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The increasing use of molecular methods strongly motivates clinical laboratories to introduce automated
nucleic acid extractors. We compared the easyMAG (bioMérieux) with a manual extraction method for
hepatitis C virus (HCV) load quantification (RealTime HCV; Abbott). Both methods were comparable, and,
therefore, the easyMAG is suitable to be implemented in our laboratory for the management of HCV-infected
patients.

Hepatitis C virus (HCV) infects about 180 million people
worldwide (11) and is the leading cause of chronic liver dis-
ease. Apart from diagnosis of infection (5), HCV load testing
is routinely performed for baseline evaluation, treatment fol-
low-up, and outcome assessment (2, 3, 6, 9, 12). Since molec-
ular assays are also used for many other infectious diseases,
many laboratories are moving to automated nucleic acid ex-
traction. However, each assay manufacturer recommends us-
ing a certain extractor. Due to space limitations, ideally a single
extractor should provide nucleic acids for any molecular appli-
cation, regardless of the microorganism of interest and the
specimen type.

Our laboratory uses a CE-marked real-time PCR assay
(RealTime HCV; Abbott Molecular, Inc., Des Plaines, IL) that
was originally evaluated with a magnetically based manual
extraction procedure and, more recently, with different extrac-
tors, including Abbott m1000 and m2000sp, Tecan Freedom
EVO Clinical, and Qiagen BioRobot EZ1 (7, 8, 10), but not
easyMAG (bioMérieux, Boxtel, The Netherlands) (4). We
have been using this instrument with success for other micro-
organisms and different clinical specimens. Since we wanted to
change from manual to automated extraction without intro-
ducing other extractors, the aim of our study was to evaluate
the easyMAG for the quantification of HCV load using the
RealTime HCV assay in comparison with manual extraction.

The correlation between manual and automated extraction
was compared in four runs, each including nine different sera
from HCV-infected patients and three controls (negative, low
positive, and high positive) for a total of 36 determinations.
Sera were retrospectively selected spanning a wide HCV RNA
virus load range, from �30 IU/ml—the lower quantification
limit—up to 50,000,000 IU/ml, and negative specimens. The
Clinical Research Ethics Committee at our institution ap-

proved this study. Several analytical parameters were assessed
for the real-time PCR assay in combination with the extractor.
(i) The first was lower detection limit. Twenty replicates of 25-,
12.5-, and 6.25-IU/ml dilutions obtained from the HCV RNA
high-positive control (2 � 106 IU/ml; AcroMetrix Corporation,
Benicia, CA) in negative plasma were tested per run. (ii) The
second was linearity. Five replicates of five 10-fold dilutions
(102 to 106 IU/ml) from the same standard were tested in one
run. (iii) The third was intra-assay reproducibility. Five repli-
cates of calibrators A and B (1,000 and 1.07 � 107 IU/ml,
respectively; Abbott Molecular) and a dilution of the high-
positive control (50,000 IU/ml) were tested. (iv) The fourth
was interassay reproducibility. Five additional replicates of the
same three dilutions were tested in another two runs per-
formed on different days, adding up to a total of three runs.
Negative, low-positive, and high-positive controls were in-
cluded in each run.

Manual RNA extraction was performed as recommended by
the manufacturer (Abbott RealTime HCV, Ref. 4J86; Abbott
Molecular, Inc., Des Plaines, IL) from 200 �l of serum and
elution in 88 �l. The internal control provided (unrelated ar-
mored RNA) was added to the lysis buffer at a proportion of 17
�l per sample. EasyMAG reagents are based on Boom’s
method for total nucleic acid extraction (1). Extraction was
performed as recommended by the manufacturer (NucliSENS
easyMAG user manual, v 1.1; BioMérieux, Boxtel, The Neth-
erlands). A 250-�l sample volume and 110-�l elution volume
were used to maintain the same sample/elution volume ratio as
well as the proportion of internal control per sample. (A total
of 235.7 �l of internal control was added to 314.3 �l of elution
buffer and 550 �l of silica, and 100 �l of this premix was used
per sample.)

Virus load quantification was performed using the RealTime
HCV assay according to the manufacturer’s instructions with
the Abbott m2000rt instrument (Abbott RealTime HCV, Ref.
4J86). Separate calibration curves were obtained for manual
and automated extraction methods with triplicate calibrators A
and B.

Correlation between extraction methods was assessed through
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Deming regression and Bland-Altman plots with MedCalc
software v9.6.2.0 (Mariakerke, Belgium). All other analyses
were performed with SPSS v14.0 (SPSS, Inc., Chicago, IL),
with a significance level of 0.05. Probit analysis was used to
determine the lower limit of detection. Linearity was assessed
through linear regression between expected and observed val-
ues and the Pearson correlation coefficient (r).

For the correlation study, a total of 48 sera from HCV-
infected patients and controls were extracted in parallel by
both manual and automated methods. Three clinical speci-
mens were negative by both methods, as were the four negative
controls, which confirmed the absence of carryover contami-
nation. Another three specimens were positive at �30 IU/ml
by manual extraction; one of them was also positive at �30
IU/ml, and the other two had virus loads of 55 and 58 IU/ml by
automatic extraction. The real-time PCR was inhibited in two
specimens: one of them after both manual and automated
extractions and the other only after automatic extraction. A
total of 36 specimens and controls with viral loads quantified
after both manual and automatic extractions were included in
the regression analysis. Deming regression showed that the
correlation between the two methods was remarkable (y �
0.01379 � 1.0163 x, r � 0.993, P � 0.01): they did not differ by
a constant amount (y intercept not significantly different from
0; 95% confidence interval, �0.2135 to 0.2411), and there was
not a proportional difference between them either (slope not
significantly different from 1; 95% confidence interval, 0.9749
to 1.0577). Bland-Altman analysis (Fig. 1) only identified two
outliers, possibly due to a sporadic technical error; the mean
difference between the two methods differed from the line of
equality by 0.12 log10 IU/ml, which does not have a significant
effect on therapeutic decisions.

Regarding the lower limit of detection of the PCR assay with
the automated extraction method, a virus load of 14.5 IU/ml
(1.16 log10 IU/ml) could be detected with a 95% probability
according to Probit analysis. This result is similar to the lower
detection limit reported by the manufacturer for this assay with
manual extraction (30 IU/ml or 1.48 log10 IU/ml). We were
unable to obtain clinical specimens with virus loads of �7.6
log10 IU/ml to assess the upper linear limit of the assay (8

log10 IU/ml). However, linearity through the range of viral
loads studied was remarkable (y � 0.415 � 0.949 x, r �
0.992, P � 0.01).

Results for the inter- and intra-assay reproducibility exper-
iments are shown in Table 1. The variation observed after
automated extraction was similar to that reported by the man-
ufacturer for the real-time PCR technique with manual extrac-
tion over the range of viral loads tested (0.05 to 0.09 and 0.01
to 0.08 standard deviations in log10 IU/ml for the intra-assay
and interassay reproducibility studies, respectively) (Abbott
RealTime HCV, Ref. 4J86). Our results were comparable to
those obtained with m1000 and EZ1 extractors in recent stud-
ies (7, 8), with intra- and interassay coefficients of variation of
�2.4% for both instruments.

The combination of real-time PCR and nucleic acid extrac-
tion platforms results in almost full automation, better repro-
ducibility, and manual labor savings. Our study demonstrates
that the combination of nucleic acid extraction with the
easyMAG system followed by HCV RNA quantification with
the Abbott RealTime HCV assay is suitable to be implemented
in our laboratory for the management of HCV-infected pa-
tients without modifying therapeutic decisions with respect to
the manual extraction method. Furthermore, easyMAG is an
easy to use platform that extracts total nucleic acids from 24
specimens in an hour, providing the high-throughput process-
ing needed in our laboratory.
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TABLE 1. Intra- and interassay reproducibility of the real-time
PCR method using specimens extracted with easyMAG

Reproducibility Sample
testeda

No. of
replicates

Expected
HCV
virus
load

(log10
IU/ml)

Observed
mean HCV
virus load

� SD
(log10 IU/

ml)

Coefficient of
variation (%)

Intra-assay Calibrator A 5 3.00 3.03 � 0.06 1.83
Standard 5 4.70 4.77 � 0.02 0.23
Calibrator B 5 7.03 7.01 � 0.02 0.35

Interassay Calibrator A 15 3.00 3.01 � 0.05 1.66
Standard 15 4.70 4.64 � 0.10 2.06
Calibrator B 15 7.03 6.96 � 0.04 0.59

a The calibrators were supplied by Abbott Molecular: calibrator A, 1,000
IU/ml; calibrator B, 1.07 � 107 IU/ml. The standard represents the dilution of
the HCV RNA high-positive control with a virus load of 5.0 �104 IU/ml.
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