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The objectives of this study were to evaluate the performance of the NucliSens easyMAG platform for nucleic
acid extraction from different clinical specimens compared to NucliSens miniMAG platform and manual
QIAGEN extraction. The NucliSens easyMAG and the NucliSens miniMAG showed equal performance on 215
throat swabs since real-time nucleic acid sequence-based amplification scored the same samples positive for
Mycoplasma pneumoniae (n � 9) and Chlamydia pneumoniae (n � 5) RNAs, although internal control RNA was
slightly better detected with the NucliSens easyMAG (99.3% versus 96.8%). NucliSens easyMAG extracted
nucleic acids more efficiently (higher recovery and/or fewer inhibitors) compared to QIAGEN extraction by
showing, on average, lower Ct values in real-time LightCycler PCR, although 4 individual specimen out of 45
were found positive only with QIAGEN. For nine M. pneumoniae-positive throat swabs, the mean difference in
Ct values between NucliSens easyMAG extraction and QIAGEN extraction was �2.26 (range, �5.77 to �0.60);
for the detection of five C. pneumoniae-positive throat swabs, the average difference in Ct values between the two
methods was �3.38 (range, �6.62 to �2.02); and for the detection of cytomegalovirus in 24 blood samples, the
mean difference in Ct values between the two methods was �0.95 (range, �5.51 to �1.68). The NucliSens
easyMAG is considerably easier to perform, efficiently extracts nucleic acids from throat swabs and whole
blood, is automated, and has high throughput.

Numerous nucleic acid amplification tests are performed
daily in an increasing number of clinical laboratories because
of their high sensitivities and specificities. Further develop-
ments in the field have decreased the turnaround time and
hands-on time. Nucleic acid extraction systems with high flex-
ibilities in the type and number of samples to be handled and
with a wide range of sample and elution volumes and short
turnaround times provide a further advantage to adapt ampli-
fication techniques to clinical diagnostic requirements.

A high-quality nucleic acid extract is expected to be free
of amplification inhibitors and other substances that might
affect enzyme substrates, and the target should be optimally
recovered.

The NucliSens easyMAG platform (bioMérieux, Boxtel, The
Netherlands) is a second-generation system for automated iso-
lation of nucleic acids from clinical samples based upon silica
extraction technology (3). It is a benchtop instrument with the
same reagents as the manual version, i.e., NucliSens miniMAG
platform (bioMérieux) (4, 14, 17, 19). Manual steps are limited
to the loading of samples, reagents, and disposables. One to 24
samples can be analyzed in one run. The extraction method is
universal and can be applied to a broad range of different
specimens such as blood, sputum, serum, and throat swabs.
The instrument can be used in combination with different
amplification methods such as nucleic acid sequence-based
amplification (NASBA) or PCR. Limited data are available on
the NucliSens easyMAG extraction procedure (19).

The objectives of this study were to evaluate the perfor-

mance and user convenience of the NucliSens easyMAG plat-
form for the extraction of nucleic acid from different clinical
specimens in comparison to those of QIAGEN extraction and
NucliSens miniMAG extraction.

MATERIALS AND METHODS

Patients and specimens. A total of 215 dry throat swabs from 215 patients with
X-ray-proven community-acquired pneumonia were investigated. All patients
were prospectively included in a hospital-based study across Europe starting in
October 2002 and lasting until May 2003. All specimens were stored locally at
�20°C and regularly shipped on dry ice to the central laboratory in Antwerp,
Belgium. Upon arrival in the laboratory, specimens were suspended in 1 ml of
sterile saline, aliquoted in portions of 100 �l, and stored at �70°C until they were
processed batchwise. For extraction by the NucliSens miniMAG platform, 900 �l
of lysis buffer (bioMérieux) was added to the protease-treated aliquots of 100 �l
(11). The samples were mixed vigorously for rapid lysis and stored at �70°C.
Aliquots used for NucliSens EasyMAG extraction were stored at �70°C for 1
year.

From 24 cytomegalovirus (CMV) DNA-positive EDTA blood specimens from
transplant patients, nucleic acids were isolated after storage for up to 3 months
at �20°C without the addition of lysis buffer, except for 6 EDTA blood samples
which were analyzed as fresh specimens.

Nucleic acid extraction. Mycoplasma pneumoniae and Chlamydia pneumoniae
DNAs were extracted from 215 throat swabs with the QiaAmp blood mini kit
(QIAGEN, Hilden, Germany) according to the instructions of the manufacturer.
Elution was done in 100 �l of elution buffer. From a second aliquot of the 215
specimens, M. pneumoniae and C. pneumoniae RNAs were extracted by the
NucliSens miniMAG platform with the NucliSens magnetic extraction reagents
(bioMérieux, Boxtel, The Netherlands) according to the instructions of the
manufacturer. Elution of these nucleic acid extracts was done in 20 �l. The third
aliquot was subjected to the NucliSens easyMAG platform for total nucleic acid
extraction (bioMérieux) by the off-board protocol according to the instructions of
the manufacturer. Nucleic acids were eluted in 20 �l of elution buffer.

CMV DNA was extracted from 200 �l of EDTA blood with the QiaAmp blood
mini kit (QIAGEN) according to the instructions of the manufacturer. Nucleic
acids were eluted in 75 �l of elution buffer. A similar sample volume was
retrospectively used for NucliSens easyMAG extraction by the off-board proto-
col. Nucleic acids from the EDTA blood were eluted in 60 �l. This volume was
chosen since it was not possible to elute in 75 �l with the easyMAG.

* Corresponding author. Mailing address: Department of Medical
Microbiology, University of Antwerp, Universiteitsplein 1 S009a,
B-2610 Wilrijk, Belgium. Phone: 32-3-820-27-51. Fax: 32-3-820-26-63.
E-mail: Katherine.loens@ua.ac.be.

� Published ahead of print on 13 December 2006.

421



In this study, the QIAGEN nucleic acid extraction system and the NucliSens
miniMAG platform were used as reference methods for extraction of DNA and
RNA, respectively.

Nucleic acid amplification assays. Nucleic acid extracts from the 215 throat
swabs obtained with the NucliSens miniMAG and NucliSens easyMAG were
investigated by real-time NASBA with the NucliSens EasyQ M. pneumoniae
assay and the NucliSens EasyQ C. pneumoniae assay (bioMérieux) according to
the instructions of the manufacturer. Both assays contain internal control RNA.

The amplification process was run in a fluorescence reader, the NucliSens
EasyQ Analyzer (bioMérieux). The results obtained with the NucliSens Easy Q
assay were calculated with the NucliSens EasyQ software and were classified as
positive, negative, or invalid if the internal control was not detected or the signal
was too weak. In negative control reaction mixtures, the target nucleic acid was
replaced with RNase- and DNase-free water.

M. pneumoniae (22) and C. pneumoniae real-time PCRs (6) were done as
described previously. For the detection of CMV, real-time PCR with the Light-
Cycler was performed according to Stöcher (18).

Reproducibility of QIAGEN and NucliSens easyMAG extraction. The intrarun
variations in extraction by both QIAGEN and NucliSens easyMAG were esti-
mated by extracting five aliquots of the same CMV-positive EDTA blood sample
within the same run by each method.

RESULTS

Throat swabs. The real-time PCR detected M. pneumoniae
and C. pneumoniae in 10 and 5 throat swabs after QIAGEN
extraction and in 9 and 5 swabs after easyMAG extraction,
respectively. For the detection of the nine M. pneumoniae-
positive specimens, the differences between the mean Light-
Cycler Ct values obtained after NucliSens easyMAG extraction
and QIAGEN extraction were, respectively, �3.88, 0.6, �5.77,
�2.83, �1.2, �0.46, �2.47, 1.9, and �2.49 (Table 1). For the
detection of five C. pneumoniae-positive specimens, the Light-
Cycler Ct values obtained for the NucliSens easyMAG were,
respectively, �2.78, �2.32, �3.14, �2.02, and �6.62 compared
to the results obtained after QIAGEN extraction.

Real-time NASBA detected M. pneumoniae and C. pneu-
moniae in nine and five throat swabs after extraction by both
NucliSens miniMAG and NucliSens easyMAG (Table 1). The

number of invalid results in negative specimens obtained after
real-time NASBA decreased from 14 (3.2%) to 3 (0.7%) with
the NucliSens miniMAG and NucliSens easyMAG, respec-
tively. The internal control RNA was detected slightly better
with the NucliSens easyMAG compared to the NucliSens
miniMAG (99.3 versus 96.8%, respectively).

Statistical analysis. For the throat swabs (raw data, being
either positive or negative), there was one specimen which was
found positive only after QIAGEN extraction and real-time
PCR amplification and detection. This is not statistically sig-
nificant. In addition, looking in more detail at the data (Ct
values) showed improvements in Ct values after NucliSens
easyMAG extraction.

EDTA blood. Real-time PCR detected CMV DNA in nu-
cleic acids extracts from EDTA blood from 24 patients. All six
fresh blood sample extracts were found to be positive after
both QIAGEN and NucliSens easyMAG nucleic acid extrac-
tion. The differences between the mean LightCycler Ct values
obtained after NucliSens easyMAG extraction and QIAGEN
extraction were �5.5, �1.82, �1.17, �0.67, �0.39, and �1.3.
For the other 18 samples stored for up to 3 months at �20°C
before extraction by the NucliSens easyMAG, 15 nucleic acid
extracts were found to be positive after easyMAG extraction.
Two out of these three patients scored negative in combination
with NucliSens easyMAG extraction were known CMV-posi-
tive transplant patients, and re-extraction with QIAGEN and
reamplification confirmed the results. In contrast, the third
patient (Table 2, patient 2) had never been found to be CMV

TABLE 1. Overview of M. pneumoniae- and C. pneumoniae-positive
throat swabs

Organism and
patient no.

LightCycler Ct value
after:

Result reported by
NucliSens easyQ

software (NASBA)

QIAGEN
extraction

easyMAG
extraction

miniMAG
extraction

easyMAG
extraction

M. pneumoniae
1 33.06 29.18 Positive Positive
2 25.85 26.45 Positive Positive
3 36.87 31.10 Positive Positive
4 31.16 28.33 Positive Positive
5 29.20 28.00 Positive Positive
6 33.96 33.50 Positive Positive
7 36.88 Negative Negative
8 29.34 26.87 Positive Positive
9 31.72 29.82 Positive Positive
10 33.25 30.76 Positive Positive

C. pneumoniae
11 31.37 28.59 Positive Positive
12 33.30 30.98 Positive Positive
13 34.65 31.51 Positive Positive
14 36.35 34.33 Positive Positive
15 35.72 29.10 Positive Positive

TABLE 2. Overview of CMV-positive EDTA blood samplesa

Patient no.

LightCycler Ct value after:

QIAGEN
extraction

EasyMAG
extraction

1 27.02 26.22
2b 37.93
3 34.84 31.87
4 38.09 36.81
5 36.86 34.91
6 35.11 36.79
7 28.09 26.00
8 33.79 32.76
9c 38.13
10 35.55 34.62
11 36.46 35.07
12c 37.71
13 30.05 29.82
14 36.11 36.35
15 37.11 38.25
16 34.91 35.70
17 35.13 31.90
18 35.47 35.93
19 38.00 36.83
20 42.76 37.25
21 34.35 33.96
22 33.07 31.25
23 35.92 35.25
24 36.85 38.15

a Nucleic acids were extracted from samples 1 to 20 by the easyMAG after
storage for up to 3 months at �20°C. Samples 19 to 24 were freshly collected
EDTA blood samples.

b Result negative after re-extraction and reamplification; this patient was never
found to be CMV positive before.

c Transplant patient known to be CMV positive.
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positive before and re-extraction with QIAGEN and reampli-
fication did not confirm the positive result. An overview of
these results is presented in Table 2.

Statistical analysis. For detection of CMV in blood, raw
data (positive/negative) yielded two samples which were found
positive after QIAGEN extraction. The Ct values were sugges-
tive of small DNA amounts. This is not statistically significant.
But again, looking closer revealed that the DNA was extracted
more efficiently in 15/23 blood samples.

Reproducibility of QIAGEN and NucliSens easyMAG ex-
traction. The QIAGEN intrarun coefficient of variation and
standard deviation are 3.540 and 1.212, respectively. For the
NucliSens easyMAG extraction, an intrarun coefficient of vari-
ation and standard deviation of 1.239 and 0.440, respectively,
were obtained.

User convenience of the NucliSens easyMAG. The NucliSens
easyMAG represents a universal highly flexible extraction in-
strument with which (i) different sample input and elution
volumes within the same run are possible, (ii) 1 to 24 samples
can be treated in one run, and (iii) DNA and RNA extraction
can be performed within the same run. Furthermore, the
same NucliSens easyMAG nucleic acid extract can be used
for both RNA and DNA amplification. The turnaround time
for DNA or RNA extraction with the NucliSens easyMAG
was reduced to 40 min for 24 samples by the off-board
protocol, including about 10 min of hands-on time, whereas
nucleic acid extraction of 12 samples by QIAGEN takes 50
min starting from the addition of the lysis buffer. The con-
sumable and disposable costs for QIAGEN DNA extraction,
QIAGEN RNA extraction, and NucliSens easyMAG DNA or
RNA extraction were $4.10, $5.00, and $7.90, respectively.

DISCUSSION

Conventional manual nucleic acid extraction for the isola-
tion of DNA or RNA from clinical samples is the most labor-
intensive and critical part of current nucleic acid amplification
assays for pathogen detection. Evaluations and comparisons of
different extraction methods have been performed with a va-
riety of specimen types, target organisms, and assays (8, 9, 16,
24). These comparisons are important for determining the
effectiveness of nucleic acid extraction and removal of enzy-
matic inhibitors, since these have a direct influence on the
result of the amplification assay. The use of automated nucleic
acid extraction methods has been previously shown to be an
acceptable and possibly superior replacement for the use of
manual methods because of the reduction in technician time
(1, 8, 10, 13, 24, 25).

The purpose of this study was to evaluate the performance
and user convenience of the NucliSens easyMAG platform for
the isolation of RNA and/or DNA from throat swabs and
EDTA blood and from various organisms. In this study, the
QIAGEN nucleic acid extraction system and the NucliSens
miniMAG platform were used as reference methods for DNA
and RNA extraction, respectively.

Real-time PCR detected M. pneumoniae and C. pneumoniae
in 10 and 5 throat swabs after QIAGEN extraction and in 9 and
5 swabs after NucliSens easyMAG extraction. For the detec-
tion of the positive specimens, the difference between the
LightCycler Ct values obtained after NucliSens easyMAG ex-

traction and QIAGEN extraction varied between �6.62 and
0.6, resulting from a higher DNA yield or from fewer inhibitors
being present in the nucleic acid extract. In most cases, better
results were obtained after easyMAG extraction, even when
the specimen was stored for more than 1 year at �70°C in the
absence of a stabilizing lysis buffer, meaning that DNA degra-
dation did not occur frequently. It could also not be related to
inter- or intrarun variations since, e.g., the mean crossing point
for M. pneumoniae real-time PCRs for amplification of the
lowest dilution was 26.64 with a standard deviation of 0.056
while the mean crossing point for amplification of the highest
dilution was 33.48 with a standard deviation of 0.315. For
calculation of interassay variation, the mean crossing point was
33.81 with a standard deviation of 0.457. Similar inter- and
intrarun variations were obtained for C. pneumoniae real-time
PCR. One specimen was repeatedly M. pneumoniae posi-
tive after QIAGEN extraction but negative after NucliSens
easyMAG extraction. The LightCycler Ct value suggests that
the sample contained very small amounts of DNA, which could
have been degraded after 1 year of storage at �70°C in the
absence of a nucleic acid stabilizing buffer.

Lower LightCycler Ct values were obtained in 14/21 (66%)
of the NucliSens easyMAG nucleic acid extracts from the
EDTA CMV-positive blood samples, again suggesting that a
higher DNA yield or a cleaner nucleic acid extract could be
obtained after NucliSens easyMAG extraction. Three discor-
dant results were obtained (patients 2, 9, and 12), all in cases
where the LightCycler Ct values indicated that small amounts
of CMV DNA were present in the sample. Two of these trans-
plant patients were known to be CMV positive; one patient
had never been found to be CMV positive before. After re-
extraction in duplicate with QIAGEN and reamplification,
negative results were obtained for the latter. The positive re-
sult was probably due to carryover contamination. The EDTA
specimens from the other two patients were selected on the
basis of PCR positivity for CMV and retrospectively analyzed
by the NucliSens easyMAG. The negative results might be due
to DNA degradation.

Other data from the literature indicate also that the sensi-
tivity of a nucleic acid amplification assay after nucleic acid
extraction with an automated system is similar to or better than
the sensitivity obtained after manual nucleic acid extraction.
When Wilson et al. (24) compared five commercially available
methods for extraction of Legionella pneumophila from respi-
ratory specimens, higher concentrations of L. pneumophila
DNA were recovered from sputum with the MagNa Pure LC
(Roche Diagnostics) and the NucliSens extractor (bioMérieux)
than by the manual methods, i.e., the High Pure PCR Tem-
plate Preparation kit (Roche Diagnostics), the QiaAmp DNA
Mini kit (QIAGEN), and the ViralXpress kit (Chemicon).
Exner and Lewinski compared the MagNa Pure system with
the QiaAmp DNA blood mini kit and with phenol-chloroform
extraction for the detection of Borrelia burgdorferi DNA from
various types of specimens (5). Comparable sensitivities for all
of the methodologies were obtained with all specimen types
except urine, in which case QiaAmp extraction was two times
less sensitive. On the other hand, Schuurman et al. (15) men-
tioned that MagNa Pure extraction of spiked CMV in whole
blood showed a 5- to 10-fold reduction in PCR sensitivity
compared to the manual nucleic acid extraction according to
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Boom et al. (3). On the basis of our present knowledge, it
would be of interest to compare the NucliSens easyMAG plat-
form with other automated nucleic acid extractors.

NucliSens easyMAG extraction is an improvement over
NucliSens miniMAG extraction in terms of user friendliness,
whereas both methods are comparable in extraction efficiency
in terms of RNA recovery.

Similar findings were reported by Tang et al. (19), who
validated the NucliSens easyMAG by using 75 urine speci-
mens for detection of the polyomavirus BK virus. Its sensi-
tivity for detection of the BK virus was identical to that of
the miniMAG, the MagNa Pure compact system, and the
BioRobot EZ1. Its reproducibility was similar to that of the
NucliSens miniMAG, and the human �-actin gene was de-
tected in 71 (94.7%) of the urine specimens.

The type of nucleic acid amplification test inhibitors present
and the composition of the clinical specimen vary depending
on the type of infecting organism and the site from which the
clinical specimen was obtained. Since throat swabs represent
the majority of respiratory specimens for detection of M. pneu-
moniae and C. pneumoniae in our laboratory and whole blood
is used for CMV detection by nucleic acid amplification tests,
the efficiency of nucleic acid extraction for M. pneumoniae, C.
pneumoniae, and CMV in throat swabs and whole blood, re-
spectively, was studied.

In the literature, inhibition of amplification in respiratory
specimens varies between 0 and 25%, depending on the type of
specimens used (2, 7, 20, 21, 23). The use of a sample integrity
control such as U1A (12) or an internal control added to each
sample could exclude false-negative results due to inhibitors
present in respiratory specimens. The internal control included
in the NucliSens EasyQ M. pneumoniae assay and the NucliSens
EasyQ C. pneumoniae assay provides information about the
performance of the extraction, amplification, and detection
procedures and the quality of the reagents in each particular
run. Without the internal control, 3.2 and 0.7% would have
been reported negative by the NucliSens miniMAG and
easyMAG, respectively. No invalid results were obtained after
real-time PCR applied on the NucliSens easyMAG nucleic
acid extract.

A major concern in the use of automated nucleic acid ex-
traction is the risk of cross contamination of negative speci-
mens by strongly positive specimens as a consequence of aero-
sols, leaking pipettes, or faulty robotics. No false-positive
results were obtained after NucliSens easyMAG extraction,
whereas one false-positive CMV result was suspected after
QIAGEN extraction. These samples are a known risk in our
laboratory for cross contamination during the numerous pipet-
ting and centrifugation steps inherent in the manual extraction
procedure. Manual extraction therefore requires more rigor-
ous handling and expertise from the analyst. However, no
carryover study was performed.

In this study, the NucliSens easyMAG extracted DNA and
RNA more efficiently from clinical samples (higher recovery
and/or fewer inhibitors) than did QIAGEN extraction by
showing, on average, lower Ct values in the LightCycler
real-time PCR assay. The instrument features user-friendly
intuitive software; allows nucleic acid extraction from dif-
ferent types of specimens with different input and elution
volumes, as well as DNA and RNA targets, in a single

extraction run; and delivers high throughput capabilities
with a 40-min turnaround time. The ability to extract the
majority of samples automatically with such a generic ex-
traction protocol can lead to a large reduction in the total
turnaround time, especially since laboratories often use dif-
ferent manual sample preparation protocols and kits for
DNA and RNA targets.
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