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A quantitative real-time PCR assay was developed to measure human cytomegalovirus (HCMYV) DNA load
in peripheral blood leukocytes (PBLs). The HCMV DNA load in PBLs was normalized by means of the
quantification of a cellular gene (albumin). The results of the real-time PCR assay correlated with those of the

HCMYV pp65-antigenemia assay (P < 0.0001).

Human cytomegalovirus (HCMYV) infection is characterized
by a primary infection leading to a lifelong persistence of the
viral genome. Periodically, the virus reactivates from latency
and recovers its ability to multiply. HCMYV is a major cause of
morbidity and mortality in bone marrow or solid-organ trans-
plant recipients and in AIDS patients. Early diagnosis of
HCMV infection in high-risk patients is essential in order to
start preemptive treatments (3, 13, 15). The detection of the
pp65 antigen in leukocytes is a sensitive method widely used
for the early diagnosis of HCMV infection, but it is labor-
intensive, requires immediate processing, and relies on a sub-
jective interpretation of the slides (1, 7). Qualitative PCR de-
tection of HCMV DNA in leukocytes or plasma is considered
the most sensitive method, but it lacks specificity for the diag-
nosis of HCMV disease (2, 6, 16). Quantification of HCMV
DNA has been proposed to be more specifically associated
with the disease (1, 18). Real-time PCR based on the TagMan
technology (4, 5) provides an accurate means to quantify viral
DNA with the major advantage of avoiding post-PCR handling
that can be the source of DNA carryover. Recent studies re-
port the utility of real-time PCR for the quantification of
HCMYV DNA (9, 11, 12, 14, 17). In these studies, the primers
used for PCR were located in the major immediate-early gene
(12, 14, 17), the US17 gene (9), or the glycoprotein B gene
(17). As suggested by Yun et al., the sensitivity of quantitative
PCR may be dependent on the viral target gene (17); however,
the most appropriate region for amplification has not been
established, as the sequence diversity of clinical isolates re-
mains to be characterized. In the present study, a real-time
PCR assay was developed to quantify HCMV DNA in periph-
eral blood leukocytes (PBLs) using a target sequence located
in the UL83 gene which codes for the lower matrix protein
detected in the pp65 antigenemia test. The HCMV DNA load
in PBLs was normalized by means of the quantification of a
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cellular gene (albumin) and the results were compared to those
of the pp65 antigenemia assay.

DNA extractions were performed in all experiments using
the QIAamp blood kit (QIAGEN S. A., Courtabeeuf, France)
according to the manufacturer’s recommendations, except that
DNA was eluted in 200 pl of distilled water. To amplify
HCMYV DNA, primers and probe were defined in the UL83
region as follows: pp549s (direct primer), 5'-GTCAGCGTTC
GTGTTTCCCA-3'; pp812as (reverse primer), 5'-GGGACAC
AACACCGTAAAGC-3’; and pp770s (fluorogenic probe),
5'FAM-CCCGCAACCCGCAACCCTTCATG-3'TAMRA. No
cross-reactivity was observed when the specificity of the prim-
ers and probe was tested for other human herpes viruses (her-
pes simplex virus types 1 and 2, varicella-zoster virus, human
herpes virus 6, and Epstein-Barr virus) and human fibroblast
DNA (data not shown). The real-time PCRs were carried out
using the TagMan PCR core reagent kit (PE Applied Biosys-
tems, Courtabeeuf, France). Ten microliters of DNA was
added to a PCR mixture containing 1X PCR buffer (10 mM
Tris-HCl [pH 8.3], 50 mM KCl, 6-carboxy-x-rhodamine), 5 mM
MgCl,, 0.2 mM dATP, dCTP, and dGTP, 0.4 mM dUTP, 0.2
mM concentrations of each primer, 0.1 mM fluorogenic probe,
1.25 U of AmpliTaq Gold, and 0.5 U of AmpErase. The PCR
conditions consisted of 1 cycle of 2 min at 50°C and 1 cycle of
10 min at 95°C followed by 45 cycles of 15 s at 95°C and 1 min
at 65°C. The reaction, data acquisition, and analysis were per-
formed using the ABI PRISM 7700 sequence detection system
(PE Applied Biosystems). The number of target copies in the
reaction was deduced from the threshold cycle (C;) values
corresponding to the fractional cycle number at which the
released fluorescence exceeded 20 times the standard devia-
tion of the mean baseline emission. A plasmid containing one
copy of the ULS83 target sequence (pKS-pp65K7) was used as
a standard for HCMV DNA quantification. To construct the
pKS-pp65K7 standard, DNA from the HCMV AD169 strain
was amplified with primers pp549s and pp812as and cloned
into the pBluescript IT KS vector (Stratagene, Amsterdam, The
Netherlands). The concentration of purified pKS-pp65K?7 plas-
mid DNA was determined with a spectrophotometer at 260 nm
and the corresponding copy number was calculated.

To evaluate HCMV DNA quantification on clinical samples,
46 PBL samples that were positive in the pp65 antigenemia
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assay were collected from solid-organ transplant recipients or
AIDS patients. The pp65 antigenemia assay was carried out on
fresh PBL samples using the CINAKit (Argene Biosoft, Varil-
hes, France) following the manufacturer’s instructions. DNA
was extracted from 2 X 10° PBLs isolated from EDTA-treated
blood samples. For each sample, 2 aliquots of DNA, corre-
sponding to 10° cells, were used to quantify HCMV DNA using
the standard curve constructed with pKS-pp65K7. Two other
aliquots were used to quantify the human albumin gene using
primers and probe described by Laurendeau et al. (8) with some
modifications: the forward primer was 5'-GCTGTCATCTCTTG
TGGGCTGT-3', the reverse primer was 5'-AAACTCATGGG
AGCTGCTGGTT-3', and the probe was 5'FAM-CCTGTCAT
GCCCACACAAATCTCTCC-3' TAMRA. The conditions used
to amplify the albumin gene were identical to those used for
HCMYV DNA, allowing both reactions to be carried out simul-
taneously in the same run. The standard curve for quantifica-
tion of the albumin gene was constructed with 10-fold serial
dilutions ranging from 2 X 10° to 20 copies of human genomic
DNA (Roche Molecular Biochemicals, Meylan, France) tested
in triplicate. The normalized value of the HCMV DNA load
was expressed as the number of HCMV copies per 2 X 10°
PBLs calculated as the ratio (HCMV DNA mean copy num-
ber/[albumin DNA mean copy number/2]) X 2 X 10°. This
allowed sample-to-sample variations, which can lead to a mis-
interpretation of the HCMV DNA copy number, to be nor-
malized in terms of cell count, yield of DNA extraction, and
PCR efficiency.

The sensitivity and the intra-assay reproducibility of the real-
time PCR assay were evaluated by using plasmid pKS-pp65K7
(containing one copy of the UL83 target sequence) as a stan-
dard. One copy of the plasmid could be detected in one in five
assays, while 10 plasmid DNA copies were detected with 100%
sensitivity. Thus, the lowest limit for quantification was con-
sidered to be 10 copies of the target sequence. The intra-assay
variation of the C; values was evaluated using five replicates of
plasmid dilutions containing 10°, 10°, 10%, 10°, 10% and 10
copies. The coefficients of variation (CV) were 1.4, 1.9, 0.6, 1.3,
1.1, and 2.5%, respectively. Plasmid pKS-pp65K7 was used to
construct the standard curve for HCMV DNA quantification.
Tenfold serial dilutions ranging from 10° to 10 copies of plas-
mid were tested in triplicate and the C; values were plotted
against the copy number. The linear correlation between the
C, and the logarithm of the DNA copy number was repeatedly
greater than 0.995 (Fig. 1A).

To determine whether the results of HCMV DNA quanti-
fication by real-time PCR were consistent with those obtained
by virus titration in a shell vial assay, serial dilutions of a viral
stock of AD169 with a titer of 7 X 10° infectious foci (FFU)/ml
were quantified with the TagMan assay (Fig. 1B). One FFU
corresponded to about 20 HCMV DNA copies. Moreover, as
shown in Fig. 1, the DNA amplification efficiencies obtained
with AD169 and pKS-pp65K7 were similar (95 and 98%, re-
spectively). This result gave support to the use of plasmid
pKS-pp65K7 as a relevant standard for HCMV DNA quanti-
fication. The interassay reproducibility of the TagMan assay
was evaluated using 3 serial dilutions of the AD169 stock (103,
107, and 10 FFU). For each dilution, four independent DNA
extractions were performed and HCMV DNA was quantified
in four independent TagMan runs. The CV values of the
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FIG. 1. Standard curves for HCMV DNA quantification. (A) Plas-
mid pKS-pp65K7 containing one copy of the UL83 target sequence
was used to construct the standard curve for HCMV DNA quantifi-
cation. Tenfold serial dilutions ranging from 10° to 10 copies of plas-
mid were tested in triplicate and the mean C; values were plotted
against the copy number. The correlation coefficient was 0.997 and the
slope was —3.36. The amplification efficiency, calculated as [10¢/sloPe)
—1] X 100, was 98%. (B) Serial dilutions of HCMV strain AD169
(obtained from a cell culture supernatant with a titer of 7 X 10°
FFU/ml in a shell vial assay) were tested by real-time PCR and the
mean Cy values were plotted against the number of FFU input in the
reaction mixture. The correlation coefficient was 0.999. The slope was
—3.46, corresponding to 95% amplification efficiency.

HCMYV DNA copy numbers were 17, 12, and 21%, respec-
tively, for the 3 dilutions tested.

To evaluate the HCMV DNA TagMan assay on clinical
samples, we tested 46 PBL samples that were positive in the
pp65 antigenemia assay. HCMV DNA quantification in PBL
samples was performed in parallel with the quantification of
the albumin gene in order to determine the amount of cellular
DNA input in each reaction. The mean value of the albumin
gene copy number for the 46 PBL samples tested was 6.2 X 10*
copies (ranging from 7.2 X 107 to 2 X 10° copies). This cor-
responded to a mean DNA extraction yield of 31%, compared
to the theoretical value of 2 X 10° albumin copies expected for
the amount of cellular DNA input in the reaction mixture
(equivalent to 10° cells). Forty-four out of 46 PBL samples
were positive for HCMV DNA with the TagMan assay. For the
44 HCMV DNA-positive samples, the normalized values of the
HCMYV DNA load ranged from 1 to 4.26 X 10° copies per 2 X
10° cells. As shown in Fig. 2, a statistically significant correla-
tion was observed between the HCMV DNA copy number and
the pp65-positive cell number (Spearman rank test; » = 0.657,
P < 0.0001). As the level of HCMV antigenemia is usually
considered to correlate with HCMV disease (1), samples from
patients were classified into three groups according to the
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FIG. 2. Correlation between the HCMV DNA copy number and
the pp65-positive cell number in PBL. HCMV DNA load was quanti-
fied by real-time PCR in 46 PBL samples that were positive in the pp65
antigenemia assay. The copy numbers of HCMV DNA were normal-
ized by means of the quantification of the albumin gene and plotted
against the pp65-positive cell numbers obtained by the antigenemia
assay (pp65 values greater than 200 positive cells per 2 X 10° PBLs
were set to 200). The two samples negative for HCMV DNA were not
figured on this logarithmic graph. The correlation between the HCMV
DNA copy number and the pp65-positive cell number was examined by
the nonparametric Spearman rank test and was found to be significant,
with a correlation coefficient of r = 0.657 (P < 0.0001).

results of the pp65 antigenemia assay. Group 1 (n = 26) cor-
responded to samples with low HCMV antigenemia values
(<10 positive cells/2 X 10° PBLs), group 2 (n = 12) corre-
sponded to moderate values (10 to 50 positive cells/2 X 10°
PBLs), and group 3 (n = 8) corresponded to high values (=100
positive cells/2 X 10° PBLs). As shown in Fig. 3, the high
pp65-positive samples from group 3 had significantly higher
HCMYV DNA copy numbers than the moderate pp65-positive
samples from group 2 (Mann-Whitney U test; P = 0.0002) and
the low pp65-positive samples from group 1 (P < 0.0001). The
HCMYV DNA load values were also significantly different be-
tween groups 1 and 2 (P = 0.0009). The mean HCMV DNA
copy number per 2 X 10° PBLs was 1.8 X 107 (range, 0 to 3.5 X
10?) for group 1 samples, 5.8 X 107 (range, 20 to 2 X 10?) for
group 2, and 1.3 X 10° (range, 8.7 X 10° to 4.6 X 10°) for group
3.

The development of real-time PCR technology is a promis-
ing improvement for the quantification of HCMV DNA in
clinical samples and will be useful for the follow-up of patients
with a high risk of developing HCMV disease. The real-time
PCR assay developed in this study allowed the quantification
of HCMV DNA over a large dynamic range (10 to 10° copies),
as previously reported for other real-time PCR assays (9, 11,
12, 14, 17). The assay was reproducible as indicated by the
intra-assay CV values obtained with the plasmid standard (0.6
to 2.5%) and by the interassay CV values obtained with the
HCMV AD169 strain (12 to 21%). The fact that the evaluation
of interassay reproducibility took into account the DNA ex-
traction step could explain why the CV values were higher than
those (<10%) reported by Nitsche et al. with a quantitative
HCMV DNA TagMan-based assay (12). Because only one
PBL sample was available for each patient, replicates of DNA
extraction and quantification could not be performed in order
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FIG. 3. Comparison of HCMV DNA load with pp65 antigenemia
levels in PBL samples. The HCMV DNA load was quantified by
real-time PCR in 46 PBL samples and compared to the pp65 antigen-
emia level. High pp65-positive samples (=100 positive cells/2 X 10°
PBLs; n = 8) had significantly higher HCMV DNA copy numbers than
the moderate pp65-positive samples (10 to 50 positive cells; n = 12)
and the low pp65-positive samples (<10 positive cells; n = 26). p
indicates the significance of the nonparametric Mann-Whitney U test.
Bars show the mean HCMV DNA copy number and standard error of
the mean for each group.

to determine the CV values for clinical specimens. For such
specimens the DNA extraction step could have a major effect
on the assay’s reproducibility. Indeed, the quantification of the
albumin gene in PBL samples showed a wide range of sample-
to-sample variation in the DNA extraction yield, emphasizing
the need to normalize the HCMYV load values for cell samples
as proposed by others (10). This was achieved by referring the
HCMV copy number not to the initial cell count but to the
actual amount of cellular DNA estimated by quantification of
the albumin gene.

The HCMV DNA copy number in PBL samples determined
with real-time PCR correlated to the pp65-positive cell num-
ber, in agreement with the results of other TagMan-based
assays (9, 14). However, some discrepancies were observed.
First, two samples with low antigenemia pp65 values (2 and 4
positive cells/2 X 10° PBLs) were negative for HCMV DNA.
For both samples, the albumin gene quantification indicated a
poor DNA extraction yield (=10%). Such cases of low DNA
yield should lead to cautious interpretation of negative HCMV
DNA results. It was not possible to retest these two samples
due to insufficient material. Secondly, although 21 out of 26
samples from group 1 (pp65 antigenemia was <10 positive
cells/2 X 10° PBLs) had an HCMV copy number per 2 X 10°
PBLs of less than 100, 4 samples from this group ranged from
101 to 372 copies, and 1 sample had 3.5 X 10* copies. Others
have reported a similar difference between antigenemia and
quantitative PCR results (10, 16), but the clinical significance
of a high HCMV DNA load associated with a low antigenemia
remains to be established.

As for other quantitative PCR techniques, real-time PCR
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applied to the quantification of HCMV DNA needs to be
standardized in order to ameliorate the reproducibility and to
ensure the most accurate follow-up of the patients. The region
of the viral genome which is the most appropriate target for
HCMYV quantitative PCR remains to be determined, and a
comparative evaluation of TagMan assays based on different
HCMYV target genes will be useful for this purpose. Moreover,
the standardization of the technique requires the amplification
of a control (such as a cellular gene) to monitor the efficiency
of the reaction. As the TagMan technology allows multiplex
PCR to be performed by using two fluorogenic probes labeled
with different dyes, the dual quantification of HCMV DNA
and the albumin gene in a single-tube format will be the next
step in the development of our assay.
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