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The COBAS AmpliPrep instrument (Roche Diagnostics
GmbH, D-68305 Mannheim, Germany) automates the
entire sample preparation process of nucleic acid isola-
tion from serum or plasma for polymerase chain reac-
tion analysis. We report the analytical performance of
the LightCycler Parvovirus B19 Quantification Kit
(Roche Diagnostics) using nucleic acids isolated with
the COBAS AmpliPrep instrument. Nucleic acids were
extracted using the Total Nucleic Acid Isolation Kit
(Roche Diagnostics) and amplified with the LightCycler
Parvovirus B19 Quantification Kit. The kit combination
processes 72 samples per 8-hour shift. The lower detec-
tion limit is 234 IU/ml at a 95% hit-rate, linear range
approximately 10*-10"° IU/ml, and overall precision 16
to 40%. Relative sensitivity and specificity in routine
samples from pregnant women are 100% and 93%, re-
spectively. Identification of a persistent parvovirus B19-
infected individual by the polymerase chain reaction
among 51 anti-parvovirus B19 IgM-negative samples un-
derlines the importance of additional nucleic acid test-
ing in pregnancy and its superiority to serology in iden-
tifying the risk of parvovirus B19 transmission via blood
or blood products. Combination of the Total Nucleic
Acid Isolation Kit on the COBAS AmpliPrep instrument
with the LightCycler Parvovirus B19 Quantification Kit
provides a reliable and time-saving tool for sensitive
and accurate detection of parvovirus B19 DNA. (J Mol
Diagn 2004, 6:37—41)

Beside driving seminal advances in uncovering and un-
derstanding gene function in all areas of life, polymerase
chain reaction (PCR) analysis has improved health care by
the remarkable sensitivity and specificity of its ability to de-
tect viral pathogens in body fluids and tissues. Modern PCR
thermal cyclers are heavily automated, but most assays
have, up to now, required extensive hands-on time due to
labor-intensive nucleic acid isolation from the sample.”
The COBAS AmpliPrep instrument (Roche Diagnostics
GmbH, D-68305 Mannheim, Germany) was recently in-

troduced to expand automation by isolating target se-
quences using biotinylated sequence-specific capture
probes along with streptavidin-coated magnetic parti-
cles."? It has lately been joined by an additional versatile
tool, the Total Nucleic Acid Isolation (TNAI) Kit (Roche
Diagnostics). This laboratory-use reagent allows the ge-
neric, not sequence-specific, isolation of all nucleic acids
from plasma and serum on the COBAS AmpliPrep instru-
ment based essentially on the method developed by
Boom et al.®> We evaluated the analytical performance of
this system using the LightCycler Parvovirus B19 Quan-
tification Kit for PCR amplification (Roche Diagnostics).

Parvovirus B19 infection is a common childhood illness
which usually runs a mild course in immunocompetent
individuals, producing a characteristic rash known as
erythema infectiosum or fifth disease.” Infection may be
complicated by severe arthralgia or a transient aplastic
crisis in individuals suffering from chronic hemolytic dis-
ease.® Congenital anemia and vasculitis have also been
described.® More recently the virus has been associated
with hepatitis and myocarditis.” Following maternal in-
fection in pregnancy, the virus may be transmitted to the
fetus, causing hydrops, spontaneous abortion, or intra-
uterine death.'® Besides transmission via the respiratory
route, parvovirus B19 infection may also occur through
contaminated blood and blood products.’' The latter has
been recognized by the United States Food and Drug
Administration, resulting in a proposal for parvovirus B19
nucleic acid testing (NAT) to be regarded as in-process
testing rather than donor screening (www.fda.gov).

We present below data showing that the combination
of the TNAI Kit, COBAS AmpliPrep instrument, and Light-
Cycler Parvovirus B19 Quantification Kit provides a reli-
able and time-saving tool for sensitive and accurate par-
vovirus B19 DNA detection in the research laboratory.

Materials and Methods

Sample Material

Analytical performance data were generated using dilu-
tion series of either a parvovirus B19 DNA high-positive
plasma donation (Transfusionszentrale, D-55131 Mainz,
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Germany) or the World Health Organization Standard
(National Institute for Biological Standards and Control
[NIBSC] first International Standard 2000 Parvovirus B19
DNA 500000 IU/ml; Code 99/800, South Mimms, UK).
Dilutions were made in parvovirus B19 DNA-negative
human EDTA plasma, citrate plasma, or serum. Research
samples were derived mainly from pregnant women and
were fully tested for the presence of anti-parvovirus B19
antibodies (Parvovirus B19 IgG EIA and Parvovirus B19
IgM EIA, Biotrin, Dublin, Ireland).

Nucleic Acid Testing

Fully automated preparation of viral nucleic acids was
performed on the COBAS AmpliPrep instrument using the
TNAI Kit according to the manufacturer’s instructions. In
brief, samples were aliquoted into sample tubes (desired
input volume plus 150 ul dead volume, chosen from the
options between 50 and 850 ul) and placed in the instru-
ment together with the TNAI Kit cassettes containing all
necessary reagents. The amount of internal control (IC)
was adjusted to 3.1 ul per 50 wl QS diluent. The resulting
eluates were then analyzed directly or stored in output
tubes at temperatures from —80°C through 37°C for elu-
ate stability testing at different temperatures.

Eluates containing viral nucleic acids were analyzed
by real-time PCR using the LightCycler Parvovirus B19
Quantification Kit on the LightCycler instrument following
the manufacturer’s instructions. The reference was an
experienced in-house PCR protocol with modifications in
that sample extraction is now performed with the MagNA
Pure LC Total Nucleic Acid Isolation Kit (Roche Diagnos-
tics) and amplification is on the LightCycler.'2

Experimental Design and Statistical Methods

Unprocessed samples were mostly stored at —80°C. The
lower limit of detection was determined using a serial
dilution of Parvovirus B19 DNA International Standard
from 10 to 1000 IU/ml in the given matrix, 12 replicates
each. Results were analyzed using the probit analysis
algorithm.™ A dilution series of a parvovirus B19 DNA
high-positive, single-blood donation processed in eight
replicates/run and three independent runs was used to
calculate precision using variance component analy-
sis.’® Linearity was determined from the same data set

Excitation Emission

at 492 nm\ FRET /al 640 nm
FLUOS, | LCB40
fwd
parvovirus B19 target: snmn CTYTY
rev
Excitation Emission
at 492 nm\ EEEI /et 705 nm
FLUOS, | LC705
fod _ e
Internal Control: LLLY] LYY

=

Figure 1. Principle of simultaneous target and IC amplification and detection
using hybridization probe technology. The target DNA as well as the IC DNA
is co-amplified by means of PCR using the identical set of primers. During the
annealing phase, the hybridization probes labeled with FLUOS at the 3" end
and with LC640 at the 5" end, respectively, specifically bind to the single-
stranded target sequence in direct proximity, thus allowing a fluorescence
resonance energy transfer (FRET) resulting in a signal detectable at 640 nm.
The IC is a plasmid that provides the original target amplicon with the
exception for an exchange of the second hybridization probe binding site for
a sequence complementary to the IC-specific hybridization probe being
labeled with LC705 at the 5" end. The signal generated in the presence of the
IC is detectable at 705 nm and can thus be distinguished from the target signal
in the LightCycler instrument. Since amplification of the target and IC se-
quence competes for the same pool of primer, the IC has to be positive with
parvovirus B19 DNA-negative samples but may be negative with with par-
vovirus B19 DNA-positive samples.

using the equation f(x) = log(c,)-log[(c, 4 1)/10], where
c, was the concentration measured cycle n, with the
specification Af(x) = 0.3.

Results and Discussion

Application of the LightCycler Parvovirus B19
Quantification Kit to the TNAI Kit on the COBAS
AmpliPrep Instrument

The TNAI Kit is designed to be compatible with most
downstream amplification systems. In the present study,
it was tested in combination with the LightCycler Parvo-
virus B19 Quantification Kit. The IC delivered with the
LightCycler Kit was generated by ligating the parvovirus
B19 target amplicon into a pUC-based cloning vector
suitable for amplification in E. coli. To allow detection of
the IC distinct from the viral target, the nucleic acid
sequence complementary to the LC640-labeled hybrid-
ization probe was exchanged for a sequence comple-
mentary to the LC705-labeled |C-specific hybridization
probe (Figure 1). Thus, the IC is co-amplified with the
target by the same set of primers and has to be positive
with parvovirus B19 DNA-negative samples to validate a
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Figure 2. Workflow scheme for the TNAI Kit on the COBAS AmpliPrep instrument with the LightCycler Parvovirus B19 Quantification Kit. After priming the
COBAS AmpliPrep instrument, the first 24-sample rack is processed using the TNAI Kit, followed by setup of the first PCR. The first LightCycler run is started while
the second sample rack is processed. This procedure is repeated with the second and third 24-sample racks, ending with complete data collection after a total

of 8 hours.



Table 1. Calculation of the Copy-IU Correlation Factor
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Measured copies®

Volume corrected*

Correlation factor Converted to 1U*

(copies) (copies/mL) (IU/copy) (IU/mL)
Mean (plasma/serum) 48.4 /57.0 3610/4270 2.77/2.34 10000/10000
Min (plasma/serum) 32.0/35.7 2400/2670 2.77/2.34 6648/6248
Max (plasma/serum) 66.8/74.1 5010/5560 2.77/2.34 13878/13010

*QOverall CV: 18%.

The WHO Parvovirus DNA international standard was diluted in EDTA plasma and serum to yield 1.00E+04 IU/mL and extracted in 24 replicates on
the COBAS AmpliPrep instrument using the TNAI Kit. Five microliters per eluate were analyzed employing the LightCycler Parvovirus B19
Quantification Kit. The copy-IU correlation factor was calculated after volume correction from the mean of the replicates.

Table 2. Determination of Eluate Stability

Measured concentration (1U/mL)

Onboard 2-8°C

—20°C

Unstressed

Temperature Time 17 hours 1 day 3 days 7 days 1 day 7 days 28 days reference
Low-positive sample ~ 5.45E+03 5.34E+03 5.69E+03 8.08E+03 6.63E+03 7.95E+03 5.38E+03  6.14E+03
High-positive sample  2.30E+06 1.85E+06 2.74E+06 1.48E+06 2.28E+06 3.54E+06 2.85E+06  2.87E+06

A high-positive and low-positive dilution of a single parvovirus B19 DNA-positive sample in K3-EDTA plasma was processed on the COBAS
AmpliPrep instrument using the TNAI Kit. Resulting eluates were analyzed in triplicate employing the LightCycler Parvovirus B19 Quantification Kit

either directly or after storage at the given temperature and time.

result but may be negative with parvovirus B19 DNA-
positive samples due to competition for the primer pool.
To allow 48 reactions to be set up per TNAI and Light-
Cycler Parvovirus B19 Quantification Kit combination, the
IC was entirely diluted in TNAI QS diluent resulting in a
ratio of 3.1 ul IC per 50 ul diluent; the IC dropout rate was
evaluated using 214 routine blood donations (Bavarian
Blood Donation Service, Munich, Germany). The cp-
value of the IC-corresponding signal was found in a
range between 32 and 35 and was accompanied by a
dropout rate of 0% (data not shown). It demonstrates that
this amplification/detection system is not susceptible to
putative plasma-borne inhibitors and that the results gen-
erated by the combination of the TNAI Kit on the COBAS
AmpliPrep instrument with the LightCycler Parvovirus
B19 Quantification Kit are reliable. An optimal workflow
was then designed for the kit combination resulting in a
throughput of 72 samples per 8-hour shift (Figure 2). To

Table 3. Dependence of Sensitivity on Specimen Type and
Input Volume

Lower limit of detection (IU/mL) at 95%

hit-rate
Dilution in
Specimen input  K3-EDTA Dilution in Dilution in
volume (ul) plasma  citrate plasma serum
50 544 ND ND
100 367 ND ND
200 234 172 112
500 494 ND ND
850 >1000 87 110

ND, not determined.

The WHO Parvovirus DNA international standard was diluted in K3-
EDTA plasma, citrate plasma, and serum to cover a range of 1000-10
IU/mL. Fifty to 850 microliters of the samples as taken from the options
of the TNAI Kit were extrated using the TNAI Kit on the COBAS
AmpliPrep instrument and the corresponding eluates analysed with the
LightCycler Parvovirus B19 Quantification Kit. The lower limit of
detection was calculated employing the PROBIT algorithm as
described.

convert the LightCycler copy results to International
Units, a correlation factor was calculated by extraction
and quantification of the World Health Organization Stan-
dard diluted in parvovirus B19 DNA-negative dilution ma-
trix (Table 1). The factor was found to be 2.77 IU/copy for
EDTA plasma and 2.34 |U/copy for serum as dilution
matrix, respectively, using a sample input volume of 200
wl. The stability of the parvovirus B19 DNA-positive eluate
delivered by sample processing using the TNAI Kit was
also determined at various temperatures over time (Table
2). The results showed that target recovery deviated by

Analysis of Dynamic Range
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Figure 3. Dynamic range analysis with the combination of the TNAI Kit on
the COBAS AmpliPrep with the LightCycler Parvovirus B19 Quantification
Kit. A dilution series of a high titer parvovirus B19 DNA-positive single
donation in K3-EDTA plasma calibrated to the World Health Organization
standard was processed using the TNAI Kit on the COBAS AmpliPrep instru-
ment in three independent runs with eight replicates each and then quanti-
fied using the LightCycler Parvovirus B19 Quantification Kit. Output results in
copies were converted to IU using the correlation factor given in Table 1 and
linearity determined as described in Materials and Methods. The line depicts
100% correlation.
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Table 4. Signal Recovery and Precision Testing

Variance analysis

Measured Deviation
Input concentration concentration CrneasuredCinput CV 18 replicates Intra-assay CV 6 Inter-assay CV
(IU/mL) (mean 1U/mL) (log) (%) replicates/run (%) 3 runs (%)
6.36E+02 1.52E+03 0.29 40.42 41.62 0.00*
6.36E+03 5.89E+03 -0.13 22.97 23.95 0.00*
6.36E+04 4.62E+04 -0.23 22.88 22.61 4.21
6.36E+05 4.00E+05 -0.29 26.00 16.40 24.02
6.36E+06 4.40E+06 -0.25 21.95 17.42 15.89
6.36E+07 4.52E+07 -0.24 16.45 714 17.64
6.36E+08 3.80E+08 -0.32 25.65 12.21 26.85
6.36E+09 2.78E+09 —0.45 31.11 31.75 0.00*
6.36E+10 3.00E+10 -0.42 38.34 16.64 41.11

*Zero set by the software tool.

A dilution series of a parvovirus B19 DNA-positive single donation in K3-EDTA plasma was extracted using the TNAI Kit on the COBAS AmpliPrep
instrument in six replicates per run and a total of three runs at 3 days and analyzed with the LightCycler Parvovirus B19 Quantification Kit. The results
were taken to determine the deviation between measured and input concentration. The overall CV (overall precision), the intra-assay CV (precision
within a single run), and the inter-assay CV (precision run-to-run) were calculated as described.'®

less than 0.3 log compared to the unstressed control, an
observation allowing storage of the eluate for later re-
testing. However, all data subsequently presented in this
study were generated according to the workflow, which
eliminated prolonged eluate storage.

Analytical Performance

The criteria for evaluating the performance of the kit
combination were sensitivity (lower limit of detection),
dynamic range (lower and upper limit of quantification),
and precision. Sensitivity was determined using serial
dilutions of the World Health Organization standard for
parvovirus B19 DNA in parvovirus B19 DNA-negative
EDTA plasma, citrate plasma, and serum (Table 3). The
correlation between sample input volume and sensitivity
was optimal at 200 wl input volume with a detection limit
of 234 IU/ml (95% hit-rate) using an EDTA plasma matrix.
With a citrate plasma or serum matrix, sensitivity showed
little increase with volume beyond 200 wl. This differential
observation was not due to PCR inhibitors from EDTA
plasma since the corresponding parvovirus B19 DNA-
negative eluate did not influence signal recovery of
spiked purified parvovirus B19 DNA (data not shown).

Table 5. Clinical Research Sample Test Results

Anti-
parvovirus
B19 serology Parvovirus B19 DNA
NAT NAT
Samples (n) IgG IgM system 1 system 2

15 —ve —ve —ve —ve
35 +ve —ve —ve —ve
1 +ve —ve +ve —ve
4 +ve +ve —ve —ve
4 +ve +ve —ve +ve
51 +ve +ve +ve +ve

Clinical research samples were processed and analysed according
to the workflow as described in the Material and Methods section. (NAT
system 1: in-house reference method; NAT system 2: TNAI Kit on
COBAS AmpliPrep instrument with LightCycler Parvovirus B19
Quantification Kit).

However, all further analyses were performed using a
200 wl specimen input volume.

Dynamic range was evaluated using a dilution series of
a single high-titer parvovirus B19 DNA blood donation in
EDTA plasma calibrated to the World Health Organization
standard. Linearity was good, with lower and upper
quantification limits of approximately 10* [U/ml and 10'°
|U/ml (Figure 3). Within this range, measured values ex-
hibited intra-signal deviation of less than 0.3 log, although
they were generally found slightly below the input con-
centration (Table 4).

Overall precision analysis showed a coefficient of vari-
ation (CV) of 16 to 40% (Table 4). The CV was lowest, 16
t0 26%, at concentrations of approximately 10*-10° 1U/m;
it increased to around 40% at the upper limit of quantifi-
cation and lower limit of detection. These analytical per-
formance data meet the general requirements for NAT
systems and are excellent in comparison with previous
studies. 6729

Specificity and Sensitivity in Research Samples

Parvovirus B19 infection is a critical issue in pregnancy
due to its potential transmission to the fetus, which can
cause severe complications including fetal death. Since
the infected fetus could benefit from timely intrauterine
transfusion, accurate and sensitive detection of parvovi-
rus B19 in pregnant women is of great importance.?’ We
compared the combination of the TNAI and LightCycler
Parvovirus B19 Quantification kits with the reference NAT
system set as gold standard in analyzing research sam-
ples largely obtained from routine blood tests in pregnant
women (Table 5). The reference NAT system employs
nucleic acid extraction with the MagNA Pure LC Total NA
Kit with in-house real-time PCR targeting the VP1 gene
region on the LightCycler instrument. The combination
allowed semi-quantitative detection of parvovirus B19
DNA in serum and plasma down to a detection limit of
approximately 600 copies/ml (approximately 1000 1U/ml
according to the NIBSC). Quantitative correlation of the
results was not possible due to the semi-quantitative
character of the reference system.



A first collective, consisting of 51 anti-parvovirus B19
IgM-negative samples, was analyzed in comparison to
the reference system. One sample proved PCR-positive
in both NAT systems, indicating persistent parvovirus
B19 infection. As reported previously, parvoviral DNA
may persist at low levels in immunocompetent individuals
for up to 40 months post-infection.'®22:2% All remaining
samples were parvovirus B19 DNA-negative in both NAT
systems.

In a second collective, 51 of a total of 59 anti-parvovi-
rus B19 IgM-positive samples were found parvovirus B19
DNA-positive by both NAT systems, whereas four anti-
parvovirus B19 IgM low-positives did not react by PCR,
suggesting clearance of viremia. Four samples were re-
peatedly parvovirus B19 DNA-positive using the Roche
kit system but were found negative by the reference PCR
and were therefore considered as false-positives.

In summary, the sensitivity of the combination of the
TNAI Kit on the COBAS AmpliPrep instrument with the
LightCycler Parvovirus B19 Quantification Kit in this lim-
ited number of samples is thus excellent at 100%. The
specificity of the kit combination relative to the in-house
NAT method was found to be 93%.
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