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Several different primer-probe chemistries have been
produced commercially for real-time PCR detection
and quantification of cytomegalovirus, but there are
few studies evaluating their relative performance. We
assessed three such commercial reagents with respect
to analytical and clinical operating characteristics.
The samples included 149 clinical whole blood spec-
imens that were de-identified and assayed in parallel
with all primer–probe systems. Individual methods
used TaqMan, dual fluorescence resonance energy
transfer hybridization probes, and labeled primer
chemistries. Method comparability was determined
both qualitatively, based on pair-wise assessment of
concordance, and quantitatively, based on pair-wise
linear regression analysis. Analytical sensitivity and
the lower end of the linear dynamic range reached 10
target copies per reaction for the TaqMan and labeled
primer systems and 100 target copies per reaction for
the dual fluorescence resonance energy transfer
probe system. Quantitative linearity reached an upper
limit of 105 copies per reaction for all methods. No
assay cross-reactivity was seen with other common
viral pathogens (100% analytical specificity). Pair-
wise analysis of qualitative results from clinical sam-
ples showed no significant differences in sensitivity
between the three sets of reagents, and linear regres-
sion analysis indicated that the quantitative values
achieved were comparable in all positive specimens.
The findings demonstrate that similar analytical
and clinical performance characteristics can be
demonstrated for quantitative detection of cytomeg-
alovirus in clinical whole blood extracts using a
wide variety of real-time PCR chemistries. (J Mol
Diagn 2009, 11:54–59; DOI: 10.2353/jmoldx.2009.080073)

The detection of cytomegalovirus (CMV) has become
increasingly important in the care of immunocompro-
mised patients.1,2 Over time, molecular methods have
been implemented as a primary means of quantitatively
detecting this and other systemic viruses, particularly in
peripheral blood specimens.3 Roughly in parallel with the

increased use of such methods, molecular techniques
have also evolved, with end-point PCR methods now
being supplanted by real-time technologies. Real-time
PCR can offer decreased turnaround time, improved
ease of use and result interpretation, and an improved
ability to quantify viral targets.4,5 Several commercial re-
agents (primarily analyte specific reagents [ASRs]) have
recently been produced. While many of these rely on
fluorescence resonance energy transfer (FRET) to pro-
duce real-time detection,6 several primer-probe chemis-
tries have been used.5

Various real-time chemistries have been used to target
CMV,4,7–9 including TaqMan, dual hybridization probes,
and labeled primer systems. All of these FRET systems
rely on either the production or quenching of fluores-
cence signal; all but the labeled primer chemistries re-
quire an initial PCR step with unlabeled primers followed
by a separate probe hybridization step to produce signal.
TaqMan probes10 consist of a single oligonucleotide with
a labeled reporter fluor on the 5� end and a labeled
quencher on the 3�end. Signal production in this system
relies on 5� exonuclease activity of Taq polymerase caus-
ing a diminution of signal quenching in parallel with am-
plicon production. Dual FRET probes produce signal as
they anneal adjacent to one another on amplicons.11

Fluorophores placed on adjacent probes (one at the
3�end and the other at the 5� end) interact when hybrid-
ized to amplified target to produce a FRET signal. Alter-
natively, labeled primer-based reporter systems can be
used.12 Such systems also incorporate FRET chemis-
tries, usually with a reporter-quencher fluorophore pair on
one primer. When amplification occurs, the fluorophores
are physically separated, quenching is relieved, and sig-
nal is produced. One variation on this method has re-
cently been marketed as the MultiCode-RTx system (Era-
gen Biosciences, Inc., Madison, WI).12–14 The latter
system is based on the use of two modified nucleotides,
2�-deoxy-5methylisocytidine and 2�-deoxy-isoguanosine
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(diC and diG), and two primers, one labeled with fluores-
cent reporter adjacent to diC and the other unlabeled.
The quencher molecule is covalently attached to diGTP
and incorporated opposite the diCTP, quenching the flu-
orescent dye accordingly.15 As target accumulates, flu-
orescence decreases.

Published comparative data between FRET-based
methods is limited. Most studies have focused primarily
on endpoint methods such as Southern blot or PCR-
enzyme-linked immunosorbent assay.16,17 More recent
publications have examined TaqMan methods; either
compared to endpoint methods,18,19 or to one-another.4,18

The latter quantitative real-time PCR assays have been
shown to provide accurate and reproducible results.
While prior studies have primarily focused on TaqMan
chemistries, the availability of other FRET-based methods
offers an increasingly complex choice for clinical labora-
tories. Here, three different commercially produced ASRs
were examined, including MultiCode-RTx CMV PCR, ar-
tus CMV TM PCR (QIAGEN, Valencia, CA), and CMV
UL54 Primer/Hybridization Probes (Roche Diagnostics,
Indianapolis, IN), each based on a different method of
FRET signal production.

Materials and Methods

Clinical Samples and Control Viral Strains

Samples included 149 clinical whole blood nucleic acid
extracts, remaining after routine clinical testing for CMV
DNA by quantitative PCR, using a “conventional” end-
point detection PCR assay (data not shown). Samples
were selected based on the results of that assay to as-
sure a mix of both positive and negative samples. These
samples were subsequently de-identified and only re-
sults of the three new methods used for comparative
purposes. Whole blood specimens were anticoagulated
with EDTA and DNA extracted using EZ1 or M48 instru-
mentation with the EZ1 tissue extraction kit (QIAGEN,
Valencia, CA). 200 �l of each sample was processed,
DNA eluted in a final volume of 200 �l of buffer, and
stored at �70°C for 1 to 3 years (July 2004-September
2006). All samples were de-identified before use in this
study. Approval for the use of this material was obtained
from the St. Jude Children’s Research Hospital Institu-
tional Review Board. Quantified human CMV DNA (1.7 �
104 copies/�l), electron-microscope counted whole
CMV particles (2.3 � 1010 viral particles/ml), and other
control viruses including EBV, HHV6, HHV8, Adv5,
HSV1, SV40, and VZV1/2 (used for testing assay specific-
ity) were purchased from Advanced Biotechnologies, Inc
(Columbia, MD).

CMV PCR Methods

TaqMan Method

To create a working master mix, 12.5 �l CMV TM Master
(containing primers to a 105-bp region of the CMV major
immediate early gene and packaged separately as artus

CMV TM PCR ASR, QIAGEN, Valencia, CA), 2.5 �l CMV
LC/RG/TM MG-Sol, and 1 �l CMV LC/RG/TM internal
control (Supplement to artus CMV TM PCR) were com-
bined. Ten �l of sample were added to 15 �l working
master mix in a chilled 96-well optical plate, sealed with
an optical adhesive film, briefly centrifuged, and ampli-
fied using the 7500 Real-Time PCR system (Applied Bio-
systems, Inc, Foster City, CA). Cycling parameters were
95°C for 10 minutes, 45 cycles of 95°C for 15 seconds,
and 55°C for 1 minute. Results were analyzed using 7500
System Sequence Detection Software version 1.2.3. The
amplification threshold was set at 25,000 �Rn, corre-
sponding to the lower end of the geometric phase of
amplification. The formula used for calculating the ampli-
fication efficiency was: efficiency � 10 (�1/slope) � 1.

Dual Probe Method

Master mix included 2.0 �l 10� PCR reaction mix (Light-
Cycler FastStart DNA Master HybProbe kit, Roche Diag-
nostics, Indianapolis, IN), 2.0 �l primer and probe mix
(CMV UL54 Primer/Hybridization Probes, Roche), 0.4 �l
internal control (recovery template, 5 � 102 copies/�l,
LightCycler CMV UL54 Template Set, Roche Diagnos-
tics), and 5.6 �l nuclease-free water. Ten �l of CMV
master mix and 10 �l of sample were added to each
reaction tube, centrifuged, and amplified (LightCycler
2.0, Roche) with the following parameters: denaturation
at 95°C for 10 minutes; amplification at 95°C for 10 sec-
onds, 55°C for 15 seconds, 72°C for 15 seconds; melt
curve at 95°C for 0 seconds, 40°C for 1 minute, 85°C for
0 seconds, and cooling at 40°C for 10 minutes. LightCy-
cler software version 4.05 was used to analyze results.
Crossing point (threshold) of each sample was set auto-
matically by the system software, followed by absolute
quantification analysis and calculation of amplification
efficiency.

Labeled Primer Method

Master mix included 0.5 �l 50� Titanium taq (Clontech
Lab, Inc. Mountain View, CA), 1 �l 25� Primer mix (pur-
chased pre-mixed as MultiCode-RTx CMV PCR and tar-
geting the UL54 DNA Polymerase gene), 5 �l 5� ISOlu-
tion, 1 �l 25� DNA UR (internal control), and 7.5 �l
nuclease-free water (packaged together as MultiCode-
RTx System DNA Reagent Set). All reagents (unless oth-
erwise specified) were manufactured by Eragen Bio-
sciences, Madison, WI. Ten �l of sample were added to
15 �l master mix in a chilled 96-well optical plate, sealed
with an optical adhesive film, briefly centrifuged, and
amplified using the 7500 Real-Time PCR system with
parameters of 95°C for 2 minutes; 50 cycles of 95°C for
15 seconds, 58°C for 10 seconds, 72°C for 35 seconds;
and 1 cycle of 95°C for 15 seconds, 60°C for 1 minute,
95°C for 15 seconds. Results were analyzed using
MultiCode-RTx Analysis Software version 1.5.4.8 (EraGen
Biosciences). Threshold of amplification was automati-
cally identified and efficiency of amplification was auto-
matically calculated by the analysis software.
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Research Design and Data Analysis

Analytical Evaluation

A CMV DNA concentration gradient from 1 to 1 � 105

copies per reaction (corresponding to 1 � 102 to 1 �
107copies/ml) was assayed to evaluate analytic sensitiv-
ity and linear dynamic range of each method. Conversion
from copies per reaction to copies per ml was based on
the volume of the original extract and sample used in the
reaction, resulting in a dilution factor of 100. This can be
seen in the following formula:

0.2 ml �volume of sample used/1 ml�

� 0.01 ml �volume of extract used per reaction�/

0.2 ml �volume of original extract�.

The specificity of each system was tested against control
strains of other human viruses including HHV6, HHV8,
VZV1/2, HSV1, Adv5, EBV, and SV40. Commercially pre-
pared and quantified viral DNA solutions were used for
each test, with a concentration of 5 � 103 copies per
reaction.

Clinical Evaluation

The same 10-fold serial dilution series used to establish
linearity was subsequently assayed in duplicate in paral-
lel with each clinical sample run and used as a common
quantitative calibrator for all three amplification methods.
A linear regression curve was constructed based on
these results and used to determine quantitative values
for patient samples. A run-to-run comparison was per-
formed including 74 clinical sample extracts assayed
twice with each ASR method. The remaining 75 clinical
sample extracts were tested in duplicate (single run) for
an intrarun comparison of sensitivity. The first of two
results determined for each sample was used for quali-
tative and quantitative comparisons of the three methods.

Statistics

Method performance using the three reagents was
compared in a pairwise manner, including data from
149 clinical samples tested by all three systems. Con-
cordance was examined using a cutoff of 100 with
McNemar’s test20 and regression lines were fit between
any two assays and any two replicates. The cutoff value
of 100 was based on the theoretical limit of the PCR
reactions, corresponding to a lower limit of one copy per
reaction.

Figure 1. Ten-fold serial dilutions of CMV DNA from 10 to 1 � 105

copies/reaction demonstrating comparative linearity of optimized TaqMan,
Labeled Primer, and Dual Probe methods.

Table 1. Qualitative Comparison of Methods

A. Concordance between TaqMan and Labeled Primer Methods*#

Labeled primer � Labeled primer 	 Total

TaqMan � 99 5 (130, 170, 790, 120, 240) 104
TaqMan 	 5 (108, 227, 197, 139, 322) 33 38
Total 104 38 142

B. Concordance between Dual Probe and Labeled Primer*#

Labeled primer � Labeled primer 	 Total

Dual probe � 100 6 (130, 150, 150, 180, 120, 240) 106
Dual probe 	 5 (9050, 14000, 155, 30100, 2840) 32 37
Total 105 38 143

C. Concordance between Dual Probe and TaqMan*#

TaqMan � TaqMan 	 Total

Dual probe � 104 6 (119, 295, 227, 123, 197, 139) 110
Dual probe 	 5 (14000, 155, 22100, 36600, 30100) 32 37
Total 109 38 147

*McNemar’s Test for Equal Sensitivity, P � 1.00.
#Positive values of discrepant pairs listed parenthetically.
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Results

Analytical Performance

Analytical sensitivity and the lower limit of linearity
reached 10 copies/reaction (103 copies/ml, if no CMV
DNA were lost during extraction) for the TaqMan and
Labeled Primer systems and 100 copies/reaction for the
Dual Probe system (104 copies/ml). Sensitivity for each
system was determined after completion of a minimum of
14 individual determinations at each target concentration
and defined by detection of target 95% of the time at a
given concentration. Linearity extended to 105 copies/
reaction (107 copies/ml of sample) for all three methods
(Figure 1). The amplification efficiencies for all three
methods reached greater than 95% (99.25%, 95.81%,
and 98.20% for TaqMan method, Labeled Primer
method, and Dual Probe method, respectively). No
cross-reactivity was seen in any assay when control
strains of HHV6, HHV8, VZV1/2, HSV1, Adv5, EBV, and
SV40 were tested (100% analytical specificity).

Clinical Performance

Pairwise analysis of all three methods showed compara-
ble qualitative results, suggesting no significant differ-
ence in sensitivities (Tables 1, A�C, all P values 
1.00).
PCR inhibition, based on absence of internal control am-
plification in both replicates of negative samples, was
noted in a total of five specimens (one in dual probe, one
in Taqman, and three in labeled primer). All negative
samples without amplified internal control were excluded
from comparative analyses. When detected in negative
samples, the internal controls generated consistent re-
sults, with cycle threshold coefficients of variation of 2 to
7%. Linear regression analysis with both values above
the cutoff produced intercepts and slopes approximating
0 and 1 in all cases (Figure 2, A�C), indicating general
agreement between quantitative results achieved by the
different systems. Concordance was variable, with an R2

� 0.82 when results from TaqMan and Labeled Primer
methods were compared, but with lower R2 values seen
for the other assay pairs (R2 � 0.55 and R2 � 0.60 Figure
2, A�C). Although not statistically significant, a slight shift
in regression lines indicated that the Dual Probe assay
tended to produce somewhat larger viral load results
than did the other techniques. This shift in quantitative
results is also seen in discrepant values (Table 1, A�C),
which tended to be higher for samples detected only by
the Dual Probe method.

Comparison of replicate assay results demonstrated
excellent between and within run reproducibility without
significant discordance in TaqMan and Labeled Primer
systems (within run R2 � 0.97, between run R2 � 0.73
and 0.95 respectively). The Dual Probe assay was less
precise (within run R2 � 0.4, between run R2 � 0.45).

Technical Considerations

All three assays were easy to use and reagents were
conveniently packaged. PCR set up and run time for the

TaqMan and Labeled Primer assays were similar. The
Dual Probe assay set-up and run time was considerably
shorter; however, maximum run capacity was approxi-
mately one-third that of the other assays. Analysis using
the 7500 System Sequence Detection Software and the
LightCycler Software was straightforward and took a
short amount of time to complete; the MultiCode-RTx

Figure 2. A: Comparison of quantitative results between Labeled Primer and
TaqMan methods. B: Comparison of quantitative results between Labeled
Primer and Dual Probe methods. C: Comparison of quantitative results
between TaqMan and Dual Probe methods.
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Analysis Software required exporting data from the 7500
system slightly prolonging the time to completion (see
Table 2).

Discussion

As real-time PCR becomes the primary method in use for
quantitative detection of blood-borne viruses, an increas-
ing variety of FRET-based chemistries have become
available. The findings above suggest that three of these
chemistries, TaqMan, Dual Probe, and Labeled Primer
can provide comparable results when testing whole
blood nucleic acid extracts for CMV. Sensitivity and linear
dynamic range extended somewhat lower with the La-
beled Primer and TaqMan methods than with the Dual
Probe chemistry, although it is uncertain if this difference
was a clinically significant one. The latter point appears
borne out by results achieved during testing of patient
samples, as qualitative results were without significant
difference between the three methods. Viral load results
also correlated among all three assay pairs, with the
tightest correlation seen between the Labeled Primer and
TaqMan assays. Minor differences between the methods
were seen related to quantitative reproducibility, with the
Labeled Primer and TaqMan-based assays showing a
higher degree of correlation between replicates than did
the Dual Probe test. Again, the clinical significance of this
variability, which was seen primarily in samples with
lower viral loads (less than 500 copies/ml), is uncertain.

The findings here are generally consistent with those of
previous investigators, who have shown that the devel-
opment of real-time PCR chemistries provides a practical
option for CMV testing that compares well with end-point
methods.4,7,19,21 Those studies focused mainly on Taq-
Man chemistry-based techniques, describing consistent
performance characteristics appropriate for clinical use.
The TaqMan assay used here resulted in a linear range
and limit of detection (1 � 103 to 1 � 107copies/ml)
similar to that of these earlier studies.4,8,22 Likewise, other
investigators have examined the use of various real-time
chemistries for the quantitative detection of other blood-
borne viruses.23–26 Most of these have involved the use of
TaqMan or Dual Probe methods, and no direct compar-
ison of all three chemistries discussed here has been
previously published.

Just as the use of real-time PCR has been applied to a
variety of pathogens, the clinical implications of compar-
ing different FRET chemistries finds significance broadly,
as laboratories attempt to find the optimal method in their
respective individual practice settings. The data pre-
sented here suggest that such decisions may in some

cases be made primarily based on factors such as ease-
of-use, cost-effectiveness, throughput, and instrumenta-
tion, as analytical performance characteristics may ap-
pear comparable between some chemistries or reagents.
All three tests included in this study were subjectively
easy to perform. There was variability in packaging and
number of reagents required. Hands-on time for a full
PCR run was similar for both the TaqMan and Labeled
Primer methods but shorter for the Dual Probe method
due to the 32 tube capacity of the LightCycler. Through-
put was primarily affected by the platform used, with
microtiter plate-based instrumentation having a longer
run-time than the LightCycler, but offering advantages in
turnaround time and time spent per specimen when large
numbers of samples are anticipated. This information
points to the importance of considering the needs of a
given institution or laboratory when selecting among
commercially available reagents or methods.

Although this study suggests that performance may
sometimes not be the primary differentiating factor when
comparing methods, this statement must be taken in the
context described. Only three chemistries were evalu-
ated, each using only a single procedure. Certainly, vari-
ability in performance may be seen depending on
whether different chemistries, reagents, target sites, or
cycling conditions are used.27,28 Further differences in
assay performance may also become apparent when
larger numbers of samples are tested, if a different sam-
ple type is tested,22,25,29,30 or if another virus is targeted.
The blood compartment used for CMV testing has varied
widely in the literature, depending on the patient popu-
lation at hand and historical clinical practice. Whole
blood was used in this study based on current accepted
practice at our center; determination of assay perfor-
mance with other specimen types would certainly require
further evaluation. Other factors that may play into
method performance, accuracy, and precision include
steps of specimen preparation and quantitative calibra-
tion materials31,32 and methods. The latter factors were
performed in common between all three methods in this
study, removing them as sources of variability. However,
these issues must also be thoroughly assessed before
deciding which method to introduce in a given laboratory
setting.

Although such issues will continue to be the subject of
ongoing study, the results presented here demonstrated
that any one of several commercial reagents now on the
market may be useful for the routine clinical detection
and quantification of CMV in peripheral blood specimens.
The growing availability and variety of such high quality
reagents offers increasing choices for the clinical micro-

Table 2. Comparison of Assay Performance Times

Assay # of Samples assayed

Time (minutes)

Time to completion (minutes)PCR set-up PCR run Analysis

TaqMan 94 90 120 15 225
Dual probe 32 45 70 15 130
Labeled primer 94 90 120 25 235
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biology laboratory, and with those choices, an increasing
ability to tailor assay selection to individual patient care
settings, institutional, and laboratory needs.
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