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Viral load (VL) assessment of cytomegalovirus (CMV)
by real-time PCR is an important tool for diagnosing
and monitoring CMV viremia in patients with com-
promised immune systems. We report results from a
sample exchange organized by members of the Asso-
ciation for Molecular Pathology that compared PCR
results from 23 laboratories; 22 such laboratories
used a laboratory-developed real-time PCR assay and
one laboratory used a competitive PCR assay. The
samples sent to each laboratory were comprised of a
dilution panel of CMV virion-derived reference mate-
rials that ranged from 0 to 500,000 copies/ml. Accu-
racy, linearity, and intralaboratory precision were
established for the different laboratory-developed as-
says. Overall , PCR results were linear for each labo-
ratory (R2 > 0.97 in all but two). While 13 laboratories
showed no significant quantitative assay bias, 10 lab-
oratories reported VLs that were significantly differ-
ent compared with expected values (bias range,
�0.82 to 1.4 logs). The intralaboratory precision
[mean coefficient of variance of 2% to 5% (log-scale)]
suggested that changes in VLs of less than 3- to five-
fold may not be significantly different. There was no
significant association between laboratory-specific
technical variables (PCR platform, calibrator, extrac-
tion method) and assay linearity or accuracy. These
data suggested that, within each laboratory, relative

VL values were linear, but additional method stan-
dardization and a CMV DNA reference standard are
needed to allow laboratories to achieve comparable
numeric results. (J Mol Diagn 2009, 11:87–92; DOI:

10.2353/jmoldx.2009.080097)

Cytomegalovirus (CMV) is a double-stranded DNA virus
that is a member of the Herpesviridae family. Establish-
ment of persistent and latent infections with CMV in the
human host is a common occurrence. With seropositivity
rates at 80% and CMV viral reactivation being associated
with a compromised immune system, CMV is considered
one of the most common opportunistic pathogens lead-
ing to life-threatening illnesses in the immunocompro-
mised patient. Quantitative CMV viral load (VL) testing
has been shown to be useful in diagnosing active dis-
ease, screening for preemptive therapy, and monitoring
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therapeutic response.1–11 Therefore, accurate, sensitive,
and precise diagnostic tests that can detect and quanti-
tate CMV viral load are essential.

Despite the need for accurate quantitative CMV viral
load measurement, no U. S. Food and Drug Administra-
tion-approved assay is currently available. Typically,
CMV is quantitated using the pp65 antigenemia assay or
using real-time PCR. The pp65 antigenemia assay is a
useful surrogate marker for CMV viral load; however, it is
only useful in patients with sufficient leukocyte counts, is
labor-intensive, and has strict sample requirements.12,13

The use of a quantitative PCR assessment for CMV viral
load provides significantly better sensitivity and preci-
sion.12,14,15 Within individual laboratories, real-time PCR
assays are able to quantify CMV DNA accurately in a
closed system and over a wide dynamic range, allowing
for quick turnaround-time and less possibility for contam-
ination.2,5,12,14–16 However, given the heterogeneity of
assay systems, the comparison of VL values between
different laboratories may not be as accurate or precise
as intralaboratory VLs. Toward that goal, we report results
from a multilaboratory sample-exchange study designed
to assess the performance characteristics of laboratory-
developed real-time PCR assays using common CMV
reference materials.

Materials and Methods

Purpose of the Study

The purpose of this study was to compare different lab-
oratory-developed CMV DNA real-time PCR assay per-
formance characteristics using common CMV reference
materials. Laboratories enrolled in the study by subscrib-
ing through the Association for Molecular Pathology
(AMP) CMV Working Group Listserv. Participation was
limited to the first 25 laboratories that enrolled.

Materials Supplied

Four sets of AcroMetrix OptiQuant CMV Viral DNA Panels
(Benicia, CA), each comprised of a 5-sample serial dilu-
tion of intact CMV viral particles, were sent to participat-
ing laboratories by overnight courier on dry ice. Labora-
tories were instructed to store the panel members at
�70°C until use. The CMV Viral DNA panel was prepared
by diluting and adjusting a concentrated CMV virion so-
lution from a CMV-producing cell line in normal human
plasma non-reactive for antibodies to other infectious
agents. The normal human plasma also contained 0.05%
sodium azide, and 0.05% gentamicin sulfate as preser-
vatives. The highest member of the dilution series (deter-
mined to have a CMV viral load of 500,000 copies/ml
using the Roche COBAS Amplicor CMV Monitor test;
Indianapolis, IN) was serially diluted to obtain the other
four members of the panel. Panel members had CMV
DNA concentrations of 0, 500, 5000, 50,000, and 500,000
copies/ml.

Test Procedure

Participating laboratories used the DNA extraction pro-
cedure that was appropriate to their laboratory-devel-
oped CMV test system to extract CMV DNA from the CMV
panel member samples. Four replicate samples of each
panel member were extracted and amplified separately.
Each participant laboratory was instructed to test the
samples as “unknowns” using the calibrators particular to
their assay. The results from each laboratory’s assay had
to meet validity criteria for their laboratory-developed
CMV DNA test system. Results were reported in the units
of measure appropriate to the assay (eg, copies/ml),
along with the calculated mean, SD, and percent coeffi-
cient of variance (% CV) for each panel member repli-
cate. Individual sample results that did not meet the
laboratory’s validity criteria were excluded. Panel mem-
ber results that fell outside each laboratory’s dynamic
range were reported as such (eg, �50 copies/ml or
�500,000 copies/ml). Each laboratory participant for-
warded copies of all raw data to the study center for
comparative analysis and statistical evaluation. CMV VL
results were compared between individual laboratory val-
ues (observed) and the reference panel expected values,
by linear regression of the log10 transformed data. For
each laboratory, bias, if significant, was defined as the
mean difference between observed and expected log-VL
values. Bias was considered significant when a paired
t-test (observed versus expected VL) yielded a P value
below 0.05 (two-sided).

Results and Discussion

Twenty-five laboratories were enrolled in this study; how-
ever, data were only provided by 23 laboratories. Twenty-
two of these laboratories used an in-house developed
real-time PCR assay while the COBAS Amplicor Monitor
PCR platform was used by one laboratory. Table 1 lists
the test system parameters for each laboratory including
the instrument platform, the extraction method, and the
calibrator. Twelve laboratories reported results using
Roche’s LightCycler Real-Time PCR System instrument.
Six laboratories used one of the Applied Biosystems (ABI;
Foster City, CA) Real-Time PCR System instruments, and
the remaining laboratories used either the iCycler (Bio-
Rad Laboratories, Hercules, CA), SmartCycler (Cepheid,
Sunnyvale, CA), or COBAS Amplicor Monitor PCR plat-
form. TIB MolBiol (Berlin, Germany), Advanced Biotech-
nologies Inc (ABI, Columbia MD), and in-house produced
plasmids were the most commonly used calibrators, and
the majority of laboratories used a Qiagen (Valencia, CA)
product for DNA extraction (n � 12). The region of CMV
targeted by the PCR primers was reported by 16 labora-
tories. Ten laboratories used glycoprotein B (UL55) and
two used DNA polymerase (UL54) as the PCR target.
One laboratory, each, reported using primers for pp65
(UL83), HindIII X region, UL117, and the immediate early
gene (UL123).

The quantitative CMV VL test results from each of the
23 participating laboratories are shown in Table 2. The
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log10 transformed viral load values expected for the dilu-
tion series were 2.70, 3.70, 4.70, and 5.70 log copies/ml,
respectively. The mean (log) measured VL for all 23
laboratories was 2.96 (n � 75), 3.81 (n � 85), 4.77 (n �
91), and 5.66 (n � 92) for the panel members respec-

tively, and measured VLs correlated linearly with ex-
pected VLs (r � 0.9998; P � 0.0001; Figure 1). The mean
observed VL of the 500 copies/ml sample (2.96) was
slightly (but significantly) higher than the expected value
(2.70) (P � 0.0005), while the observed VLs of the other

Table 1. PCR Platforms, Extraction Methods, and Calibrators Used by Participating Laboratories

Lab# Instrument / platform Extraction method Calibrator

1 LightCycler QIAamp ultraSens TIB plasmid*
2 LightCycler QIAamp DNA mini kit TIB plasmid
3 LightCycler QIAamp minElute TIB plasmid
4 LightCycler Qiagen blood mini Kit TIB plasmid
5 LightCycler QIAamp DNA mini kit TIB plasmid
6 LightCycler Gentra pureGene CMVAD169 quantitated viral DNA†

7 LightCycler Roche highPure TIB plasmid
8 LightCycler Roche magnaPure TIB plasmid
9 LightCycler Roche magnaPure In-house plasmid

10 LightCycler Roche magnaPure In-house culture
11 LightCycler Roche magnaPure In-house plasmid
12 LightCycler Roche highPure CMVAD169 quantitated viral DNA
13 ABI 7000 bioMerieux nucliSens CMVAD169 quantitated viral DNA
14 ABI 7500 Qiagen M48 automated In-house plasmid
15 ABI 7700 QIAamp DNA mini kit CMVAD169 quantitated viral DNA
16 ABI 7700 Qiagen biorobot In-house plasmid
17 ABI 7900HT Gentra capture column ATCC CMVAD-169
18 ABI Prism 7900HT Roche magnaPure In-house purified DNA
19 SmartCycler Qiagen blood mini kit CMVAD169 quantitated viral DNA
20 SmartCycler QIAamp minElute OptiQuant CMV viral DNA‡

21 iCycler Qiagen viral kit CMVAD169 quantitated viral DNA
22 iCycler Qiagen blood mini kit CMVAD169 quantitated viral DNA
23 COBAS AmplicorCMVmonitor Amplicor CMV monitor Kit quantitation standard§

* TIB MolBiol.
† Advanced Biotechnologies Inc.
‡ AcroMetrix.
§ Roche Diagnostics.

Table 2. CMV DNA Viral Load Values Obtained from Participating Laboratories

Laboratory

Mean copies/ml (log)

R2 Slope Bias Bias P

Member 1 Member 2 Member 3 Member 4
2.70

copies/ml
3.70

copies/ml
4.70

copies/ml
5.70

copies/ml

1 4.12 4.37 5.08 5.97 0.94755 0.63125 NS 0.08
2 * * 4.00 4.78 NS 0.09
3 3.27 4.04 5.18 5.74 0.98133 0.85886 NS 0.07
4 2.92 3.89 5.01 5.75 0.98767 0.94608 NS 0.15
5 2.54 3.17 4.47 5.02 0.97411 0.85588 �0.44 0.04
6 3.02 3.64 4.79 5.94 0.98114 1.00206 NS 0.28
7 3.53 4.72 5.77 6.58 0.99112 1.02726 0.93 0.0007
8 3.06 3.98 4.97 6.02 0.99937 0.98805 0.30 0.0005
9 2.79 3.59 4.76 5.70 0.99473 0.99357 NS 0.93

10 3.36 4.31 5.27 6.25 0.99998 0.96493 0.59 0.0001
11 2.77 3.84 4.92 5.93 0.99898 1.04234 NS 0.09
12 2.98 3.76 4.63 5.68 0.98906 0.89979 NS 0.99
13 2.59 3.80 4.71 5.66 0.99493 1.01562 NS 0.73
14 4.08 5.20 6.10 7.25 0.99789 1.04226 1.4 �0.0001
15 2.04 3.20 4.26 5.56 0.99848 1.17756 �0.47 0.03
16 2.71 3.68 4.73 5.67 0.99835 1.02046 NS 0.08
17 * 3.45 4.14 4.75 0.99851 0.64993 NS 0.10
18 2.51 3.50 4.62 5.63 0.99952 1.04313 �0.14 0.02
19 * 3.29 4.30 4.97 0.99929 0.83920 �0.60 0.02
20 2.60 3.68 4.72 5.68 0.99907 1.03937 NS 0.25
21 2.53 3.54 4.46 5.47 0.99992 1.01326 �0.26 0.0001
22 2.30 2.95 3.74 4.83 0.96067 0.86626 �0.82 0.01
23 3.41 4.30 5.04 5.45 0.97437 0.69326 NS 0.20
Mean 2.96 3.81 4.77 5.66

* Samples with undetectable CMV were excluded from the analysis.
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three dilutions were not significantly different from ex-
pected values. The absence of a significant “observed”
versus “expected” viral load difference in 3 of the 4
CMV-positive panel members suggests that the viral load
value of the panel members was accurately assigned.
Panel member 0 was negative for CMV DNA, and all
laboratories appropriately reported VL values less than
their lower limit of detection. With the exception of three
laboratories (2, 17 and 19) that failed to detect CMV in the
sample with an expected 500 copies/ml [one of which (2)

also failed to detect CMV at 5000 copies/ml], all other
CMV-positive samples were reported as “CMV detect-
able” by all laboratories.

The relative quantification of CMV DNA, as judged by
the regression line slope of each laboratory’s dilution
curve, showed an R-squared value of �0.99 in 14 labo-
ratories (64%), and �0.97 in all but two laboratories
(91%) (Table 2). Twelve laboratories (55%) had regres-
sion line slopes within 5% of the ideal 1.0 value (0.95 to
1.05), while 9 laboratories (41%) had slopes outside of
the � 10% range (0.9 to 1.1). Assay accuracy, as judged
by bias (mean difference) relative to expected values,
showed that, of the 23 participating laboratories, 13
(57%) reported CMV viral loads that were not significantly
different from expected values. Of the 10 laboratories
with a statistically significant assay bias, six laboratories
consistently reported lower VLs (mean 0.46 logs) and
four laboratories consistently reported higher VLs (mean
0.81 logs) than the expected values. The magnitude of
this assay bias was variable, but was greater than 1-log in
only one laboratory. The significant bias in these 10 lab-
oratories suggests a possible assay accuracy issue,
which would be correctable with a recalibration using
“gold standard” viral load standards (if any were avail-
able). In transplant centers, however, the predominant
clinical application of CMV viral load values is monitoring
the efficacy of anti-viral therapy by confirming a relative
(not absolute) post-therapy decline in viral loads—which
requires only a linear assay, and not necessarily an ac-
curate one. As assay linearity, as judged by the regres-

Table 3. Intra-laboratory Variability of the CMV Viral Load Assay

Laboratory

CMV viral load intra-lab coefficient of variation (CV) (%)

Member 1 Member 2 Member 3 Member 4
2.70 log copies/ml 3.70 log copies/ml 4.70 log copies/ml 5.70 log copies/ml

1 3.85 3.60 2.60 0.96
2 * * 2.74 1.51
3 6.14 5.58 2.37 4.07
4 9.62 2.51 0.30 6.94
5 7.35 4.31 5.07 5.94
6 7.20 6.67 2.81 1.15
7 6.39 1.01 0.85 2.20
8 5.19 2.29 1.70 2.38
9 3.45 3.40 0.64 0.30

10 4.28 2.22 0.95 1.83
11 14.05 0.56 0.95 1.07
12 5.30 12.33 6.67 3.46
13 5.97 1.94 1.89 1.41
14 6.11 3.14 2.11 3.30
15 16.16 1.76 4.02 3.53
16 14.87 8.81 3.52 4.68
17 * 3.27 1.85 2.04
18 2.54 0.53 2.29 2.02
19 * 3.78 11.56 2.71
20 9.16 1.28 3.07 1.07
21 14.35 9.42 4.25 0.25
22 2.88 22.84 2.21 0.72
23 4.50 1.30 0.72 0.62
Average CV (%) 7.47 4.66 2.83 2.35
Mean VL (log) 2.96 3.81 4.77 5.66
95% CI of VL (log) 2.53–3.39 3.46–4.16 4.51–5.03 5.40–5.92
Log Change: 95% CI 0.87 0.70 0.53 0.52
Fold Change: 95% CI 7.4 5.0 3.4 3.3

* Samples with undetectable CMV were excluded from the analysis.
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Figure 1. The mean viral load value for each panel member is shown (thick
horizontal line) and is flanked by error bars (shorter horizontal lines) reflect-
ing 95% confidence intervals. Raw viral load values (n � 343) are also
shown. The best-fit linear regression line (r� 0.9998; slope � 0.90) is shown
as a solid line connecting the four data groups. The dotted diagonal line
reflects equivalence of X- and Y-values.
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sion line slope, was not significantly different in the 10
laboratories with significant assay bias (mean slope �
0.982) as compared with the 13 laboratories without as-
say bias (mean slope � 0.899; P � 0.1), there was no
evidence to suggest that this analytical assay bias would
negatively impact clinical care. Conversely, if clinical de-
cisions, such as when to initiate anti-viral therapy, were
being made based on absolute CMV viral load thresh-
olds, the analytical assay bias in these 10 laboratories
could perhaps be negatively impacting clinical care. The
laboratories with significant assay bias also could not be
distinguished (P � 0.05) from those without assay bias
with respect to any of the three “technical” variables
listed in Table 1 (PCR platform, extraction method, and
calibrator).

As each laboratory tested four independent replicate
samples at each of the four dilutions, intra-assay preci-
sion, as determined by the CV, could be assessed. Pre-
cision data (Table 3) showed that the CV values for each
laboratory, at each dilution level, were heterogeneous,
but averaged 7.47% at 500 copies/ml, 4.66% at 5000
copies/ml, 2.83% at 50,000 copies/ml, and 2.35% at
500,000 copies/ml. Predictably, as with other quantitative
assays, precision progressively worsened at analyte con-
centrations approaching the assay’s lower limit of detec-
tion. These intralaboratory CV values of �2% to 5% (at
VLs above the lower-level detection limit) were used to
calculate a 95% confidence interval for any measured
viral load value that encompassed a 0.52 to 0.70 log (3.3
to fivefold) range (Table 3). From a practical perspective,
this means that within any one laboratory, any two inde-
pendently-determined VL values must differ by more than
3 to fivefold (non-log scale) to be considered statistically
“different” (with 95% confidence). Conversely, VL changes
of less than 3 to fivefold must be interpreted cautiously
and may represent intrinsic analytical assay imprecision
rather than a true biological difference.

Each laboratory-developed test varied with respect to
the PCR platform, extraction method, and calibrators that
were used to measure the CMV viral load. In addition,
laboratories may have optimized the testing systems for
different sample types, such as whole blood or plasma.
The resulting small number of laboratories within each
technical subgroup yielded insufficient statistical power
for definitive conclusions regarding the effects of these
technical variables on assay performance characteris-
tics. Expectedly, with one borderline exception, none of
the three technical variables listed in Table 1 (PCR plat-
form, extraction method, and calibrator) had a detectably
significant effect (P � 0.05) on assay linearity, as mea-
sured by either the slope or the R2 value of the laboratory-
specific regression line. The one possible exception was
a trend toward significantly improved slope (P � 0.08)
and R2 (P � 0.05) parameters for the five laboratories
using calibrators made in-house (mean slope � 1.03;
mean R2 � 0.998) compared with the six laboratories
using the commercially-available plasmid calibrator from
TIB (mean slope � 0.885; mean R2 � 0.980).

Results from this study demonstrated that a heteroge-
neous spectrum of different laboratory-developed CMV
viral load assays maintained linearity with a serial dilution

panel of samples—implying accurate relative quantifica-
tion within each laboratory. However, due to each labo-
ratory developing its own assay parameters and calibra-
tion systems, a substantial minority of laboratories (43%)
generated numeric VLs significantly different from ex-
pected values. The specific technical variables associ-
ated with diagnostic accuracy could not be confidently
ascertained by this small study. The resulting interlabo-
ratory variability of numeric VL values is problematic for
clinical laboratories, as well as for physicians and pa-
tients, particularly when serial CMV monitoring is per-
formed at multiple sites. To better standardize numeric
CMV VL quantification and assist laboratories in calibrat-
ing their diverse laboratory-developed assays, an accu-
rately quantitated, large-volume, stable, widely available
analytic standard material is greatly needed. Plans for
producing such a CMV reference standard have recently
been undertaken by the National Institute of Standards
and Technology.
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