population will help
to ensure that primers and probes, based upon conserved
sequences, are still applicable when variant viruses are
identified. The nature of the genetic variation ranges from
the identification of new genotypes, through to single

=]

nucleotide polymorphisms that can affect assay performance.
Where new viral variants are identified, and this extends
beyond B19V, kit manufacturers are faced with validation
and regulatory challenges to vary existing tests or introduce
new ones. Such changes impact upon the end-users
implementing the tests. Prevalence studies of virus variants
may be useful to determine whether it is necessary to broaden
the scope of a particular test.

In summary, we identified one B19V genotype 2 strain and
two B19V genotype 1 strains that were under-quantified or
not detected at all by a commercial and an in-house B19V
DNA assay while screening more than 2-6 million blood
donations in plasma pools. As compared to B19V genotype
2 strains, the prevalence of B19V genotype 1 variants not
detected bl\( commercial or in-house assays might be in the
same range or even higher.
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