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The NucliSENS easyMAG automated system was compared to the column-based Qiagen method for Epstein-
Barr virus (EBV) or cytomegalovirus (CMV) DNA extraction from whole blood before viral load determination
using the corresponding R-gene amplification kits. Both extraction techniques exhibited a total agreement of
81.3% for EBV and 87.2% for CMV.

Epstein-Barr virus (EBV) and cytomegalovirus (CMV) in-
fections represent a significant clinical threat for immunocom-
promised patients. The frequent determination of EBV and
CMV viral load permits the early diagnosis of infection, start of
preemptive or curative therapy, and monitoring of treatment
efficiency (5, 17, 20). By comparison to serum, plasma, or
white-blood-cell fractions, whole-blood samples are now rec-
ognized as the most suitable sample for the determination of
viral loads for EBV and CMV (3, 4, 7, 9, 10, 12, 13, 18, 19).

Although the methods relying on silica columns are time-
consuming and need trained experimenters, these methods are
considered the gold standard for the extraction of nucleic acids
from whole-blood samples. Due to the large amount of genetic
material in such samples, new extraction methods must be
carefully evaluated, including those relying on automated de-
vices (1, 7, 10, 14, 15). The fully automated NucliSENS
easyMAG instrument (bioMérieux) using magnetic silica par-
ticles (2) allows the simultaneous process of up to 24 extrac-
tions. The use of magnetic particles eliminates the several
centrifugation steps that could be a source of cross-contami-
nation, and manual steps are limited to the loading of samples,
reagents, and disposables. The performance of this method in
the extraction of DNA from whole-blood samples prior to viral
quantification has not been yet evaluated. The present study
was undertaken to answer this question in the clinical context
of EBV or CMV infection.

The whole-blood specimens selected for this study included
80 samples for EBV analysis and 94 samples for CMV analysis,
taken from patients hospitalized at the University Hospital of
Saint-Etienne, Saint-Etienne, France, from December 2007 to
September 2008. The samples were kept frozen at �20°C.
After the samples were thawed, whole-blood aliquots were
tested and kept at 4°C for up to 24 h for potential retest. Two
hundred microliters of each selected sample was extracted by
two different technicians either by the reference manual

method, i.e., QIAamp column DNA blood extraction kit ac-
cording to the manufacturer’s recommendations (Qiagen), or
by the new specific B protocol on the NucliSENS easyMAG
instrument. The latter protocol consists of the treatment of 200
�l of whole blood in 2 ml of lysis buffer and the capture of
nucleic acids by 140 �l of magnetic silica. After incubation and
washing procedures, nucleic acids were recovered in 50 �l of
elution buffer. EBV and CMV loads were quantified by using
the respective R-gene amplification kit (Argene Biosoft) ac-
cording to the manufacturer’s recommendations. Both ampli-
fication kits have been previously validated for quantification
of EBV and CMV load in whole blood (8, 11). DNA extracts
from both methods were amplified in the same run using an
ABI 7500 instrument (Applied Biosystems).

Qualitative analysis. As shown in Table 1, the overall agree-
ment between the two extraction techniques was 81.3% (72.7
to 89.8%) for EBV and 87.2% (80.5 to 94.0%) for CMV. All
the discrepant results corresponded to low DNA loads: be-
tween 20 and 459 copies/ml for the 15 samples not detected
after Qiagen extraction for EBV and less than 1,000 copies/ml
for the 12 samples found discordant for CMV results.

Quantitative analysis. The results of the samples found pos-
itive after extraction by both methods were retained for quan-
titative analysis (Fig. 1). The correlation coefficients between
the viral loads were 0.88 for EBV (P � 0.001) and 0.72 for
CMV (P � 0.001). The mean between the difference in viral
loads was 0.166 log10 copies/ml to the benefit of the automated
extraction method for EBV (P � 0.001) and �0.014 log10

copies/ml for CMV (not statistically significant). All the results
were included in the interval between the mean � 2 standard
deviations, except for two and three samples for EBV and
CMV, respectively. Both methods gave equivalent levels of
quantification (difference of less than 0.5 log copies/ml) in 43
out of 52 samples (82.7%) for EBV and in 50 out of 60 samples
(83.3%) for CMV. Seven of the nine samples with discrepan-
cies of at least 0.5 log copies/ml for EBV load exhibited a
higher quantification after easyMAG extraction, whereas the
results of the 10 samples with discrepancies of at least 0.5 log
copies/ml for CMV load were equally distributed in both di-
rections.

QCMD panel analysis. Eight samples of the 2006 Quality
Control for Molecular Diagnostics (QCMD, Scotland, United
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Kingdom) CMV Proficiency Program were also tested. The
results depicted in Fig. 2 show that the range of quantification
was proportional by both techniques but that, for the four
specimens tested in duplicate, the viral load was consistently
higher by the automated method. The theoretical load of each
sample (illustrated by the horizontal bars in Fig. 2) was close to

the results of the Qiagen extraction, which is not surprising,
since this technique or a related one was probably used for the
extraction step of the experiment performed to define the
reference values. Despite the small number of specimens and

FIG. 2. Quantification results (log10) obtained after an extraction
step using either the NucliSENS easyMAG automated method or
Qiagen columns for eight lyophilized samples from QCMD containing
200 to 25,000 copies/ml (two samples in duplicate for each of the four
tested combinations). Viral loads after Qiagen and NucliSENS
easyMAG extraction are indicated by circles and triangles, respec-
tively. The horizontal bars show the theoretical viral loads given by the
manufacturer of the proficiency panel.

TABLE 1. Qualitative analysis of EBV and CMV DNA detection
after extraction using columns (Qiagen) or automated method

(NucliSENS easyMAG)

Virus (no. of samples)

Amplification result
after DNA

extraction by the
NucliSENS

easyMAG method

No. of specimens
showing the indicated

resulta for DNA
extraction by

Qiagen method:

Positive Negative

EBV (n � 80) Positive 52 15
Negative 0 13

CMV (n � 94) Positive 60 8
Negative 4 22

a Results are expressed as number of specimens exhibiting the corresponding
pattern (e.g., positive by the NucliSENS easyMAG method and positive by the
Qiagen method).

FIG. 1. Quantitative analysis of EBV (A) and CMV (B) detection after extraction using Qiagen columns or NucliSENS easyMAG automated
method. (Left) Regression curves; (right) Bland-Altman plots (log10cp/ml, log10 copies/ml). Each point represents the difference observed
between the results of the two methods against their mean. The standard deviations (SD) are 0.324 for EBV and 0.427 for CMV.
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the limitation that the medium in which the different concen-
trations of CMV DNA were diluted was not whole blood, these
results suggest a better ability of the automated extraction
method to recover viral DNA.

Detection of PCR inhibitors and gain in operational steps.
Among all of the whole-blood specimens analyzed (n � 174),
an invalid result was found for two samples after DNA extrac-
tion by the NucliSENS easyMAG method and in two other
samples by the Qiagen method; reextraction was successful for
all of these samples. Evaluation of user convenience of both
extraction methods showed that the turnaround time necessary
to treat 24 samples was approximately 60 min by using the
off-board protocol for the NucliSENS easyMAG instrument,
including 30 min of hands-on time, whereas the extraction of
24 samples by the Qiagen technique was completed in 90 min
of technician time starting from the addition of the lysis buffer.

Different automated extraction methods have been previ-
ously evaluated for EBV or CMV DNA extraction from whole
blood (1, 3, 7, 9, 10, 13–16). To our knowledge, the present
study is the first one that evaluated the performance of the
NucliSENS easyMAG platform for determination of CMV and
EBV loads from whole blood. Of note, the specific A protocol
recommended by the manufacturer of the automated method
for other clinical samples is not accurate for DNA-rich speci-
mens such as whole blood (data not shown); the volume of
silica particles and that of the lysis buffer were increased (spe-
cific B protocol) in order to recover the large amount of nu-
cleic acids present in whole-blood specimens. This new proto-
col was shown to be at least as efficient as the manual Qiagen
method to extract EBV and CMV DNA from whole-blood
samples (Table 1 and Fig. 1), with a slightly better sensitivity of
the automated extraction technique for EBV DNA, as has
been previously reported for different clinical samples (6). The
results of analysis of the specimens from the CMV QCMD
panel also suggests a higher extraction rate obtained by the
automated technique (Fig. 2).

In addition to a higher sensitivity, notably with regard to low
values, the advantages of this automated extraction technique
include (i) a significant reduction of technical time, (ii) an
absence of the risk of cross-contamination due to centrifuga-
tion steps, and (iii) an improvement in standardization, trace-
ability, and quality control assessment.
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