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A cell-based standard was developed to compare the COBAS Amplicor CMV Monitor test, the Hybrid
Capture System CMV DNA test, and the NucliSens CMV test. The standard was prepared by infecting human
foreskin fibroblasts (HFFs) with cytomegalovirus (CMV) strain AD169 at low multiplicity of infection (0.03)
and harvesting the cells at 6 h postinfection. Buffy coat cells were added to produce concentrations of from 0
to 105 HFFs per 106 total cells. Five laboratories performed the Amplicor PCR test and two laboratories
performed the NucliSens and Hybrid Capture tests. The Amplicor PCR test was 1.5 to 2.0 log10 more sensitive
than the Hybrid Capture test. The specificities of the Amplicor PCR and Hybrid Capture tests were 100 and
93.8%, respectively. The linear range of the Amplicor PCR and Hybrid Capture tests were 2 to 4.48 log10 and
3.48 to at least 5.0 log10 CMV target cells, respectively. The standard deviations of the Amplicor PCR and
Hybrid Capture tests varied throughout their linear range, and for both tests the variability was greater for
lower concentrations of input CMV DNA. These data allow the direct comparison of viral load values between
the Amplicor and Hybrid Capture tests. The analytical sensitivity of the NucliSens test could not be determined
by using the 6-h standard, because the low multiplicity of infection and short culture time did not allow for
adequate transcription of pp67 late mRNA measured in the test. Extending the incubation time of the standard
to 24 h increased the analytical sensitivity of the NucliSens test to 3.0 log10 target cells.

Cytomegalovirus (CMV) is an important pathogen in immu-
nosuppressed patients, including persons with AIDS and organ
transplant recipients. The clinical utility of quantitative CMV
DNA tests in managing these patient groups has been well
documented (1, 4, 6, 12–14). In transplant recipients, CMV
load is used to diagnose active CMV disease, screen patients
for the use of preemptive therapy, and monitor the response to
antiviral therapy (1, 4, 6, 11). In patients infected with human
immunodeficiency virus type 1, the risk of developing CMV
disease has been reported to be directly related to the quantity
of CMV DNA in plasma (13, 14).

There are several tests available for detecting and quantify-
ing CMV DNA from clinical samples. The COBAS Amplicor
CMV Monitor test (Roche Diagnostics, Indianapolis, Ind.) is a
DNA PCR test that amplifies a 365-bp region of the CMV
polymerase gene. Using a plasma-based standard, the linear
range of the test is reported to be between 400 and 50,000
copies/ml of plasma (3). The test has been designed for plasma
but can be modified for use with leukocytes or whole blood
specimens. The Hybrid Capture System CMV DNA test (Di-

gene Corp., Gaithersburg, Md.) is a signal amplification
method that uses an RNA probe which targets 17% of the
CMV genome. The target is detected by using antibodies that
specifically bind RNA-DNA hybrids. The test is designed for
whole blood specimens with a linear range of 1,400 to 560,000
copies/ml (17). The availability of commercial tests has been
helpful in standardizing test performance, although neither the
Amplicor PCR nor the quantitative Hybrid Capture tests have
been cleared by the U.S. Food and Drug Administration
(FDA; a qualitative version of the Hybrid Capture test has
been cleared by the FDA). The NucliSens CMV test (bi-
oMérieux, Durham, N.C. [FDA cleared]) is a qualitative RNA
amplification test that detects pp67 mRNA, which is tran-
scribed late in the viral replicative cycle. Since the NucliSens
test is isothermal, it can detect pp67 RNA without interference
of CMV DNA. Patients with active CMV disease express high
levels of pp67 (7), which are not expressed during latent infec-
tion. In addition to these commercially available tests, “labo-
ratory-developed” DNA PCR tests are widely used in clinical
laboratories. The performance of laboratory-developed tests
varies due to differences in specimen type, nucleic acid extrac-
tion method, primers, quantitation standard, and detection
method (16).

There have been a few studies comparing the Amplicor PCR
test to laboratory-developed PCR tests. Comparison of a
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LightCycler PCR test to the Amplicor PCR test showed that
the Amplicor PCR test yielded viral load results that were 1
log10 higher than those of the LightCycler test (9). Comparison
of the Amplicor PCR test with a different laboratory-devel-
oped test showed the viral load values to be 0.5 to 0.7 log10

higher with the laboratory-developed test than with the Am-
plicor PCR test (3). These results underscore the variation in
viral load measurements that are obtained by using different
quantitative tests. To address this problem, we developed a
standard reagent to compare the performance of the Amplicor
PCR test, the Hybrid Capture test, and the NucliSens CMV
test. We chose a cell-based standard for two reasons: first,
CMV is highly cell associated (5, 10) and, second, an infected-
cell standard is the only type that would allow the comparison
of all three tests.

MATERIALS AND METHODS

Cell-based standard. Human foreskin fibroblasts (HFFs) were inoculated with
the CMV laboratory strain AD169 at a multiplicity of infection (MOI) of 0.03.
After a 4-h adsorption period, the inoculum was removed. The monolayer was
washed with phosphate-buffered saline, and fresh medium was added for an
additional 2-h incubation. The 6-h total incubation time was designed to allow
the virus to enter the cells but was short enough to avoid intracellular replication
of CMV. At this low MOI only 3 per 100 target cells would be expected to be
infected with CMV. At 6 h postinfection the HFFs were harvested by trypsiniza-

tion, washed, and counted. The HFFs were diluted with uninfected buffy coat
cells to concentrations of 0 to 105 HFF per 106 total cells. Then, 200-�l aliquots
containing 106 total cells were stored at �70°C until they were tested in the
Amplicor test. The aliquots (200 �l, 106 total cells) for the Hybrid Capture test
were centrifuged (14,000 � g), the supernatant was removed, and the pellets
were stored at �70°C until testing was performed. For the evaluation of the
NucliSens test a second 24-h standard was designed with a 4-h adsorption period,
followed by a 20-h incubation period. Buffy coat cells were added as described
above for the other tests. For the NucliSens test, 200-�l aliquots of the standard
were added to 0.9 ml of NucliSens lysis buffer; the tubes were then rocked for 30
min before storage at �70°C.

Nucleic acid testing. Viral load testing was done by using the COBAS Am-
plicor CMV Monitor Test (Roche Diagnostics) and the Hybrid Capture System
CMV DNA test (version 2.0; Digene Corp.). For the Amplicor test, 200-�l
aliquots of the cell suspensions were added to lysis buffer and tested according to
the manufacturer’s protocol. For the Hybrid Capture test, the pellets from the
200-�l aliquots were resuspended in lysis buffer and tested according to the
manufacturer’s protocol. For the NucliSens test, lysis buffer tubes containing the
200-�l samples were tested according to the manufacturer’s protocol. The results
of the NucliSens test were reported as positive or negative.

Five laboratories performed the Amplicor test, with each laboratory testing
eight replicates of 10 concentrations of the standard containing a range of target
cells from 3 to 105. The Hybrid Capture test was done in two laboratories, each
of which tested two different panels of the standard. The panel consisted of eight
replicates of seven concentrations of the standard, with a range of 100 to 105

target cells. NucliSens testing was performed in two laboratories, with each
laboratory testing a panel that consisted of eight replicates of the same target cell
concentrations used for the Amplicor test.

Statistical analysis. The results of the quantitative tests were log10 trans-
formed for analysis. The linear range was examined by comparison to a 45° line.
Crude within-laboratory standard deviations were tools for detecting departure
from the linear range. One of the Amplicor panels contained four missing
results; these observations were excluded from the analysis. Methods accommo-
dating censored values were used (8) when we calculated the mean copy number
for the Hybrid Capture test at an input concentration of 1,000 target cells
because some replicates had viral load levels below the limit of detection. For the
NucliSens test, one specimen produced an invalid test result and was positive on
repeat testing, this specimen was analyzed as a positive result. Another specimen
had two consecutive invalid results as determined by using the NucliSens test;
this specimen was excluded from analysis.

RESULTS

The Amplicor test was able to detect 50% of replicates with
1.48 log10 (i.e., 30) CMV target cells and reached a sensitivity
of 100% when the input concentration was 2.0 log10 (i.e., 100)
target cells (Table 1). For the Hybrid Capture test, at least 50%
of the replicates were detected when the input CMV concen-
tration was 3.0 log10 (i.e., 1,000) target cells, 97% of replicates
were detected at 3.48 log10 (i.e., 3,000) target cells, and the
sensitivity was 100% at an input concentration of 4.0 log10 (i.e.,

TABLE 1. Results of Amplicor and Hybrid Capture testing

Quantitation panel
input concn of CMV

target cells
Quantitative Amplicor Quantitative Hybrid Capture

Copies
(log10) Copies (no.) �400 CPa �400 CPb BLDc �675 CPd �675 CPe BLDc

0 0 0 0 40 0 2 30
0.48 3 0 0 40
1.00 10 5 3 28
1.48 30 19 7 14
2.00 100 40 0 0 0 3 29
2.48 300 40 0 0 6 4 22
3.00 1,000 40 0 0 12 5 15
3.48 3,000 40 0 0 31 0 1
4.00 10,000 40 0 0 32 0 0
4.48 30,000 40 0 0 32 0 0
5.00 100,000 39 0 1 32 0 0

a CP, CMV DNA copies/5 � 106 cells.
b �400 CP, viral load detected but �400 CMV DNA copies/5 � 106 cells.
c BLD, below the limit of detection.
d CP, CMV DNA copies/106 cells.
e �675 CP, viral load detected but �675 CMV DNA copies/106 cells.

TABLE 2. Mean results of the Amplicor and Hybrid Capture testing

Quantitation panel input concn
of CMV target cells

Quantitative Amplicor (CMV DNA copies/
106 cells)a

Quantitative Hybrid Capture (CMV DNA copies/
106 cells)a

Copies
(log10) Copies (no.) Mean Mean

(log10)
SD

(log10) Mean Mean
(log10)

SD
(log10)

2.00 100 200 2.310 0.21
2.48 300 1,600 3.211 0.28
3.00 1,000 2,600 3.414 0.25 450 2.655 0.65
3.48 3,000 7,500 3.875 0.19 4,100 3.613 0.38
4.00 10,000 14,500 4.162 0.15 12,500 4.096 0.21
4.48 30,000 35,100 4.546 0.10 65,300 4.815 0.19
5.00 100,000 35,600b 4.551 0.11c 69,300 4.840 0.17

a Numbers are expressed as the geometric mean from all labs.
b Including the outlier, the mean would be 31,300 copies/106 cells or 4.496 log10 copies/ml.
c Including the outlier, the standard deviation would be 0.37 log10.
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10,000) target cells. The specificity of the Amplicor test was
100%, whereas the specificity of the Hybrid Capture test was
93.8% (Table 1).

The means and standard deviations of the viral load values
from all laboratories are shown in Table 2 by input CMV target
cell concentration. One replicate with an input concentration
of 5.0 log10 CMV target cells was found to contain no virus
when tested in the Amplicor PCR test. When this outlier was
included in the calculation of the mean and standard deviation
(a value of 2.3 log10 [i.e., 200] was used), the mean viral load
was 4.496 log10 copies/106 cells with a standard deviation of
0.37 log10 copies/106 cells. When this value was excluded from
the calculation, the mean was 4.55 log10 copies/106, and the
standard deviation was 0.11 log10 copies/106 cells. We felt that
the outlier with no viral load detected was due to a technical
error either in preparing the standard or in performing the
viral load testing. Further discussions of the test performance
refer to the values obtained with the outlier excluded, since the
underlying results of the study are unchanged by the exclusion.

The linear range of the Amplicor test was 2.0 to 4.48 log10

(i.e., 100 to 30,000) CMV target cells, whereas the Hybrid
Capture test was linear, with results from 3.48 to at least 5.0
log10 (i.e., 3,000 to at least 100,000) CMV target cells (Fig. 1).
We did not test a high enough concentration of target cells to
determine the upper limit of the linear range of the Hybrid
Capture test. For concentrations of CMV target DNA that
were within the linear range of both tests (3.48, 4.0, and 4.48
log10), the viral load values were within twofold.

The standard deviations of the tests varied throughout their
linear ranges. The standard deviation of the Amplicor PCR
test ranged from 0.10 to 0.37 log10 CMV copies/106 cells. When
the outlier at 5.0 log10 target cells was excluded, the standard
deviation ranged from 0.10 to 0.28 log10 CMV copies/106 cells
(Fig. 2). The standard deviation was higher at lower input
concentrations. Similarly, for the Hybrid Capture tests, more
variability was observed for the lower concentrations of CMV
DNA compared to the higher concentration, with standard
deviations ranging from 0.17 to 0.65 log10 CMV copies/106

cells (Fig. 2). A standard deviation of 0.15 log10 is used by the
Virology Quality Assessment Laboratory program to ensure
that a laboratory could maintain the precision required to have
90% power to detect a fivefold (0.69 log10) difference in copy
number between two samples in the same batch (18). Based on
these data, overall changes in viral load measured in the Am-
plicor and Hybrid Capture tests need to meet or exceed five-
fold (0.69 log10 copies) to be interpreted as clinically signifi-
cant, particularly at the lower end of these tests.

Qualitative results obtained with the NucliSens test are
shown in Table 3. At input concentrations of between 3.0 and
3.5 log10, 50% of the replicates could be detected, with the
analytical sensitivity reaching 100% at 4.5 log10 CMV target
cells. This low level of sensitivity is probably due to the manner
in which the cell standard was designed. A low MOI (0.03) and
short time of culture (6 h) were used in an effort to have each
infected HFF contain �1 copy of CMV DNA, although at this
low MOI not every cell is infected. However, the short period
of infection would predict that the late mRNA (pp67) mea-
sured in the NucliSens test was only transcribed at very low
levels. To further evaluate this, we repeated the infection in-
cubating for 6 and 24 h, with the assumption that the longer

culture time would allow for more expression of pp67 mRNA.
Replicates of 100 and 1,000 input target cells from the 6- and
24-h standards were tested in the NucliSens test in two labo-
ratories (Table 4). A greater number of replicates were posi-
tive at both input concentrations (100 and 1,000 cells) with the
24-h standard than with the 6-h standard. Based on these
findings we concluded that the analytical sensitivity of the
NucliSens test could not be accurately determined with the 6-h
standard used to assess the Amplicor and Hybrid Capture
tests.

DISCUSSION

Quantitative CMV DNA tests are being used with increasing
frequency in the management of CMV disease in human im-
munodeficiency virus type 1-infected patients and in transplant
recipients. Although two commercial quantitative tests are
available (the Amplicor Monitor CMV and Hybrid Capture
tests), many laboratories prefer to use laboratory-developed
tests. The use of these different tests complicates the interpre-

FIG. 1. Plot of the mean log10 CMV DNA copy number versus the
input concentration of the quantitation standard for the Amplicor
PCR test (A) and Hybrid Capture test (B). The open circle in panel A
represents the mean with the outlier excluded.
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tation of studies because viral load levels among the different
tests are not always comparable. To address this problem, our
study compares the sensitivity, specificity, linear range, and
variation over a linear range of the Amplicor PCR and Hybrid
Capture tests based on a cell-based standard. To our knowl-
edge, this is the first reported evaluation of these tests using
the same standard specimen type. Our results show that the
Amplicor PCR test is 1.5 to 2.0 log10 more sensitive than the
Hybrid Capture test. Whether the increased analytical sensi-
tivity seen for the Amplicor PCR test versus the Hybrid Cap-
ture test is clinically significant requires further investigation.
The linear range of the Amplicor test was limited to 2.5 log10

(2.0 to 4.5 log10), whereas the full extent of the linear range of
the Hybrid Capture test could not be evaluated because we did
not test input a DNA concentration greater than 5.0 log10

target cells. Based on our data, the upper linear range exceeds
that of the Amplicor test by at least 0.5 log10. For concentra-
tions of CMV target DNA that were within the linear range of

both tests, the viral load values were remarkably similar, i.e.,
within twofold (0.12 log10). These data were very useful when
the results of both tests were compared by using whole blood
specimens. However, the Amplicor PCR test as formulated by
the manufacturer and as performed in most laboratories uses
plasma specimens. The data presented here do not provide
information on how values compare when the viral load is
measured in plasma specimens with the Amplicor PCR test
and in whole-blood specimens with the Hybrid Capture test.
The viral load has been shown to be higher in polymorphonu-
clear leukocytes than in plasma (2, 5, 10). A recent study
compared viral loads obtained by using plasma specimens in
the Amplicor PCR test and whole-blood specimens in the
Hybrid Capture test (15). At the lower limit of detection of the
Amplicor PCR test (2.60 log10 copies/ml, 400 copies/ml), the
corresponding Hybrid Capture measurements were 1.2 to 1.3
log10 higher in numerical value than the Amplicor PCR value
(3.86 log10 or 7,244 genomes/ml). When the Amplicor PCR
viral load was 5.0 log10 copies/ml of plasma, the corresponding
measurement by the Hybrid Capture test was 5.23 log10 or
169,000 genomes/ml of whole blood.

The variation in viral load values was greater overall for the
Hybrid Capture test than that seen with the Amplicor PCR
test. For both tests, the standard deviation was greater at lower
concentrations of input CMV DNA. Based on our data,
changes in viral load observed with the Amplicor PCR test will
need to meet or exceed fivefold (0.69 log10) to represent a
biologically significant change in viral replication. The 5-fold
difference will apply at viral load values of greater than �3.5
log10 (�3,200 copies/ml), whereas a �5-fold difference will
apply for values of �3.5 log10. For the Hybrid capture test,
changes in viral load at the lower end of the test (�3.6 log10,
�4,000 copies) may need to approach 10-fold to be considered

FIG. 2. Plot of the standard deviations of the log10 CMV DNA
copy number versus the input concentration of the quantitation stan-
dard for the Amplicor test (A) and Hybrid Capture test (B). The value
indicated by the asterisk represents the standard deviation with the
outlier excluded.

TABLE 3. Results of NucliSens testing

Quantitation panel input
concn of CMV target cells No. positive/no.

negative % Positive
Copies
(log10) Copies (no.)

0 0 0/16 0
0.48 3 0/15 0
1.00 10 2/14 13
1.48 30 0/16 0
2.00 100 3/13 23
2.48 300 3/13 23
3.00 1,000 3/13 23
3.48 3,000 11/5 69
4.00 10,000 13/3 81
4.48 30,000 16/0 100
5.00 100,000 16/0 100

TABLE 4. Comparison of 6- and 24-h standards with the
NucliSens assay

No. of
cells

No. of positive
samples at 6
h/total no.

No. of positive
samples at 24

h/total no.

100 2/26 13/26
1,000 10/16 16/16
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a biologically significant change in viral replication; for values
greater than 4.0 log10, a fivefold change in viral load will likely
be clinically relevant.

The analytical sensitivity of the qualitative NucliSens test
could not be determined by using our cell based standard. It
appears the low MOI and short culture time (6 h) did not allow
for adequate transcription of pp67, the late mRNA measured
in the test. This interpretation is supported by the results of our
comparison of standards made by culturing cells for either 6 or
24 h because a greater number of replicates of standards con-
taining 100 or 1,000 cells were detected after 24 h of infection
compared to 6 h. Developing a standard to compare the quan-
titative CMV DNA tests and the NucliSens test will be chal-
lenging because the biologic basis of the tests differs. We would
expect even greater amounts of late mRNA transcripts if a
longer incubation period were used, i.e., 96 h. Under these
conditions, it is likely that the sensitivity of the NucliSens test
would increase above that of the 24-h standard.

Of the 176 samples tested in the NucliSens assay, 2 (1.1%)
gave an invalid result, which is in close agreement to the invalid
rate reported in a previous study (�0.5%) (4). There were no
invalid results with the Hybrid Capture or Amplicor assays.

Both the Amplicor PCR and Hybrid Capture tests are tech-
nically straightforward to perform. The Amplicor test is more
sensitive and specific than the Hybrid Capture test, but the
Hybrid Capture test remains linear at higher concentrations of
CMV target cells. In spite of differences between test perfor-
mance, the values obtained with both tests are within twofold
with the cell-based standard. For both tests, it is important to
avoid overinterpretation of small changes in viral load, partic-
ularly near the limits of detection of the tests. However, studies
have shown that both the Amplicor and the Hybrid Capture
tests are useful in monitoring viral load changes in response to
therapy (1, 4, 12).

In the present study, we developed the first cell-based stan-
dard for CMV quantitation, and we used this standard for
direct comparison of the quantitative Amplicor PCR and Hy-
brid Capture tests. In extending the study to include the qual-
itative NucliSens test, we were able to demonstrate that the
biological properties of this test based on late mRNA tran-
scription differ from the two quantitative DNA tests. It is very
important to consider this last point in assessing clinical studies
that compare these different tests.
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