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Background: Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are increasingly impor-
tant in immunocompromised patients. Nucleic acid extraction methods could affect the
results of viral nucleic acid amplification tests. We compared two automated nucleic acid
extraction systems for detecting CMV and EBV using real-time PCR assays.

Methods: One hundred and fifty-three whole blood (WB) samples were tested for CMV
detection, and 117 WB samples were tested for EBV detection. Viral nucleic acid was ex-
tracted in parallel by using QIAsymphony RGQ and QlAcube (Qiagen GmbH, Germany),
and real-time PCR assays for CMV and EBV were performed with a Rotor-Gene Q real-time
PCR cycler (Qiagen). Detection rates for CMV and EBV were compared, and agreements
between the two systems were analyzed.

Results: The detection rate of CMV and EBV differed significantly between the QIAsym-
phony RGQ and QlAcube systems (CMV, 59.5% [91/153] vs 43.8% [67/153], P=0.0005;
EBV, 59.0% [69/117] vs 42.7% [50/117]1, P=0.0008). The two systems showed moder-
ate agreement for CMV and EBV detection (kappa=0.43 and 0.52, respectively). QIAsym-
phony RGQ showed a negligible correlation with QlAcube for quantitative EBV detection.
QIAcube exhibited EBV PCR inhibition in 23.9% (28/117) of samples.

Conclusions: Automated nucleic acid extraction systems have different performances and
significantly affect the detection of viral pathogens. The QIAsymphony RGQ system ap-
pears to be superior to the QlAcube system for detecting CMV and EBV. A suitable sample
preparation system should be considered for optimized nucleic acid amplification in clini-
cal laboratories.
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INTRODUCTION

mately 170 genes and 85 genes, respectively. CMV and EBV in-

fections are common worldwide with some geographical vari-

Cytomegalovirus (CMV) and Epstein-Barr virus (EBV), members
of the human herpesviridae (HHV) family, have double-stranded,
linear DNA genomes of 230 kb and 172 kb encoding approxi-
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ability. CMV seroprevalence ranges from 45% to 100% in
women of reproductive age and tends to be highest in South
America, Africa, and Asia [1]; EBV seroprevalence also ranges
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from 50% to 93% [2, 31. As with all HHV, CMV and EBV can
establish a lifelong presence, exhibiting persistent and latent in-
fection following primary infection that can be reactivated with
shedding of infectious viruses.

Serological methods such as viral culture, antigen detection,
and viral nucleic acid amplification tests (NAAT) can be used
for the diagnosis and monitoring of active viral infections. Serol-
ogy may be used to determine ongoing susceptibility to commu-
nity-acquired disease in patients who are seronegative prior to
transplantation and who do not develop infection or disease post
transplantation [4, 5]. The advantages of NAAT include high sen-
sitivity, rapid results, and the ability to provide quantitative viral
load measurements; PCR is one of the most widely applied tests
for the diagnosis and monitoring of viral pathogens. The term
DNAemia is used instead of viremia to reflect the detection of
CMV or EBV DNA in blood.

Several automated sample preparation systems are currently
available in clinical molecular laboratories. There is no single
method for every application; many factors, including the target
viral pathogen(s), sample volume, final volume needed for test-
ing, yield, and upstream concentration, should be considered
when a new sample preparation system is introduced into clini-
cal laboratories [6, 71. In addition, various sample types have
been used for detecting CMV and EBV DNA, with no consensus
regarding the optimal sample type [3, 8-10]. Extraction of viral
DNA from whole blood (WB) is of great importance in clinical
laboratories because host hemoglobin and DNA can interfere
with the extraction and amplification of target viral DNA.

Several comparison studies examining CMV or EBV DNA de-
tection have been published; however, it is unclear whether the
same nucleic acid extraction system was used to detect CMV or
EBV DNA, or, if different systems were used, which was optimal
for the targeted viruses [11-20]. In this study, we evaluated two
automated nucleic acid extraction systems used for detecting
CMV and EBV DNA from WB: the QlAsymphony system and
the QlAcube system (Qiagen GmbH, Hilden, Germany). The Ql-
Acube system consists of the QlAcube and Rotor-Gene Q real-
time PCR cycler (RGQ, Qiagen). The QIAsymphony RGQ system
is a recently available fully automated sample preparation sys-
tem, which consists of the QIAsymphony Sample Processing
(SP)/Assay Set-up (AS) system (Qiagen) and RGQ. We compared
the effect of these nucleic acid extraction methods on the ana-
lytical performance of quantitative PCR assays for detecting CMV
and EBV from WB.
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METHODS

1. Samples

A total of 270 WB samples were included in this study: 153
samples for CMV detection and 117 samples for EBV detection.
All samples were obtained for routine diagnostic work-up or mon-
itoring of CMV or EBV infection; remnant samples were used for
this comparison study. The samples were tested retrospectively
and kept frozen at -80°C prior to being tested by the two sys-
tems. Viral nucleic acid was extracted in parallel by using the
QIAsymphony RGQ system and QIAcube system and then am-
plified and detected by using RGQ. The tests were performed
successively on both platforms by the same operator. The Insti-
tutional Review Board of Konkuk University Medical Center waived
approval for this study (KUH1200042) because it used remnant
samples for in vitro method comparison.

2. Test systems

QlAcube is a semi-automated nucleic acid extraction system,
which uses a chemical enzymatic lysis and silica spin-column
binding (centrifugation) isolation method with a batch capacity
of 12 samples. The QIAsymphony RGQ system, an integrated
fully automated nucleic acid extraction and sample preparation
platform comprises three components: QIAsymphony SP, QlAsym-
phony AS, and RGQ. QIAsymphony uses a chemical lysis and
paramagnetic bead binding and ethanol wash isolation method
with a batch capacity of 24 samples.

3. Preparation

Nucleic acid was extracted according to the manufacturer’s in-
structions. Using the QlAamp DSP DNA Mini Kit (Qiagen) with
QlAcube, 100 pL eluate was obtained from 200 pL WB. Next,
30 pL of either the artus CMV RG Kit (Qiagen) or artus EBV RG
Kit (Qiagen) master mix was added to 20 pL of the 100 pL elu-
ate, for a final reaction volume of 50 pL.

Using the QIAsymphony DNA Mini Kit with QIAsymphony SP,
90 pL eluate was obtained from 200 pL (300 pL minus 100 pL
dead volume) WB. A total of 60 pL internal control (IC) plasmid
plus either CMV or EBV buffer was added to each sample prior
to extraction. For the QIAsymphony AS component, 30 pL of ei-
ther the artus CMV QS-RGQ kit (Qiagen) or artus EBV QS-RGQ
kit (Qiagen) master mix was added to 20 pL (of the 60 pL) elu-
ate, for a final reaction volume of 50 pL (Table 1).

4. Amplification
Real-time PCR for quantitation of CMV and EBV DNA from both
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Table 1. Nucleic acid extraction and amplification systems for the detection of cytomegalovirus and Epstein-Barr virus

System

QIAsymphony RGQ

QlAcube

Extraction kit
Available sample type*

QIAsymphony DNA Mini Kit

Whole blood, buffy coat, cultured cells, tissue,
bacterial cultures

QIAamp DSP DNA Mini Kit

Whole blood, plasma, serum, buffy coat, lymphocytes,
dried blood spot, body fluids, cultured cells, swabs, tissue

Lysis Chemical Chemical enzyme

Isolation method Paramagnetic bead binding Silica spin-column binding (centrifugation)

Batch capacity 24 12

Minimum sample requirement (uL) 300 (dead volume, 100) 200

Elution volume (pL) 90 100

Final reaction volume (template + master mix, pL) 20+ 30 20 + 30

PCR CMv EBV CMv EBV

Amplification kit artus CMV QS-RGQ kit artus EBV QS-RGQ kit artus CMV RG kit artus EBV RG kit

Available sample type* EDTA plasma, EDTA whole blood Plasma Plasma, serum, CSF, blood
cells

Analytical sensitivity* 164.55 copies/mL 288.42 copies/mL 57.1 copies/mL 3.8 copies/pL

Ct value for IC Over 3 cycles higher than the Ct value for the IC of the 27+3 No documented value
no template control

Number of quantitation standards 4 4

Target MIE MIE

Specificity* 100% 100%

Linear range* 1.00x 10° - 5.00 x 107 copies/mL Not available

Supplied conversion factor to [U/mL** 0.745 IU/mL 0.140 IU/mL Not available

Measured conversion factor to IU/mL* 0.912 IU/mL 0.135 IU/mL 0.879 IU/mL 0.153 IU/mL

*Technical specifications as indicated in the manufacturer’s instructions; "Analytical sensitivity (limit of quantification) was defined as the concentration at

which 95% of replicates were detected; 'Corresponding to 1.0 copy/mL.

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; CSF, cerebrospinal fluid; Ct, threshold cycle; IC, internal control; MIE, major immediate early.

extraction systems was performed in conjunction with RGQ ac-
cording to the manufacturer’s instructions (hold, 95°C for 10 min-
utes; 45 cycles of 95°C for 15 sec, 65°C for 30 sec, and 72°C for
20 sec; auto-gain optimization setup, 65°C). The green signal
indicates the viral target, and the yellow signal indicates the IC.
In both systems, the viral DNA load was calculated by apply-
ing a calibration curve generated with four calibrators, including
the heterologous IC. The QlAcube system reports the viral load
results as copies/uL and copies/mL, while the QIAsymphony RGQ
system reports them as IU/mL, copies/pL, and copies/mL. In
addition to the manufacturer-supplied QIAsymphony RGQ sys-
tem conversion factor, we measured the conversion factors in
both systems using the WHO international standard [21]. Briefly,
the WHO international standard was diluted 1:10 (500,000 U/
mL), 1:100 (50,000 1U/mL), 1:1,000 (5,000 IU/mL), and 1:10,000
(500 1U/mL) in WB samples that previously tested negative for
CMV and EBV DNA. These dilutions were aliquoted and tested
in duplicate in three separate experiments. The quantitative PCR
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results were multiplied by their initial dilution to obtain experi-
mental WHO values. To obtain the results in IU/mL, the results
obtained in copies/mL were multiplied by the conversion factor.
The major characteristics of the CMV and EBV DNA amplifica-
tion systems are summarized in Table 1.

5. Study design
The linearity of the QIAsymphony RGQ system was determined

by using the WHO international standard. Briefly, the standard
was serially diluted (1:10, 1:100, 1:1,000, 1:10,000) in WB sam-
ples that did not contain detectable CMV and EBV DNA. These
dilutions were aliquoted and tested in duplicate in three sepa-
rate experiments. Prior to determining linearity, the manufacturer-
specified limit of detection (LOD) and limit of quantification (LOQ)
were verified: CMV, LOD 2.22 copies/mL and LOQ 164.55 cop-
ies/mL; EBV, LOD 2.46 copies/mL and LOQ 288.42 copies/mL
[22].

We compared the detection rates for CMV and EBV DNA us-
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ing the QlAsymphony RGQ and QIAcube systems. The agree-
ment between the qualitative results of both systems was ana-
lyzed. The correlation between the CMV and EBV DNA concen-
trations detected by the two systems was evaluated. In addition,
we compared the quantitative results of CMV and EBV detection
of the two systems.

6. Statistical analysis

Linearity was assessed by using regression analysis. The Chi-
squared test was performed to compare the detection rate of
CMV and EBV DNA. For qualitative comparison of CMV and
EBV detection, the inter-rater agreement statistic (kappa value)
was used. The Wilcoxon test was used to analyze discrepant
CMV and EBV detection results. To compare the quantitative
CMV and EBV detection results of the QIAsymphony RGQ and
QIAcube systems, Passing-Bablok regression was performed,
and Bland-Altman plots were used to identify mean differences
of averaged logs for the positive results of both systems. The
correlation coefficients (r) were defined as: <0.30, negligible
correlation; 0.30-0.50, low correlation; 0.50-0.70, moderate
correlation; 0.70-0.90, high correlation; and >0.90, very high
correlation [23]. Statistical analysis was performed by using Anal-
yse-it Software (version 3.90.5 Analyse-it Software, Ltd., Leeds,
UK) and MedCalc Software (version 14.12.0, MedCalc Software,
Mariakerke, Belgium). P values less than 0.05 were considered
statistically significant.
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RESULTS

1. Linearity
The QIAsymphony RGQ system was linear for approximately

seven orders of magnitude and exhibited first-order log transfor-
mation. The linear range was 50-5,000,000 IU/mL for CMV de-
tection and 5-5,000,000 IU/mL for EBV detection (Fig. 1). There
was no significant deviation from linearity for CMV and EBV de-
tections (P=0.99 and P=0.97, respectively).

2. Detection rate and agreement
As shown in Table 2 and Fig. 2, CMV was detected in 91 (59.5%)

and 67 (43.8%) of 153 samples by using the QIAsymphony RGQ
system or QlAcube system, respectively. The detection rate for
CMV differed significantly between the two systems (P=0.0005)
with a concordance rate of 71.2% (109/153), indicating a mod-
erate agreement (kappa=0.43, 95% confidence interval [Cl]=
0.30-0.57). The 44 discrepant results between the two systems
were statistically significant (P=0.0018).

As shown in Table 2, EBV was detected in 69 (59.0%) and
50 (42.7%) of 117 samples by using the QIAsymphony RGQ
system and QIAcube system, respectively, demonstrating a sig-
nificant difference (P=0.0008). The concordance rate for EBV
between the two systems was 75.2% (88/117), signifying mod-
erate agreement (kappa=0.52, 95% CI=0.37-0.66). The 29
discrepant results between the two systems were statistically
significant (P=0.0004).
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Fig. 1. Linearity of quantification using 1:10 serial dilutions of the first WHO international standards for (A) cytomegalovirus (CMV) and (B)
Epstein-Barr virus (EBV). Viral load results were obtained using the artus CMV QS-RGQ Kit and the artus EBV QS-RGQ kit in combination
with the Rotor Gene Q thermal cycler. The “0” results (N=2 for CMV and N=1 for EBV) are not demonstrated in this figure because of the

log transformation. Solid lines indicate the linear regression fit.
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Table 2. Detection of cytomegalovirus and Epstein-Barr virus using the QIAsymphony RGQ and QIA cube systems
QlAcube system

CMV Positive Negative Total EBV Positive Negative Total

QIAsymphony RGQ system Positive 57 34 91 Positive 45 24 69
Negative 10 52 62 Negative 5 43 43
Total 67 86 153 Total 50 67 117
Kappa (95% CI) 0.43 (0.30-0.57) Kappa (95% CI) 0.52 (0.37-0.66)

Detection rate

59.5% (91/153) vs 43.8% (67/153)

Detection rate 59.0% (69/117) vs 42.7% (50/117)

P=0.0005 P=0.0008
Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; Cl, confidence interval.
Q 2,000 e 45,000
P=0.0018 40,000 |- P=0.0004
_ 1500} _ 35,000 -
£ £ 30,000 |-
B S 25000
= 1,000 | =
3 8 20,000 |
=9 =
= E 15000 |
= =
3 500} 2 o000l
5,000 |
0t 0+
QIAsymphony RGQ system QlAcube system QIAsymphony RGQ system QlAcube system

Fig. 2. Discrepant cytomegalovirus (CMV, N=44; left panel) and Epstein-Barr virus (EBV, N=29; right panel) results using the QIAsympho-

ny RGQ and QlAcube systems.

3. Quantitative comparison between the QlAsymphony RGQ
and QlAcube systems

The viral load results obtained by using the QIAsymphony RGQ
and QlAcube systems were compared. For CMV detection, 38
of 153 (24.8%) samples showed higher values than the LOQ of
both systems. Passing-Bablok regression of correlation demon-
strated high correlation (r=0.724). The mean difference was
-0.32 log copies/mL and the QlAsymphony RGQ system values
were higher than the QlAcube system values (Fig. 3A and B).

For EBV detection, 17 of 117 (14.5%) samples showed higher
values than the LOQ of both systems. Passing-Bablok regres-
sion of correlation showed a negligible correlation (r=0.091).
The mean difference was -0.5 log copies/mL, and the QlAsym-
phony RGQ system values were mostly higher than the QlAcube
system values (Fig. 3C and D).

4. Inhibition
For CMV detection, none of the 153 samples showed PCR inhi-
bition for either the QIAsymphony RGQ or QlAcube systems.

https://doi.org/10.3343/alm.2017.37.2.129

For EBV detection, although no samples exhibited PCR inhibi-
tion for the QIAsymphony RGQ system, 28 of 117 (23.9%) sam-
ples demonstrated PCR inhibition for the QlAcube system.

DISCUSSION

The purpose of this study was to evaluate two automated nu-
cleic acid extraction systems for detecting CMV and EBV DNA
from WB samples. The QIAsymphony RGQ and QlAcube sys-
tems were compared to determine the effect of nucleic acid ex-
traction method on the analytical characteristics of quantitative
PCR assays. We evaluated the detection rate, agreement, and
quantitative comparison between the QIAsymphony RGQ sys-
tem (using the artus CMV QS-RGQ Kit and the artus EBV QS-
RGQ Kit) and the QlAcube system (using the artus CMV RG PCR
Kit and the EBV RG PCR Kit) in conjunction with RGQ.

There were considerable differences between the QIAsym-
phony RGQ and QlAcube systems. The detection rate of the
QIAsymphony RGQ system was significantly higher than that of
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Fig. 3. Comparison of cytomegalovirus (CMV, N=38) and Epstein-Barr virus (EBV, N=17) results using the QIAsymphony RGQ and QIA-
cube systems. (A) Passing-Bablok regression for CMV detection. (B) Bland-Altman plot for CMV detection. (C) Passing-Bablok regression
for EBV detection. (D) Bland-Altman plot for EBV detection. In the regression plot, the solid line indicates the regression line and dashed
lines indicate 95% confidence interval. In the Bland-Altman plot, the bold line indicates the mean difference between values, the dashed
lines indicate 95% confidence interval, and the solid lines indicate mean difference +1.96 standard deviation.

the QlAcube system, and the discrepant results between the
two systems were statistically significant (Table 2 and Fig. 2).
The two PCR systems showed a concordance rate of 71.2% and
75.2% for CMV and EBV, respectively, with moderate agreement.
Previous studies have reported that the overall agreement be-
tween QIAsymphony and other molecular assays based on au-
tomated sample preparation and real-time PCR was 86% (kappa
=0.67) for CMV detection and 82.7% (kappa=0.64) for EBV
detection, with good agreement, respectively [14, 20]. Moreover,
the EBV viral load detected by using the QlAsymphony RGQ
system showed a negligible correlation with that detected by us-
ing the QlAcube system (Fig. 3).

PCR efficiency can be affected by several parameters, includ-
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ing sample type, primer and probe design, inaccurate sample
and reagent pipetting, and inappropriate standard curves. PCR
inhibitors present in samples include heparin, proteins such as
hemoglobin, polysaccharides, and others [24]; a higher proba-
bility of PCR inhibition exists in WB samples than in the other
sample types. Interestingly, the WB samples did not exhibit PCR
inhibition using the QIAsymphony RGQ system; however, when
the QlAcube system was applied, 23.9% of the WB samples
showed PCR inhibition for EBV detection. QIAcube relies on sil-
ica-DNA binding for the removal of non-nucleic acid components.
QIAsymphony uses magnetic-particle chemistry and built-in UV
lamps that provide effective decontamination (Table 1). This
may have caused the difference in PCR inhibition between the
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two systems. We were unable to determine the exact reason
why PCR inhibition occurred only in EBV PCR and not in CMV
PCR using the QlAcube system; further studies are required to
elucidate the reasons for these differences.

Although viral load measurement using quantitative PCR is
important in the prevention, diagnosis, and monitoring of EBV
and CMV, multicenter evaluations of CMV and EBV NAAT have
demonstrated significant inter-laboratory variability in viral quan-
titative reporting. Thus, international CMV and EBV DNA refer-
ence standard materials and units are needed to enable labora-
tories to achieve comparable numeric results [5, 25-271. In 2010
and 2012, the WHO produced the first international reference
standard (NIBSC 09/162, 09/260, Hertfordshire, UK) for CMV
and EBV viral load NAAT; the U.S. National Institute of Standards
and Technology also provided standard reference material (SRM
2366) for CMV DNA that served as the basis for establishing
metrological traceability of assay calibrants [28, 29]. Although
the availability of the international reference materials may stan-
dardize viral load reporting, several considerations remain that
could independently or collectively account for assay-specific
variability: differences in nucleic acid extraction methods, type
and volume of clinical samples, selection of primers and probes,
target-specific amplification efficiencies, detection chemistries
and reagents, instrumentation, and operator-dependent variabil-
ity [28, 30-321.

The strength of this study lies in the comparison of both CMV
and EBV DNA quantification PCR assays using the QIAsymphony
RGQ and QlAcube systems under identical laboratory settings.
The two systems exhibited significant differences for the detec-
tion of CMV and EBV DNA in clinical WB samples. The limita-
tion of this study is that we used two different extraction meth-
ods; therefore, it is difficult to determine whether the difference
was the result of the nucleic acid extraction process (including
isolation methods), detection chemistries and reagents, instru-
mentation, or operator dependent variability. In addition, we were
unable to determine the weakest step (extraction or amplifica-
tion) of the QIAcube system; considering the manufacturer’s in-
struction regarding intended use, it was impossible to test dis-
crepant samples by combining the QIAcube extraction and the
QIAsymphony platform quantitative PCR assay and vice-versa.
Nevertheless, the present study demonstrates that the fully au-
tomated QIAsymphony RGQ nucleic acid extraction system is
more effective for CMV and EBV DNA detection than a semi-au-
tomated QlAcube system. The QIAsymphony RGQ system has
the potential to improve the agreement and clinical utility of CMV
and EBV DNA measurements and to enable standardization
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and uniformity in clinical laboratories. A suitable sample prepa-
ration system should be considered for optimized nucleic acid
amplification in clinical laboratories.
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