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After bone marrow (BM) or solid-organ (SO)
transplantation viremic Cytomegalovirus (CMV)
infection is observed frequently. Quantitative
assay of CMV in blood helps the management
of this clinical condition. In the present report, 83
samples from 39 solid organ recipients, three
CMV assays were compared simultaneously for
the first time: the Nuclisens CMV pp67 assay
(nucleic acid sequence-based amplification,
NASBA), an ‘‘in-house’’ quantitative real-time
PCR assay (TaqMan) for CMV DNA, and pp65
antigenemia. The relation between CMV DNA
and pp65 antigenemia, the quantitative assays,
was evaluated on a larger group including 251
blood samples from 118 solid organ reci-
pients. Real-time PCR provided the best results;
�130 CMV DNA copies/2� 105 peripheral blood
leukocytes (PBLs) predicted �1 pp65 antigen
positive (Agþ) cell/2�105 PBLs. By taking pp65
antigenemia as the ‘‘gold standard,’’ the sensi-
tivity of CMV DNA quantitation and of the pp67
RNAassaywere 0.95 and0.20, respectively,while
the corresponding specificity values were 0.50
and 0.93. When real-time PCR was considered as
the ‘‘gold standard,’’ the sensitivity and specifi-
city of the pp65 antigenemia were 0.65 and 0.91,
respectively. Among the three tests examined,
the sensitivity of the pp67 RNA assay was the
lowest. On the other hand, the pp67 RNA assay
was highly specific and effective in pinpointing
high viremia patients. The present report, by pro-
viding predictive values for all three diagnostic
profiles, DNA load, antigenemia, and pp67RNA,
is a contribution for validation of real-timePCR as
a new standard for quantitative assessment of
CMV viremia in clinical settings. J. Med. Virol.
74:78–84, 2004. � 2004 Wiley-Liss, Inc.
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INTRODUCTION

Cytomegalovirus (CMV) is an opportunistic pathogen
that complicates the care of immunocompromised
patients. CMV infection is common because the virus
can infect patients denovo, by reactivating from latency,
or by reinfection events after a primary episode. After
bone marrow (BM) or solid-organ (SO) transplanta-
tion, viremic CMV infection is frequently observed.
Ganciclovir (GCV) prophylactic treatment will reduce
the incidence of CMV disease during the first 100 days
after transplantation. Disadvantages of chemoprophy-
laxis are GCV toxicity, selection of resistant viral
variants, and possible late recurrence of CMV disease
after treatment interruption [Pass, 2001]. An alterna-
tive approach to prevent CMV disease is pre-emptive
GCV therapy, based on sentinel monitoring of CMV
replication. Quantitative detection of CMV in blood
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helps in managing pre-emptive therapy [Emery et al.,
2000].Until now, thismeasurement has beenperformed
by pp65 antigen immunofluorescent assay (pp65 anti-
genemia) on peripheral blood leukocytes (PBLs). In
order to start the pre-emptive treatment, accepted
thresholds are 10 pp65 antigen positive (Agþ) cells/2�
105 PBLs after solid organ transplantation, 1–2 pp65
Agþ cells after BM transplantation [Halwachs et al.,
1993; Locatelli et al., 1994]. A higher threshold of
50 pp65 Agþ cells was also advocated to instigate pre-
emptive antiviral treatment of solid organ transplant
recipients [Gerna et al., 1991].

Amore recent approach tomeasureCMVload consists
in PCR detection and quantitation of the CMV genome.
Thresholds, which predict CMV disease, have still to
be defined for these assays [Emery et al., 2000].
Nevertheless, a reduction in CMV disease, lesser use
of antiviral drugs, and an improved survival were ob-
tained with pre-emptive therapy guided by PCR screen-
ing [Einsele et al., 1995]. A significant advance in PCR
was the development of homogeneous assays for real-
time fluorescence detection of PCR-amplified products
in a closed-tube format. An example is TaqMan; whose
diagnostic application has been expanding rapidly
[Schweitzer and Kingsmore, 2001].

Viral antigen detection and molecular DNA as-
says, however, are not entirely satisfactory for assessing
CMV replication [Gerna et al., 1998] and for predicting
the onset of CMV disease. The detection of RNA
transcripts of viral origin has the potential of discrimi-
nating between latent and replicating/cytolytic CMV
pool in vivo. Indeed, late transcripts might reflect
objectively active CMV replication with clinical and
prognostic involvement. Detection of late mRNA by
reverse transcription polymerase chain reaction (RT-
PCR) proved to bemore specific, although less sensitive,
than DNA PCR for the diagnosis of acute CMV disease
[Gotzlan et al., 1993]. Recently, a technique for the
detection of late pp67 mRNA by direct isothermal
nucleic acid sequence-based amplification (NASBA)
was developed. NASBA screening was shown as an
efficient tool both for predicting development of CMV
disease [Blok et al., 1998] and for deciding when to start
or terminate pre-emptive therapy in BM recipients
[Gerna et al., 1999]. In this context, however, whereas
pp65 antigenemia (sensitivity 50%, specificity 89%) and
DNA blood PCR (sensitivity 69%, specificity 75%) were
accurate, late pp67 mRNA NASBA showed high speci-
ficity (90%) but low sensitivity (13%) in human immu-
nodeficiency virus (HIV)-infected patients [Blank et al.,
2000].

In the present study, an assessment was made of the
diagnostic power of a home-made quantitative real-time
PCR assay of CMV DNA in comparison and correlation
with pp67 mRNA assay and pp65 antigenemia on a
group of blood samples from solid organ transplant
recipients. The sample collection was extended further
for a greater accuracy in the analysis of the relation
between the two quantitative assays, CMV DNA and
pp65 antigenemia.

MATERIALS AND METHODS

Patients and Samples

Blood samples were collected from SO transplant
recipients during the period January 2000–December
2001. The first 83 samples obtained from 39 patients
were submitted to quantitative real-time PCR assay of
CMV DNA, pp67 mRNA assay, and pp65 antigenemia
since we wanted to have a preliminary appreciation of
the discriminating diagnostic power of the three tests.
These patients had a liver transplant in 7 instances,
heart in 7, kidney in 22, lung in 3.

For a greater accuracy, the relation between the two
quantitative tests, CMV DNA viral load and pp65 anti-
genemia, was evaluated on a larger group of data. This
was done by enrolling the following 79 SO transplant
recipients (16 liver, 12 heart, 48 kidney, and 3 lung
recipients), thus obtaining additional 168 samples.
Therefore, a total of 251 samples from 118 patients were
included for this purpose.

CMV DNA Assay

Leukocytes (106), obtained from peripheral blood of
patients, were incubated in 250 ml lysate buffer
(0.1% Triton X-100, 0.1% SDS, 20 mg/ml proteinase K,
Tris-HCl 10mM-EDTA1mM)at 568C for 1hr andboiled
for 10 min. Quantitative PCR testing was performed on
5 ml aliquots.

CMV DNA was assayed by an original ‘‘in-house’’
quantitative real-time PCR. The method was based on
real-time detection of accumulated fluorescence (Taq-
Man). The target gene was UL122 (IE2 exon 4). Real-
time PCR primers and probe for CMV were selected
using Primer-Express software (Applied Biosystems,
Foster City, CA). The forward (CM-5T) and reverse
(CM-3T) primer sequences were TCATCCACACT-
AGGAGAGCAGACT and GCCAAGCGGCCTCTGAT,
respectively. The probe ACTGGGCAAAGACCTTCAT-
GCAGATCTC contains a fluorescent reporter dye
(6-carboxyfluorescein, FAM) at the 50-end and a fluor-
escent quencher dye (6-carboxy-tetramethyl-rhoda-
mine, TAMRA) at the 30-end. A 137-bp fragment was
amplified. The extracted DNA was assayed with the
sequence detector system (ABI PRISM 7700) in 50 ml of
PCR mixture containing 25 ml TaqMan Universal
Master Mix, 15 pmol of each primer and 10 pmol of
probe. Thermal cycling conditions were 508C for 2 min,
958C for 10min and then 40 cycles of 958C for 15 sec and
608C for 1 min.

A 137-bp PCR fragment, amplified from a CMV
positive specimen with CM-5T and CM-3T primers,
was ligated into the pCR2.1 vector (TA-cloning Kit,
Invitrogen, Carlsbad, CA) according to the manufac-
turer’s instruction. The resulting plasmid, pTA-CMV,
was quantified accurately by evaluation with a fluori-
metric Picogreen method and a serial dilution was used
as a reference for CMV quantification. A six-point
standard curve was made by serial dilution (from
5� 106 to 50 copies) of pTA-CMV into a genomic DNA
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solution (0.05 mg/ml) derived from a CMV-seronegative
donor. This standard curve showed a linear course
throughout the mentioned limits. The detection thresh-
old was 10 genomic copies/reaction. All standard curve
points were done as duplicate assays. For each couple of
observed readings O1 and O2, the ratio (O1-O2)/E was
calculated,whereEwas the expected reading. Intra-test
variabilitywasdefined as the standarddeviation of ratio
(O1-O2)/E, andnever exceeded 10%.The sensitivitywas
evaluated by comparison with an ‘‘in house’’ quan-
titative competitivePCR.The specificitywas 100%,with
no crossreaction being observed with other human
Herpesviridae.
TheCMVgenomic copynumber of the clinical samples

was calculated automatically by 7700 ABI PRISM
SDS software and then expressed as copy number/
2� 105 PBLs. The number of cells present in the PCR
mix, predetermined by cell counting, was confirmed
by real-time quantitative PCR amplification of a
b-globin sequence gene (81-bp amplicon) by forward
(AGGGCCTCACCACCAACTT) and reverse (GCACCT-
GACTCCTGAGGAGAA) primers and 6-FAM-ATC-
CACGTTCACCTTGCCCCACA-TAMRA as probe. A
standard curve for the b-globin gene amplicon was also
made in the samewayas for theCMVtarget gene.A192-
bp PCR product, generated by the forward primer
ACACAACTGTGTTCACTAGC (named pCO3) and
the reverse primer GGAAAATAGACCAATAGGCAG
(named pGH-21), was ligated into the pCR2.1 vector.
The resulting construct was named pBGL and was used
as positive standard.
The human genomic b-globin DNA amplification, run

in parallel for each sample with the same amount of
extracted DNA (5 ml) and identical thermal cycling
conditions, assessed the absence of PCR inhibitors as
well. Each sample was processed and assayed in
duplicate.

pp65 Antigenemia and NASBA
pp67 RNA Assay

The pp65 antigenemia assays were done by standard
procedures and expressed as number of pp65 Agþ cells/
2� 105 PBLs. The reagents for indirect immunofluores-
cence were monoclonal blend anti-Human Cytomegalo-
virus pp65 CINApool 1C3 AYM-1 (Argene Biosoft,
Varilhes, France) and sheep anti-mouse IgG-FITC
(Bio-Rad, Marnes-la-Coquettes, France).
TheNuclisensCMVpp67 assay (NASBAmethod)was

carried out according to the manufacturer’s instruction
(Organon Teknika, Boxtel, The Netherlands).

Statistical Analysis

The intrinsic accuracy of the standard curve per-
formed routinely in each session of real-timeCMVassay
wasevaluatedwith theparametricLin’s test [Lin, 2000].
Thediagnostic accuracy of the three diagnostic testswas
assessed by calculating proper diagnostic accuracy
indexes; the data were evaluated as categorical. The
ROC method was applied using pp65 antigenemia as a

gold standard. The correlation between the three tests
was evaluated by multiple regression.

In order to obtain a surrogate of a clinical end point, a
latent class cluster analysis was made. This method
identifies the clusters of cases sharing similar clinical
characteristics, by performing a probability-based clas-
sification. The package Latent GOLD 2.0 (Statistical
Innovations, Inc., Belmont, MA) was used. For this
purpose, the size rank of the quantitative data (pp65
antigenemia, CMV DNA) was used after log10 trans-
formation, and by truncating the decimal digits. Nega-
tive results (absent signal) were arbitrarily set to �1.
Nuclisens pp67 RNA assay outcome was set to ‘‘0’’
(negative) or ‘‘1’’ (positive).

RESULTS

The internal accuracy of CMV DNA assay was con-
firmed routinely by the Lin’s test. Indeed, the concord-
ance correlation coefficient was always close to the ideal
value of 1.

The correlation between CMV DNA viral load,
assessed by the real-time PCR method, and the
present-time quantitative gold standard, pp65 antige-
nemia, was evaluated by the ROC curve method on
251 blood samples. In detail, �130 DNA copies/
2�105 PBLs predicted �1 pp65 Agþ cell/2�105 PBLs,
�799 DNA copies predicted �10 pp65 Agþ cells,
�7,872DNAcopies predicted�50 pp65Agþ cells. These
data are plotted in Figure 1.

The diagnostic accuracy indexes of both CMV DNA
assay and Nuclisens CMV pp67 assay are shown in
Table I, where the data are evaluated as categorical. In
the upper part of the table, pp65 antigenemia is adopted
as the gold standard. The specificity of pp67RNA is good
(0.93), but the sensitivity is very low (0.20). The sensi-
tivity of real-time PCR is high (0.95). The apparent low
specificity (0.50) of this assay can be explained pre-
sumably by its sensitivity, intrinsically higher than that
of the reference test (i.e., most apparent false positives
could be true positives). As a beyond chance measure

Fig. 1. Relation between pp65 antigenemia and quantitative CMV
DNA assay. Since the relation was not linear, the points were
calculated by means of a non-parametric, distribution-independent
approach, the ROC curvemethod. This was obtained by setting various
breakpoints for the pp65 Agþ cell/2� 105 peripheral blood leukocytes:
1, 2, 5, 10, 20, 50, 100, and 500.
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of agreement, the Cohen’s kappa coefficient is used
[Cohen, 1960]. For comparison, the same indexes are
also evaluated onpp65antigenemia andNuclisensCMV
pp67 assay by taking the real-time CMV DNA assay as
the gold standard, instead of pp65 antigenemia (lower
part of the table).

The ROC method was also used to compare the
diagnostic accuracy of quantitative CMV DNA to that
of pp67 RNA detection. Again, the ‘‘gold standard’’ was
pp65 antigenemia. When the break-point for this test
was set to �1 pp65 Agþ cell/2� 105 PBLs, the areas
under the curve were 0.87 for CMV DNA and 0.54 for
pp67 RNA (P-value <10�6). The difference in diag-
nostic accuracy was evident (Fig. 2). However, when
viremia was high (in cases with �50 pp65 Agþ cells/
2�105 PBLs), the accuracy of pp67 RNA was much
better (Fig. 3). At this level, no significant difference in
accuracy between quantitative CMV DNA and pp67
RNA assay was detectable.

When the cases were grouped according to the pp67
RNA detection, the presence of pp67 RNA predicted
higher pp65 expression and higher CMV genomic

copy levels in a significant way (MANOVA, P-value
6.29�10�9).

The multiple regression analysis demonstrated a
significant correlation among the three tests (P-value<
0.000001, R-squared¼ 0.5090). However, the Ramsey
regression specification error test (RESET) for omitted
variables [Ramsey, 1969] was significant (P-value¼
0.0009). Moreover, an interaction between pp67 RNA
and genomic viral load (P-value¼ 0.001) was detected.
This interaction implies a different slope for the
regression line between pp65 antigenemia and CMV
DNA in relation to the outcome of the pp67 RNA test.
Namely, when pp67 was positive, the line was steeper
(Fig. 4). The difference between the slopes was signi-
ficant (P-value¼0.0014). As a consequence, when the
pp67 RNA test was positive, the ratio between CMV
DNA copy number and pp65 Agþ cell number was, on
the average, 89:1 (95%CI 23–155:1), whereas, when the
pp67 RNA test was negative, this value was 209:1 (95%
CI 173–244:1).

A latent class cluster analysis was made. A three-
clustermodelwas found suitable for datafitting.Cluster
1 included CMV non-viremic or very low-viremic cases,
cluster 2 contained low–moderate level viremia pa-
tients, and cluster 3 referred to high viral load infections

TABLE I. Diagnostic Accuracy Indexes

Sensitivity Specificity Kappa P-value

Gold standard: pp65 antigenemia
Real-time PCR 0.95 0.50 0.45 0.0000
pp67 RNA 0.20 0.93 0.12 0.0483

Gold standard: real-time PCR
pp65 antigenemia 0.65 0.91 0.45 0.0000
pp67 RNA 0.18 1.00 0.11 0.0137

Upper part of the table: Diagnostic accuracy indexes of CMV quantitation by real-time PCR and of
Nuclisens CMV pp67 assay if pp65 antigenemia is used as reference test (gold standard). Lower part of the
table: Diagnostic accuracy indexes of pp65 antigenemia and of Nuclisens CMVpp67 assay if CMV genomic
quantitation by real-time PCR is adopted as gold standard. Kappa is themeasure of agreement of each test
with the gold standard; P-value refers to kappa (null hypothesis: k¼ 0).

Fig. 2. Comparative evaluation of real-time PCR for CMV DNA and
of pp67 RNA assay by the ROC curve method. The gold standard is the
pp65 antigenemia (�1 pp65 antigen positive cell/2� 105 PBLs). The
area under the curve provides an estimation of the diagnostic accuracy.
Real-timePCR (circle) performsbetter than the othermethod (triangle)
in predicting the outcome of the pp65antigenemiawhen the breakpoint
is �1 positive cell/2� 105 PBLs (P-value<10�6).

Fig. 3. Comparative evaluation of real-time PCR for CMVDNA and
of pp67RNAassay by theROCcurvemethod. By setting the breakpoint
for pp65 at �50 positive cells/2�105 PBLs, the accuracy of pp67 RNA
assay proves comparable to that of real-time PCR.
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(Fig. 5). In Table II, the combined predictive value of the
three tests is shown as probability for each diagnostic
profile to belong to a definite cluster. The modal column
indicates the mode, that is, the cluster with the highest
probability (1 for cluster 1, and so on). Clearly, cluster 1
(44 cases) includes patients with no infection or very low
CMVviremia, cluster 2 (24 cases) includes patientswith
low to intermediate viremia, and cluster 3 (15 cases)
includes highly viremic patients.

DISCUSSION

AfterBMor solid organ transplantation, viremicCMV
infection is observed frequently. Quantitative detection

of CMV in blood is mandatory in managing the patient.
To date, this task has been fulfilled by pp65 antigene-
mia. The pp65 antigen is a structural (late) protein, the
lower matrix phosphoprotein. It is detected by a mono-
clonal antibody in the PBLs. This method is time-
consuming, labor-intensive and requires skilled opera-
tors. The interval between sampling and processing
must be <3 hr. False negative results may occur in
neutropenic patients. False positive results, in some
cases, can reflect late phagocytosis by PBLs.

Real-timePCRhas practical advantages. The interval
between sampling and processing may be long. The cost
of each PCR is low because consumables are relatively
cheap. After DNA extraction, results are obtained in 1–
2hr.Theuse of a closed system impliesno chanceof cross
contaminationwithpreviousPCRproducts. Themethod
is non-subjective in reading and automated. The
dynamic range of quantitation is wide (7–8 logarithmic
decades), the technical sensitivity is high (<5 copies) as
it is the quantitative precision. Together with low turn-
around times and decreased costs, these aspects have
revolutionized the field of molecular diagnostics, enabl-
ing a shift toward a high-throughput and automated
technology [Bustin, 2000; Klein, 2002]. Quantitative
real-timePCR is probably superior to pp65antigenemia,
and its use in this field could represent a progress,
particularly in a setting where immunosuppression is
severe, as in BM transplant.

The present report is a contribution to validation of
real-time PCR as a new standard for quantitative asses-
sment of CMV viremia in a clinical setting. This was
accomplished through a correlative investigation invol-
ving pp65 antigenemia and pp67 RNA assay. As a
surrogate of a clinical endpoint, the latent class analysis
provided clear predictive values for the combination of
the three tests. Every threefold eventual outcome of the
diagnostic triadwas linked to a probability to belong to a
definite cluster (highly viremic, low viremic, or non-
viremic) of implicit clinical relevance.

Extending a preliminary report [Mengoli et al., 2001],
a threshold of 1 pp65 antigen positive cell/2� 105 PBLs
appeared to correspond to 130 CMV genomes/2�
105 PBLs, as detected by real-time PCR. This result
can be compared to that obtained by Li et al. [2003],
although different biological materials (whole blood
instead of PBLs) were used. Indeed, Li et al. proposed
the CMV viral load of 1,000 copies/ml of blood as
corresponding to 1 to 2 pp65 Agþ/2� 105 PBLs. The
superior sensitivity of real-time CMV quantitation with
respect to pp65Ag assay is evident from our data (Fig. 1,
Table I) confirming a recent report [Leruez-Ville et al.,
2003].

Assessment of CMV mRNA represents the biological
link between presence of CMV genome and CMV gene
expression. A diagnostic approach at this level has the
potential of better distinguishing between active viral
replication leading to disease and latent infection.
Several recent studies report comparative evaluation
of pp65 antigenemia, molecular detection of CMV
genome, and pp67 RNA byNASBA in a clinical environ-

Fig. 4. Linear regression test betweenpp65antigenemia (y-line) and
CMVDNA (x-line). Data are log10-transformed. If the pp67 RNA test is
positive, the line is steeper. The difference between the slopes is
significant (P-value¼ 0.0014).

Fig. 5. Tri-plot of the three-cluster model. Quantitative data (pp65
antigenemia, CMV DNA) have been transformed to log10 and rounded
by truncating the decimal digits; negative results (zero results) have
been arbitrarily set to �1. Circles indicate pp65 antigenemia, where
‘‘�1’’ means negative result, ‘‘0’’ refers to the range 1–9, ‘‘1’’ refers to
10–99, ‘‘2’’ refers to 100–999. The scale of CMV DNA (diamonds)
extends to level ‘‘3’’ (1,000–9,999) and ‘‘4’’ (10,000–99,999). A broken
line connects CMVDNA levels. Nuclisens pp67 RNA assay is indicated
by crosses (negative¼ ‘‘0’’, positive¼ ‘‘1’’). The small inner triangle
indicates the overall probabilities for the three clusters associated with
the vertices of the outer triangle. It represents the centroid of the latter.
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ment (transplant recipients) [Pellegrin et al., 2000;
Amorim et al., 2001; Kulkarni et al., 2001; Hebart et al.,
2002]. However, the present report is the first concur-
rent quantitative real-time detection of CMV DNA by
TaqMan method, pp65 antigenemia, and pp67 RNA
assay. On the sensitivity side, the performance of pp67
RNA assay was the lowest among the three diagnostic
tests. However, the specificity was very high (100%).
Further, pp67 RNAwas positive only in cases with high
viral load, thus predicting a severe CMV infection
(Table II, Fig. 5). Indeed, recent studies with Nuclisens
assay for CMV pp67 mRNA in blood have confirmed the
high clinical specificity but have questioned the sensi-
tivity of the assay [Blok et al., 1998; Caliendo et al.,
2002]. On the other hand, this is not the full picture. The
existence of an interaction between genomic viral load
andpp67RNAassay suggests the latter exerts a positive
modifier effect as far as pp65 antigen expression is
concerned.When the pp67RNA testwas positive, on the
average 89 CMV DNA copies were found for every pp65
Agþ cell, whereas, when the pp67 RNA test was
negative, this value was 209. This suggests that higher
efficiency in late (lytic) gene expression, as a measure
of productive infection, can occur with lower genomic
copies per infected cell. Besides, the ratio between CMV
DNAcopies and the pp65antigenpositive cell countmay
be viewed as a surrogate marker for the pp67 RNA
assay. Thus, information provided by the pp67 RNA
assay is not redundant with respect to either pp65
antigenemia or CMV DNA.

The multiple regression, albeit significant, had R-
squared¼0.5090, indicating the proportion of the total
variance of pp65 antigenemia that could be explained by

the other two variables. This value and the outcome of
the RESET test suggest the existence of at least one
further predictor, which, although not considered, must
substantially impact on viral gene expression. This
hidden variable should be detected and monitored in
order to predict the outcome of CMV infection with
greater accuracy, and to help clinical decisions. The
nature of this indicator is amatter of conjecture. Itmight
be CMV related, as the presence of other RNA trans-
cripts, or host related, as immunological aspects and
genetic determinants. In this regard, immunological
parameters recently involved in protective antiviral
immunity have been expansion of gdT-cells after kidney
allograft transplantation [Lafarge et al., 2001] and
counts of CMV-specific CD8þ T-cell [Aubert et al.,
2001]. Pharmacodynamic aspects could provide addi-
tional prognostic information in solid organ recipients
with CMV disease. In fact, under standard antiviral
therapy, viral load decay was slower (half-life 8.8 days)
among patients with CMV recurrence than among
patients without recurrence (half-life 3.2 days) [Humar
et al., 2002]. Expression of immune evasion genes US3,
US6, and US11 could also play a role [Greijer et al.,
2001a]. Moreover, the study of immediate-early (IE)
mRNA [Gerna et al., 2000, 2003; Revello et al., 2001;
Goossens et al., 2004] appeared to be a valuable tool for
early diagnosis of CMV infection. Indeed, additional
insight is expected by studying profiles of CMV gene
transcription.

At present, there is a need for a more sensitive assay
for pp67 RNA along with a quantitative version of the
test, as proposed recently [Greijer et al., 2001b]. For the
time being, real-time PCR that measures blood CMV

TABLE II. Predictive Values of all Diagnostic Profiles

pp67 RNA CMV DNA pp65 Modal Cluster 1 Cluster 2 Cluster 3

0 �1 �1 1 0.9890 0.0110 0
0 �1 0 1 0.5622 0.4378 0
0 0 �1 1 0.9626 0.0374 0
0 0 0 2 0.2684 0.7315 0.0001
0 1 �1 1 0.8802 0.1198 0
0 1 0 2 0.0948 0.9043 0.0009
0 1 1 2 0.0013 0.8802 0.1185
0 2 �1 1 0.6774 0.3225 0
0 2 0 2 0.0288 0.9607 0.0105
0 2 1 3 0.0002 0.3972 0.6026
0 3 0 2 0.0076 0.8840 0.1084
0 3 1 3 0 0.0553 0.9447
0 4 1 3 0 0.0052 0.9948
1 1 �1 1 0.9964 0.0036 0
1 2 1 3 0 0.0011 0.9989
1 3 1 3 0 0.0001 0.9999
1 3 2 3 0 0 1
1 4 1 3 0 0 1
1 4 2 3 0 0 1

Combined predictive value of the three diagnostic tests as probability for each diagnostic profile to belong to
a definite cluster. The profile is defined by the outcome of the three diagnostic tests as reported in the first
three cells of each row. The probability for every profile to belong to each of the three clusters is reported in
the last three cells. Quantitative data (pp65 antigenemia, CMV DNA) are transformed to log10 and
rounded by truncating the decimal digits; negative results (absence of signal) are arbitrarily set to �1.
Nuclisens pp67 RNA assay outcome is indicated by ‘‘0’’(negative) or ‘‘1’’ (positive). The modal column
indicates the cluster with the highest probability.

CMV Viral Load in Transplant Recipients 83



DNA load represents a sensitive and specific test to
assist clinicians in preventing CMV disease.
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