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" Fig. 1 DEfermiiiation of B19 antigen enzyme immurioassay (EA) assay ™~~~

" sensitivity. [) Two tndependent batches of recomibinant capsid VP2 [VPZ),
V56 {circles) and V057 (iriangles) were decimally diluted to determine assay
- sensitivity. (b} Comparison of specimen difuents used in the detection of 819
viral capsids. Specimens were diluted in either Tris-buffered saline Tween-20
(TBST] (clear boxes) or a low pH praprietary r_Ea@em. (filted baxes). Errar bars
represent the standard deviation from the mean, ‘

Result_s

Assay optimization and validation

Figure 1a shows identical standard curves fabsorbance yoor0,m,
vs, B19 recombinant VP2 capsid concentration (ng/fmi)f
generated from two independent batches of recombinant
VP2-capsids in the B19 antigen EIA. These standard curves
show that the minimal detectable level of B19 VP2 capsid
detectable was 0-01 ngfml, which theoretically -equates to
19 x 106 viral particles per ml,

However, detection of B19 viraemic plasma in the same
assay format required the implementation of an alternative
specimen diluent {Fig. 1h). Here, dilution ofviraemic specimens
(n = 16} in a low pH, propristary. diluent, compared to using
Tris-buffered saline Tween-20 (TBST), facilitaied a considerable
increase in virms capture in the majority of specimens {0- to
30-fold). Only one specimen (39 x 10'°IUfml B19 DNA) that
was negative for B19 JgM did not display a significant signa
" increase-pos_t,-tréatment,' but did remain positive. Interestingly,
the two specimens with the highest absorbance values in
the assay without low pFI pretreatnient were IgM negative.
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Fig. 2 Determination of antigen assay sensitivity using titrations of
pofymerase chain reactfon (PCR)-quantified viraemic specimens. Viraemic
plasta Bt72 {diamonds), Bt73 {squares), Bt80 {triangles) and genotype 2
Bt81 {circles} were decimally diluted in B19 negative serum to determine
assay cut-off. '

Non—\'riraem_ic plasma remained unreactive when subjected
to the same preireatment (data not shown). ‘Assay specificity
was determined by screening non-virzemic plasma {n = 20},
all of which were unreactive in the antigen EIA based on the
cut-off calibrator sample [data not shown).

--——The-assay sensitivity -(limit-of detection)- was-estimated

using dilutions of viraemic specimens and was shown to be
approximately between-4 X 107 and 4 x 10° copies per mi
B12 DNA (Fig. 2). However, the cut-off calibrator used in the
ETA contained 10 copies per ml B 19 DNA as determined by
qPCR, which equatesto 2 X 107 copies B19 DNA permicrowell,
To further define the limit of detection, plasma specimens
{in = 17}, containing a range of B18 DNA concentrations and
B19 IgM/G reactivity, were subsequently ‘screened in the
antigen EIA. Table 1 shows that 530% (317} of specimens, all
of which contained greater than 1-4 x 10" copies per mi B19
DNA, were also detectable in the antigen EIA. One specimen
containing 7-2 X 10° copies per m! B19 DNA, which was B19,
{gM reactive, tested borderline positive IV = 1-0) in the antigen
EIA. All remaining specimens, which contained less than
1.9 %197 copies per ml 818 DNA and ‘either B19 TgM-or 1gG
or both, were unreactive in the antigen EIA,

Detection of the B19 antigen in the presence of specimen-
dérived B 19-specific IgG or IgM is essential 1o avoid false
negativity. Table 2 clearly Wustrates that specimen-derived
B19 antigen is detectable in the presence of both B19 TgG and

- TgMn = 8), Ig_M only (1 = 2) or IgG only (2 = 3). Furthermore,

B19 antigen is also detectable in specimens Bt72 and Bt73,
which contained B19 IgM (Fig. 2). It is clear, therefore, that
only B19 levels greater than 4 x 10” B19 DNA copies per ml
are detectable in the antigen ‘EIA and that the presence or -

. absence of IgM or IgG in the specimen does not affect detection

of the B19 antigen (Fig. 2 and Table 2). A specimen containing
‘erythrovirus genotype 2 (specimen Bt81] was detected a$ well
as erythrovirus genotype 1 {specimens Bt72, Bt73 and Bt80)
in the antigen EJA {Fig. 2). Furthermore, erythrovims genotype
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Table 1 Parvovirus B19 detection by antigen
enzyme immunoassay (EIA) and serofogical
analysis {819 IgM and 1gG) of specimens

Sample identifier IgMEA IV IGEIA W  gPCR{copiesperml} Antigen ElA IV

previpusly quantified by polymerase chain Cut-off caliprator 677 + 099 eg  13Ix10° 1-00 +
reaction {PCR) {copies per i), For the antigen EIA wPp 80 - 04 - e9xio" 187 %
an indexvalue{IV) 2 1-01s positive (+) and < 1-0is t4 o026 - DO - sox10" >30 - +
deemed negative {=). For both the 819 IgM and PL19 i 059 - 007 - BExI10" > 30 +
198 BIAIV > 1-1 s positive; V < 09 s negative; 7 058 - 005 - mEx 1M >30 +
. and IV between < 1+1 and IV > 0+9 s deemed a 013 - 004 - agxapt >30 +
equivecal {eq) &2 0-08 - o005 - 48xi0" . =30 ¥ -
C6 024 - 005 - 33x10" > 30 +
c3 008 - 009 - 39x1" > 30 +
Plg o1t - QOB - taxig" > 10 +
c5 2402 + 07 - F2xig8 10 +
ER - 20 + &l +  1exio’ 003 -
PL1 . &3 + 185 +  16x107 039 -
ce 015 - 256 +. 26x10° " oo4 -
DT ' 23 + 62 + 74x10? ‘ 007 -
RS 66 + 68 +  8OXI1GP 42 -
" pL2g o - a7 + 580 ‘¢4z -
PLIE - 92 - aBo + 200 o3 -
“Table 2 Effect of B19 [gM and 19 in plasma on the detection of B19 35

antigen. B19 antigen enzyme immunoassay (E1A) and serology resufts for
plasma from patients with suspected B19 infection. For the antigen ElA an
index value (IV) 2 1:0is positive {+] and < 1-0is deemed negative (~). For both 2.5

the B19 1gM and lgG ElA.an 1V > 1-1 is positive; IV < 09 is negative; and IV’ £
between < 1-1and > 0-9 is deemed equivocal (eq) g 2r
- 2

Sample [dentifier YMBEA _ IV IgGEIA IV Antigen HA IV § )

- ‘ - - it
Cut-off calibrater 677 + 099 eg 1
931 014 - ol - 1 05 .
420 016 -~ 090 eq 183 0
2981 173 + 1-50 .+ 181 1000 ng/ml 100 ng{ml 10 ng/mi
410 025 - - 090 Teg 1841 . . Protein concentration o
375 014 - 070 R L Fig-3 Comparison of erythrovirus genotype.1'and 3 VP2 reactivity in the
839 . T 030 - 080 - - 180 antigen enzyme immunoassay {E1A), Genotype 1 (clear and harizontal lined
‘889 ) 499 + 10 + 178 * bars) and genotype 3 (diagonal lined and flled bars) recombinant VP2 was
976 N AT - 120 + - 178 decimally diluted in.either Tris-buffered saline Tween-20 (TBST) (clear and
441 . 340 + 080 - 176 diaganal lined bars) or the proprietary low pH buffer (horizontal fincd and
. 028 - 1 + 73 filled bars), Error bars represent the standard deviation from the mean.
966 1-82 + 1-46 + 17-3 : -
%36 121 + 140+ 164 '
444 ' 086 - 100 eg 154 . '

* 980 ‘ on - 10 + 120 3 recombinant VP2 capsids exhibit ihdistinguishable reactivity

427 208 +  0BO S in the assay to genotype 1 recombinant VP2 (Fig. 3).
929 S 274+ 140 o+ w2 o -
888 025 - 0 + 82 : " .
925 12 .+ 150 . 676 ) Donor sample evaluation .
46 &89 + 280 18 Duting ‘an 18-month period, approximately 1+4 million
885 . 602 - + 1890 | + 0 .- . §

donations were tested for B19 DNA iri The Netherlands {14],
* and 70 cases of asymptomatic doriors (0-005%]) with levels of
B19 DNA greater than 10¢ TU/m! were identified. Of these,
49/70 (70%) tested positive on the antigen EIA assay forB19
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Fig. 4. A summary of the B19 antigen enzyme immungassay {EIA} and immunaglobulin M (IgM) EIA reactivity of the panel of viraemic donars. An index value
(fv) > 1-1 (denoted by line} is considered positive on both the B19 IgM EfA (filled bars) and antigen EIA (clear bars). The y-axis was truncated for clarity.

(range: 3-1 x 10°-3-2 x 10'? [U/ml; mean: 11 x 10'? [Ufml,
median: 1-2 x 10" IU/ml B19 DNA) (Fig. 4). Thus, Fig. 4
depic_ts the combined B19 IgM and antigen EIA data of the

70 viraemic specimens, and the r-axis is arranged to show-

the rise (10°~10"2 FU/ml) and subsequent drop in viraemia with
the development of B19-specific [gM antibodies {10'2- 10

"""‘IUIml):'Testi‘ﬁ‘g further revedled that ‘the pariel of ¥iraemic °

specimens was ¢ither pre- or early antibody seroconversion
as none confained B19 1gG [data not shown).

There was a positive cormrelation (correlation coefficient
r = 0-81) between the levet of B19 DNA (gPCR) and the level
of B19 antlgenemla (antigen ELA), but this relationship was

-not dlrectly proportional. Concordance between gPCR and

the antigen EIA was highest when viraemia titres were high
(> 1% 10" IU/ml). Of the viraemic donor specimens, 27 {38-6%)
tested positive IV » 1-1) or borderline positive (two specimens
were equivocal: IV £ 1-1, IV 2 0-9) for B19 IgM (Fig. 4). The
specimens that were equivocal for IgM reactivity reacted
strongly in the antigen EIA (IV > 19). The overlap between
the two groups was considerable and 17% of the specimens
tested positive for both B19 IgM and antigen (Fig, 4). Signi-
ficantly, 91t of the viraemic doriors were positive for either
B19IgM orantigen. Thus, these data clearly demonstrate that
the combined implementation of a screening algorithm for 819
IgM and antigen readily facilitates the detection of specimens
containing greater than 10° IU/ml B19 DNA equivalents.

Discussion

Here we describe a B19 antigen EIA for the direct detection
of B19 antigen in human plasma. The detection limit of the
assay was 0-01 ng/m) of purified recombinant VP2 capsids

- (which theoretically corresponds to 1-9 x 10 viral particles ~

per ml). Using dilutions of viraemic serum, the sensitivity was
estimated at between 4 x 107 and 10® copies per ml B19 DNA
equivalents. The antigen EIA was capable of detecting both

erythrovirus genotypes 2 {virus) and 3 {recombinant capsids).

When the antigen assay was used to test B19 viraemic donations,
70% tested positive of which had viral loads between
3-1 % 10° and 3-2 x 10'* IY/ml.

B19 detection in plasma was greatly enhanced by specimen
acidification. The low pH conditions may act by disrupting
the viral capsid inte its structural subunits, making it more

‘acéessiblé to the capture antibody. Although'it was préviously = ™~ 777

thought that B 19V was highly resistant to physicochemical
treatments, more recent work has shown the susceptibility of
B19V to low pH treatment [24]. Boschetti et‘al. [24] showed.
that B 19V was inactivated by greater than 5 logs after 2 h at
pH 4 and that infectivity also decreased. :
When the antigen assay. was performed at phys:ologlcal :

pH, the specimens that gave the highest absorbance values

were B19 IgM negative, implying immune complexes hinder ~
d_etecti'o n. However, when specimens were prepared in low
pH conditions, neither the presence of IgM nor IgG, even at
highlevels, affected the detection of B19 {Table 2). It is probable
that acidification caused the dissociation of any immmune
complexes present, False-negative results due to immuno-
complexes present a problem for B19 RHA assays, which
exploit the binding of 2 B19V receptor (o red blood cells [11].
Hence, the RHA assay is ineffective for antigen detection in
specimens that have seroeonverted a problem resolved by the
B19 antigen EIA.

B19 detection by PCR has a greater sensitivity, but such assays
have many disadvantages fe.g. potential cross-contamination)
not shared with an EIA. First, although erythrovirus genotypes
may diverge significantly at the genomic level (25,26},
requiring primer optimization [13), there does not appear to.
be'any antigenic or immunological differences between the
genotypes. The antigen EIA could identify genotype 2 eryth- - -

rovirus and genotype 3 recombinant VP2 capsids at the same

sensitivity as genotype 1. This is supported by the fact thatall-
three erythrovirus gehotypes can haemagglutinate human red

blood cells and also infect myeloid cells with equal efficiency
[27). Second, the significance of DNA in plasma postviraemia
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is unclear as low levels of B19 DNA ¢can persist for several
years post-infection, even after IgM is lost and IgG reactivity
has been established [28]. A virus detection assay, however,
allows simultaneous testing of hundreds of specimens, is
suitable for large-scale screening, is more economical and
has a shorter time to result.

Combined B19 antigen and IgM E1A analysis of the viraemic
donor specimens revealed that 91% of the donor specimens
could be diagnosed as acute infection using this screening

_algorithm. Previously,-clinical samples taken from individuals
with a suspected B 19 infection, which had a level 0f B19 DNA
greater than 10° IUfml, were shown to be positive for specific

IgM also [20]. This was not the case with the Dutch donor’

specimens herein, as this panel was from asymptomatic
individuals whose infection was detected due to routine
screening. Donor specimens, therefore, would be from all
stages post-infection indu&in'g the preseroconversion stage.
Experimental infection has shown that B 19 infection has two
phases [29], characterized by symptom-free initial high
viraemia (~10" copies per ml seruni) followed by detectable
IgM antibody and appearance of symptoms such as rash and

_arthralgia. JgM seroconversion causes a rapid decline of viral

titre. The 70 viraemic spectmens identified in this study
_showed a typical viraemia and IgM sercconversion pattern
{Fig. 4), confirming that the donorsamplesare representatwe
of all stages of acute infection.

tis important to confur the diagnosis of acute B19 infection
in a public health setting where an.outbreak could lead to

setious medical consequences, especially for pregnant women’

and immunocompromised patients. In addition, B19 screening
of blood donors prior to donation would avoid the risk of
‘ contaminating blood products. The B19 antigén EIA in

conjunction with specific B191gM detection offers an effective .

method of detecting acute infection.’
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REPORT

Standardization of nucleic acid amp'li'fica‘tion technique
(NAT)-based assays for different genotypes of parvovirus
B19: a meeting summary

S. A. Baylis
Division of Virology, Notional Institute for Biologicol Standords ond Control, Blanche Lone, South Mimms, Potters Bar, Hertfordshire, UK

An extraordinary meeting of the International Working Group on the Standardization
of. Genome Amplification Techniques for the safety testing of blood, tissues and
organs for blgod borne pathogens was held on 2 March 2007, at the National Institute
for Biological Standards and Control. The aim of the meeting was to investigate ways
to harmonize results obtained for the detection and quantification of different genotypes
of parvovirus B12 (B19V) DNA by control laboratories and manufacturers of plasma
derivatives. The meeting explored issues of B19V such as the classification of B15V
strains, the prevalence and distribution of different genotypes, the clinical and
biological significance of different genotypes, the detection of different genotypes in
plasma-derived products, and their susceptibility to virus-inactivation procedures, At
‘this meeting and through subseguent studies, high titre, high volume samples have
been identified representing different genotypes of B 19V, which will be evaluated by-
tollaborative study to prepare reference panels for the purposes of assay validation.
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- Introduction

Since 2004, European regulatory requirements have meant
that plasma used in the production of anti-D immunoglobulin
and pooled human plasma treated for virus inactivation must
be screened to ensure that levels of parvovirus B13 (B19V)
DNA do not exceed, 10 TUful [1-3]. Plasma donations con-
taining high titres of B19V are removed by the manufacturers

of plasma derivatives, and the appropriate pools are tested by

a group of European Official Medicines Control Laboratoties
{OMCLs) for subsequent batch release. Screening is performed
using nucleic acid amplification technique (NAT)-hased
" assays for B19V DNA. The introduction of these regulatory
requirements was underpinned by the establishment of the
- first World Health Organization (WHO] International Standard
for B19V DNA (NIBSC code 99/800) {4]. The discovery that
B19V was more genelically divérse than was -originally
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thought, forming three genotypes {5} has led to a review of
testing procedures. Strains, representing each of the two
more recently identified genotypes, have now heen formally
classified as B19V by the International Commitice on the
Taxonomy of Virses (ICTV) [6]. This classification has led to
regulatory issues. The guidelines for validation of quantitiative
NAT éssays for B19V, due to be published in the European
Pharmacopoeia, (Ph, Eur), recommend that all genotypes of
B19V should be detected. Recent Proficiency Testing Schemes
(PTS), vun by the European Directorate for the Quality of
Medicines (EDOM}, who coordinate the OMCL network, have
highlighted discrepant. results, when samples representing
different genotypes of B19V have been included in the panels (7].
This was discussed further at a meeting held at the EDQM in
Strasbourg on 9 November 2006, which focused on some of
the issues with the (ypes of commercial NAT a:_ssays available
for the detection and quantification 6f B19V DNA. In an effort

- to harmonize results gbtained by control laboratories and plasma

fractipnators, an extracrdinary meeting of Standardization
of Genome Amplification Techniques (SoGAT} was held at
National Institute for Biological Standards and Contrel (NIBSC)

_on2 Marph 2007. The aim of the meeting was to identify ways

to provide approprate reference materials, to support the



