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Automated and manual extraction systems have been
used with real-time PCR for quantification of Epstein-
Barr virus [human herpesvirus 4 (HHV-4)] DNA in
whole blood, but few studies have evaluated relative
performances. In the present study, the automated
QIAsymphony and manual QIAamp extraction sys-
tems (Qiagen, Valencia, CA) were assessed using
paired aliquots derived from clinical whole-blood
specimens and an in-house, real-time PCR assay. The
detection limits using the QIAsymphony and QIAamp
systems were similar (270 and 560 copies/mL, respec-
tively). For samples estimated as having >10,000 cop-
ies/mL, the intrarun and interrun variations were sig-
nificantly lower using QIAsymphony (10.0% and
6.8%, respectively), compared with QIAamp (18.6%
and 15.2%, respectively); for samples having <1000
copies/mL, the two variations ranged from 27.9% to
43.9% and were not significantly different between
the two systems. Among 68 paired clinical samples,
48 pairs yielded viral loads >1000 copies/mL under
both extraction systems. Although the logarithmic
linear correlation from these positive samples was
high (r2 � 0.957), the values obtained using QIAsym-
phony were on average 0.2 log copies/mL higher than
those obtained using QIAamp. Thus, the QIAsym-
phony and QIAamp systems provide similar EBV DNA
load values in whole blood. (J Mol Diagn 2011, 13:
695–700; DOI: 10.1016/j.jmoldx.2011.07.006)

DNA loads of Epstein-Barr virus (EBV) [human herpesvi-
rus 4 (HHV-4)] are monitored in transplant patients to
detect early EBV infection and posttransplant lymphopro-

liferative disease, and are also used in pre-emptive treat-
ment strategies.1,2 Various sample types have been used
in viral load assays, including plasma, peripheral blood
lymphocytes, and whole blood samples. Although at
present there is no consensus on the optimal sample
type,3 at some laboratories, including ours, the prefer-
ence is to test whole-blood specimens, because the viral
load in whole blood represents the total viral load present
in both the cellular and the cell-free compartments, and
because testing of whole blood is easier than testing
plasma or peripheral blood lymphocytes, for which a
separation step is needed.4,5 Furthermore, because the
viral loads can be appreciably higher in whole blood than
in plasma,5 testing of whole blood can provide a more
sensitive indicator for pre-emptive treatment strategies.

The extraction of EBV DNA from whole blood is a
critical component of viral load assays as performed by
many laboratories. Although various extraction systems
have been used,6–8 comparisons between automated
and manual systems are limited in number.9,10 The
QIAamp spin column method (Qiagen, Valencia, CA) is a
widely used manual extraction system based on the ad-
sorption of DNA to a silica gel membrane. With the pro-
cessing of large batches of specimens, this system be-
comes extremely labor-intensive, however, and the high
number of manual micropipetting steps increases the risk
for repetitive motion injury and the potential for technical
error. To address these concerns, Qiagen recently intro-
duced the QIAsymphony system, a fully automated ex-
traction system that can accommodate up to 96 speci-
mens. The QIAsymphony system also uses silica-based
DNA purification technology, but combines it with auto-
mated handling of magnetic particles. Some attractive
features of this system include accommodation of differ-
ent types of sample tubes (including primary blood col-
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lection tubes), specially designed cartridges sealed with
prefilled reagents, fully automated inventory scanning,
refrigerated storage of sample eluates, and UV light de-
contamination of the instrument deck. We know of no
previous published comparisons of the QIAamp and
QIAsymphony systems for the extraction of EBV DNA
from whole blood samples for use in measuring the viral
load by real-time PCR.

The purpose of the present study was to compare the
performances of the QIAamp manual spin column
method and the QIAsymphony automated system for ex-
traction of EBV DNA from whole blood samples for use in
measuring EBV viral load by a real-time PCR assay.

Materials and Methods

Whole Blood Specimens

Samples of whole blood were obtained from a repository
maintained by a clinical laboratory (Pediatric Molecular
Microbiology Laboratory, Children’s Hospital of Pitts-
burgh of the University of Pittsburgh Medical Center,
Pittsburgh, PA). The specimens had been collected in
3.0-mL BD Vacutainer tubes containing 5.4 mg of
K2EDTA (Becton Dickinson, Franklin Lakes, NJ) and
stored in multiple aliquots at �80°C. The repository con-
tains residual clinical specimens previously evaluated for
EBV DNA load by the clinical laboratory as part of stan-
dard patient care. This testing consisted of extraction of
DNA from whole blood using the QIAamp spin column
method and the same real-time EBV PCR assay as de-
scribed below. Use of these samples was approved by
the institutional review board of the University of
Pittsburgh.

EBV DNA Extraction

In all experiments, replicate aliquots of whole blood sam-
ples, stored at �80°C, were extracted by the QIAsym-
phony and QIAamp methods within 18 days of each
other. EBV DNA is stable for at least several months in the
frozen state, and small differences in freezer storage time
do not affect EBV DNA load determinations. Immediately
before use, the frozen samples were thawed in a water
bath at 37°C.

QIAsymphony

Just before extraction, 400-�L volumes of the whole
blood samples were manually transferred into 2-mL cryo-
tubes. This volume was chosen to assure that the man-
ufacturer’s minimum required volume of 300 �L would be
met within the minor variations expected with manual
transfers. The tubes were placed into 24-tube-capacity
carrier racks and loaded into the instrument. We selected
the Virus Blood 200 protocol with the option of dispensing
eluates into uncooled 2.0-mL tubes. With this protocol,
200 �L of whole blood is extracted and eluted into a total
volume of 95 �L; of this 95 �L, a minimum accessible

volume of 60 �L is provided.
QIAamp

DNA was extracted from 200 �L of whole blood using a
spin column (QIAamp DNA blood mini kit; Qiagen) and
eluted into 50 �L of Buffer AE (Qiagen) according to the
manufacturer’s blood and body fluid spin protocol. Elu-
ates were stored at �20°C until needed for PCR testing.

Quantitative Real-Time EBV PCR Assay

EBV DNA loads were determined using a previously val-
idated in-house, real-time PCR assay.5,11 The validation
studies for this assay determined an analytical detection
limit of 2 EBV DNA copies/reaction and a wide, linear
analytical measurement range (2 to 2 � 106 EBV DNA
copies/reaction), consistent with published results.11 Us-
ing the manual QIAamp extraction-EBV PCR system, the
studies also determined within-run and between-day vari-
ation (imprecision) for whole blood samples containing
20,000 EBV DNA copies/mL as CV values of 22% and
24%, respectively.

Briefly, the PCR was performed in a 50-�L reaction
mixture containing 25 �L of 2� TaqMan Universal PCR
master mix (Applied Biosystems, Foster City, CA), 0.2
�mol/L each of EBV forward and reverse primers, 0.1
�mol/L EBV TaqMan probe, and 5 �L of sample. Each
PCR run included a set of quantitative calibrators or stan-
dards corresponding to 20, 200, 2000, 20,000, 200,000,
and 2,000,000 copies/reaction of a pGEM-BALF-5 plas-
mid coding for the EBV DNA polymerase gene, in accor-
dance with previously described practices.11,12 The plas-
mid was kindly provided by Hiroshi Kimura (Nagoya
University School of Medicine, Nagoya, Japan)11 and
was inserted into a strain of Escherichia coli at our labo-
ratory. It was extracted from suspensions of the E. coli
strain using a QIAprep Spin mini prep kit (Qiagen), and
its concentration was determined spectrophotometri-
cally. All samples (ie, DNA eluates and standards) were
tested in duplicate PCR reactions. The thermal cycling
program consisted of 50°C for 2 minutes, 95°C for 10
minutes, and 40 two-step cycles of 95°C for 15 seconds
and 60°C for 1 minute and was performed using an
Applied Biosystems 7500 real-time PCR instrument. The
viral load in whole blood was determined from a standard
curve and was expressed as the number of EBV DNA
copies per milliliter.13

PCR Inhibition Assay

DNA extracts from clinical specimens were tested for
substances that inhibit PCR by use of a PCR inhibition
assay.5 This assay was performed separately from the
real-time EBV PCR assay. After the EBV PCR assay test-
ing, the extracts were stored at �20°C and tested within
8 days with the inhibition assay. The inhibition assay was
performed using an Applied Biosystems exogenous in-
ternal positive control reagents kit. The kit reagents in-
clude proprietary primers and a fluorogenic probe for
real-time PCR amplification and detection of a proprietary
DNA target. PCR amplification was performed in a 50-�L

reaction mixture containing 25 �L of 2� TaqMan univer-
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sal PCR master mix, 5 �L of 10� exogenous internal
positive control mix, 1 �L of 50� exogenous internal
positive control DNA (all from Applied Biosystems), and 5
�L of sample (ie, extracts or Tris-EDTA buffer). Extracts
were tested in duplicate reactions and Tris-EDTA buffer
(control) was tested in four reactions in each run. The
thermal cycling program was identical to that used for
the EBV PCR assay. Cycle threshold (CT) values from the
amplification plots of the positive control DNA were de-
termined at a delta Rn value of 0.1. For each DNA extract,
a CT difference value was calculated by subtracting the
mean CT value obtained from the four buffer control re-
actions from the mean CT values obtained from testing
the DNA extracts. PCR inhibition was defined as a CT

difference value of �1.0 units.

Lower Limits of Detection

The lower limits of detection of EBV DNA in whole blood
were determined with the QIAamp and QIAsymphony
extraction systems in conjunction with the EBV PCR as-
say. A 0.5-log dilution series was prepared by combining
samples from the repository with known EBV DNA load
values and diluting the pool serially in blood determined
to be EBV DNA-negative by the QIAamp extraction-EBV
PCR assay system to yield concentrations ranging from 1
to 3160 EBV DNA copies/mL. Replicate aliquots from
each dilution were stored at �80°C. Six replicate aliquots
from each dilution were extracted with the QIAsymphony
and the QIAamp systems. The extracts were tested as
paired samples, with respect to the EBV DNA concentra-
tion of the dilution and the extraction method, in the same
EBV PCR run. With this paired-sample PCR testing ap-
proach, differences in lower limits of detection between
the QIAsymphony-EBV PCR assay system and the
QIAamp-EBV PCR assay system can reasonably be at-
tributed to the extraction methods per se, because the
variation contributed by the PCR should be the same with
both systems.

Reproducibility

Reproducibilities for the entire QIAsymphony extraction-
EBV PCR system and the entire QIAamp extraction-EBV
PCR system were assessed using pooled blood samples.
Five pools were prepared by thawing samples from the
repository and combining them to yield approximate EBV
DNA loads of 100, 1000, 10,000, 100,000, and 1000,000
copies/mL. Replicate 0.4-mL aliquots were prepared
from each pool and stored at �80°C. For the intrarun
assessment, six replicate aliquots from each pool were
extracted in the same QIAsymphony run and six addi-
tional replicate aliquots from each pool were extracted in
the same QIAamp run. For the interrun assessments,
aliquots (one each) from each pool were extracted in six
independent runs for both methods. The extracts were
tested as paired samples, with respect to both the pool
and the extraction method, in the same EBV PCR run.
With this paired-sample PCR testing approach, differ-
ences in reproducibility between the QIAsymphony-EBV

PCR assay system and the QIAamp-EBV PCR assay sys-
tem can reasonably be attributed to the extraction meth-
ods per se, because the variation contributed by the PCR
should be the same with both systems.

Correlation

Correlation between the two systems was evaluated us-
ing a set of paired aliquots of whole blood specimens
(n � 68). The specimens were selected from the repos-
itory to include both EBV DNA-negative specimens and
EBV DNA-positive specimens as determined by the clin-
ical laboratory testing. Correlations were determined for
the detection of EBV DNA and for the measurement of
EBV DNA concentrations.

Statistical Analysis

Lower limits of detection were determined by probit anal-
ysis.8,14 Differences in viral loads determined with the two
extraction systems (versus no differences) were analyzed
by the one-sample t-test. Bivariate correlations were as-
sessed with Spearman’s r statistic and a two-tailed test of
significance. Differences in means were analyzed by the
paired t-test. The linear association between log cop-
ies/mL values determined with the two extraction meth-
ods was analyzed by a linear regression model and the r2

statistic. These analyses were performed using SPSS
version 18.0 software (SPSS, Chicago, IL).

Differences in reproducibility between test systems
were analyzed by the F test for homogeneity of vari-
ance.15,16 To control for differences in the magnitude of
viral load values in the data sets, values were normalized
to a reference value. Differences in proportions were
analyzed by the z test.

Results

Lower Limits of Detection of the Test Systems

The proportions of positive PCR reactions obtained from
the testing of the 0.5-log dilution series of EBV DNA-
containing whole blood samples were similar with the
QIAsymphony and the QIAamp extraction systems (Fig-
ure 1). At a probability of 0.95, the lower limit of detection
with the QIAsymphony method was 270 copies/mL (95%
confidence interval, 140 to 1000 copies/mL), compared
with 560 copies/mL (95% confidence interval, 270 to
2000 copies/mL) with the QIAamp method.

Reproducibility of the Test Systems

The intrarun CV values obtained from each of the five
pools with the QIAsymphony method were between 7.7%
and 33.5%, and between 6.8% and 56.6% with the
QIAamp method. The intrarun variation from the pools
estimated as having �10,000 copies/mL was lower for
the QIAsymphony method than for the QIAamp method
(mean CV values of 10.0% and 18.6%, respectively, P �
0.01). For the pools estimated as having �1000 copies/

mL, the intrarun variations were not significantly different
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between the two methods. Similarly, the interrun mean CV
values obtained from each of the five pools with the
QIAsymphony method were between 5.7% and 48.3%
and with the QIAamp method were between 9.2% and
43.0%. The interrun variation from the pools estimated as
having �10,000 copies/mL was also lower for the
QIAsymphony method than for the QIAamp method
(mean CV values of 6.8% and 15.2%, respectively; P �
0.01). For the pools estimated as having �1000 copies/
mL, the interrun variations were not significantly different
between the two methods.

Correlation between the Test Systems in Clinical
Specimens

Of the 68 pairs of clinical samples, 49 were positive for
EBV DNA with both extraction methods and 17 were
negative for EBV DNA with both extraction methods (%
agreement � 97.1%, r � 0.924, P � 0.001). In the re-
maining two pairs, one was EBV DNA-positive (321 cop-
ies/mL) with the QIAsymphony method and EBV DNA-
negative with the QIAamp method; the other was EBV
DNA-negative with the QIAsymphony method and EBV
DNA-positive (25 copies/mL) with the QIAamp method.

None of the extracts (0/68) prepared by the QIAsym-
phony method inhibited the amplification of the internal
DNA control target in the PCR inhibition assay. However,
one of the extracts (1/68) prepared by the QIAamp
method showed evidence of PCR inhibition, with a CT

difference value (ie, mean of sample CT values minus
mean of buffer control CT values) of 3.9 units. This extract

Figure 1. The proportion of positive EBV PCR reactions for blood samples
with various EBV DNA load values. Solid symbols, QIAsymphony-extracted
samples; open symbols, QIAamp-extracted samples. The proportion values
were obtained from extraction of six replicates and testing each in duplicate
PCR reactions (n � 12).
yielded an EBV DNA load value of 5 copies/mL; the
corresponding QIAsymphony extract yielded an EBV
DNA load value of 350 copies/mL. The difference in these
viral loads could be attributed either to partial inhibition of
the EBV PCR or to random variation, because the viral
loads are close to or below the 0.95 probability limits of
detection. Overall, the mean of the CT difference values
obtained with the QIAsymphony method was lower than
the mean obtained with the QIAamp method (0.0 and 0.2
units, respectively, P � 0.003). Furthermore, all of the
extracts prepared by the QIAsymphony method yielded
CT difference values of �0.3 units, whereas four of the
extracts prepared by the QIAamp method yielded CT

difference values of �0.5 units (P � 0.05). These findings
suggest that the QIAsymphony method may be slightly
better than the QIAamp method in providing inhibitor-free
extracts for assessment by PCR in some settings.

Of the 49 paired samples that were positive under both
systems, 48 yielded viral loads (measured by both sys-
tems) of �1000 copies/mL. The remaining pair corre-
sponds to the one with the inhibitory QIAamp extract and
relatively low EBV DNA load values (described above).
The logarithmic linear association between the two sys-
tems for the group of 48 sample pairs with values of
�1000 copies/mL was high (r2 � 0.957) (Figure 2). None-
theless, the regression line deviated from the line of per-
fect agreement to a small but definite extent. A Bland-
Altman representation (Figure 3) shows that the viral
loads determined with the QIAsymphony method were
almost always higher than those determined with the
QIAamp method, with a mean difference of 0.18 log cop-
ies/mL (P � 0.001) and a median difference of 0.20 log
copies/mL. All of the paired results differed in magnitude
by �0.7 log copies/mL. After adjusting the QIAsymphony
results by subtraction of 0.2 log copies/mL (ie, the me-
dian difference), the regression line from the paired re-

Figure 2. Logarithmic linear correlation between results obtained with
the QIAsymphony and the QIAamp extraction systems for 48 sample pairs
with viral loads of �1000 copies/mL. Solid circles show the paired results
obtained with the two extraction systems, the solid line shows the fit of

the linear regression, and the dashed line is the theoretical line of perfect
agreement.
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sults between the two systems was nearly the same as
the line of perfect agreement (data not shown).

To examine if the QIAsymphony and QIAamp ap-
proaches differ in terms of nucleic acid purity or yield, all
60 of the available lysate pairs from the group of 68
clinical whole blood specimens were analyzed spectro-
photometrically. The mean 260/280 nm absorbance ra-
tios (ie, purity measurement) for the QIAsymphony and
QIAamp methods were 1.95 (�0.16) and 1.91 (�0.13),
respectively (P � 0.1), and the mean DNA yield values
from the 200-�L aliquots of whole blood were 8.4 � 4.4
�g and 8.0 � 5.2 �g, respectively (P � 0.1). Thus, the
two systems did not differ in terms of nucleic acid purity
or yield.

Discussion

There is excellent concordance between the QIAsym-
phony and QIAamp extraction systems for use with real-
time PCR in measuring EBV DNA loads in whole blood
samples. In our testing, both extraction systems provided
lower limits of detection of approximately 300 to 600
copies/mL, consistent with results from a previous study
using QIAsymphony and a commercial real-time EBV
PCR assay.8 Although the reproducibility using QIAsym-
phony is somewhat higher than with QIAamp in samples
containing relatively high viral loads (eg, �10,000 copies/
mL), the differences are not dramatic (CV � 6.8% to
10.0% with QIAsymphony and CV � 15.2% to 18.6% with
QIAamp). The two systems also agree strongly in detect-
ing EBV DNA in clinical whole blood samples (97.1%
agreement in the present study), with differences occur-
ring only in samples having EBV DNA loads near the
detection limits. Furthermore, the two extractions systems

Figure 3. Comparison of the QIAsymphony and QIAamp extraction systems
shown as a Bland-Altman plot. Solid circles show the difference between the
two methods for whole blood samples with viral loads of �1000 copies/mL
(n � 48 pairs), and the short-dash line plots the mean difference value (y �
0.18 log copies/mL) between the two methods. The solid line is the theoret-
ical line of perfect agreement between the two methods (y � 0.0 log copies/
mL), and the long-dash lines show the mean difference � 2 SD. The line of
mean difference and the line of perfect agreement are separated to a small
but definite extent (0.18 log copies/mL).
correlate highly (r2 � 0.957) in measuring EBV DNA loads
in whole blood samples over a linear range of 3.0 to 6.5
log10 copies/mL (Figure 2).

Notably, the QIAsymphony system yielded slightly
higher EBV DNA load values (higher on average by 0.2
log10 copies/mL) from whole blood samples than did the
QIAamp method (Figure 3). The finding of slightly higher
CT difference values in the PCR inhibition assay from
specimens extracted by the QIAamp method than by the
QIAsymphony method (means of 0.2 and 0.0 units, re-
spectively) is consistent with a slight degree of PCR in-
hibition from the QIAamp-prepared extracts, which may
explain the small differences in viral loads observed be-
tween the two systems. This view is supported also by the
similar DNA purity and yield values determined for the
two systems.

Ideally, diagnostic laboratories adopting an automated
extraction system should have an identical backup sys-
tem available to maintain services when an automated
instrument is out of service. Because the QIAsymphony
system is expensive, this approach may not always be
feasible. In addition to the finding that EBV DNA load
measurements in whole blood specimens were on aver-
age 0.2 log copies/mL higher with the automated
QIAsymphony system than with the manual QIAamp sys-
tem, a nearly identical difference was found between the
two extraction systems in measuring cytomegalovirus
DNA loads in whole blood specimens (data not shown).
Based on these findings, our clinical laboratory has ad-
opted the use of the QIAsymphony automated system
with the adjustment factor as its primary extraction
method and the QIAamp manual extraction system with-
out adjustment as its backup system for both cytomega-
lovirus and EBV DNA load measurements. In another
study, viral loads measured in whole blood using the
QIAsymphony extraction system and the commercial Ar-
tus EBV PCR assay were more than 10-fold higher than
values determined with the easy-Mag extraction system
and the commercial EBV R-gene assay.8 Because many
variables can affect EBV DNA load determinations, and
because interlaboratory agreement is poor,17,18 each
laboratory should evaluate the comparability of its pri-
mary and backup extraction systems.

With the implementation of the automated QIAsym-
phony extraction system, our clinical laboratory has real-
ized marked improvements in operations. Except for a
few minor preprocessing steps (ie, transfer of an internal
control reagent, vortex mixing of a magnetic bead re-
agent, and vortex mixing of specimens and controls), no
other manual pipetting and vortex mixing actions are
involved with the QIAsymphony system for run sizes of 1
to 96 samples. Using the QIAamp system, our laboratory
had typically extracted 30 samples simultaneously. This
effort involves a total of 240 pipetting actions and 60
vortex mixing actions. The elimination of these manual
actions with the use of the QIAsymphony system should
greatly reduce the risk of repetitive motion injury, operator
fatigue, and technical errors. In addition, the total time
required to extract a run of 24 samples (including the time
for daily instrument maintenance) is higher with the
QIAsymphony system than with the QIAamp system (126

minutes versus 87 minutes, respectively, according to
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our observations). The influence of this difference is more
than offset by a 78-minute segment of operator-free time
available during the QIAsymphony run, compared with
essentially no available operator-free time during the
QIAamp run.

Although the present study involved extraction of sam-
ples that had been pretransferred into cryotubes, we
have observed that the QIAsymphony system performs
equally well with primary blood collection tubes. Although
the instrument does not have a mechanism to cool the
primary tubes, a carrier rack containing a full load of 24
samples can be removed from the instrument within 30
minutes of loading and the tubes can then be returned to
a refrigerator for longer-term storage. We have found that
EBV DNA loads are stable in whole blood stored for at
least several hours at room temperature followed by stor-
age in a refrigerator for at least several days. Conse-
quently, our clinical laboratory has discontinued the la-
borious practice of aliquoting and freezing blood
specimens on receipt.

In conclusion, the QIAsymphony and QIAamp extrac-
tion systems can provide similar EBV DNA load measure-
ments in whole blood samples. Conversion from the
QIAamp system to the QIAsymphony system can dramat-
ically reduce the number of manual actions, thus reduc-
ing the risk of repetitive motion injury for workers and
markedly increasing the amount of operator-free time
available for other activities.
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