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INTRODUCTION

Human cytomegalovirus (HCMV) is a ubiquitous
member of the human herpes virus family. Up to
80% of healthy adults are seropositive, indicat-
ing previous exposure, established latency and a
possible risk of viral reactivation. The reactiva-
tion mechanism appears to be strongly related to
impaired control of the virus by the immune sys-
tem. For this reason, CMV is one of the most im-
portant opportunistic pathogens in immuno-
compromised patients, including recipients of
solid organ and bone marrow transplants and pa-
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tients infected with human immunodeficiency
virus (Mengelle et al., 2003; Mori et al., 2004;
Schroeder et al., 2005; Allice et al., 2008; Fisher,
2009). Cytomegalovirus infections in these im-
munosuppressed patients can lead to serious dis-
eases. They may also increase the incidence of
other opportunistic infections and decrease pa-
tient survival. Active CMV infection occurs in
30%-75% of transplant recipients, with a mortal-
ity rate of 5% (Martin-Davila et al., 2005; Gentile
et al., 2006; Madi et al., 2007). 
One approach to preventing CMV disease is the
administration of antiviral agents after trans-
plantation. The development and widespread use
of sensitive, specific and reliable diagnostic as-
says for CMV thus plays an essential role in CMV
prevention during the early post-transplant peri-
od, and can make a significant contribution to
disease management (Razonable et al., 2002a;
Razonable et al., 2002b; Kotton et al., 2010).

Cytomegalovirus (CMV) infection is a frequent complication in transplant recipients. This retrospective study com-
pared real-time PCR (rt-PCR) and a pp65 antigen assay as tools for monitoring CMV infection in solid organ (SOT)
and bone marrow (SCT) transplant patients. The study tested 2662 samples by rt-PCR, and 1284 specimens with a pp65
antigen assay. 24.3% of the rt-PCR samples and 4.1% of the pp65 antigen samples were positive. 793 specimens, from
230 patients, were tested with both assays. In 6.7% of samples, both tests were positive; in 72.7% both were negative;
in the remaining 20.6% of cases, the results were discordant. CMV disease was diagnosed in 50 patients. Results from
the two methods were poorly correlated (r=0.460). The sensitivity of rt-PCR (94%) was higher than that of the pp65
antigen assay (27%). Both assays showed high specificity (92% and 99%, respectively). ROC curve analysis, performed
separately for SOT and SCT patients, confirmed that rt-PCR outperformed the pp65 assay in the detection of CMV.
These findings provide evidence that rt-PCR is a reliable diagnostic tool, and that it can be more effective than pp65
based assays in monitoring CMV infection progression and in guiding therapy in immunocompromised patients.
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One tool, frequently and successfully used for this
purpose has been the pp65 antigen assay for
CMV, an immune-fluorescence technique based
on the staining of peripheral blood leukocytes for
lower matrix protein pp65 (Mazzulli et al., 1993;
Kusne et al., 1999). However, the pp65 assay has
low sensitivity, requires subjective interpretation
and immediate sample processing and may be
hard to perform in neutropenic patients (Gimeno
et al., 2008; Kotton et al., 2010).
A more recent technique is quantification of CMV-
DNA by rt-PCR. The method seems to be accu-
rate, rapid, highly sensitive and highly specific.
Especially in recipients of bone marrow trans-
plants, it appears to be more effective than the
pp65 assay as a support for decisions on the ini-
tiation of antiviral treatment (Mori et al., 2004;
Gimeno et al., 2008). Yet, although rt-PCR usual-
ly has high sensitivity, it has a lower specificity
than the pp65 assay. This means it is necessary to
determine clinically appropriate threshold values
for a positive diagnosis of CMV infection. Studies
published to date have involved a broad range of
different methods, different kinds of specimen
(plasma, whole blood, peripheral blood leuko-
cytes, peripheral blood mononuclear cells), and
different categories of patient (recipients of bone
marrow transplants; recipients of solid organ
transplants). In these conditions, it has been dif-
ficult to achieve a consensus concerning the ide-
al cutoff point for the diagnosis of active CMV in-
fection (Razonable et al., 2002a; Razonable et al.,
2002b; Schroeder et al., 2005; Gentile et al., 2006;
Kotton et al., 2010). Future research will need to
focus on the implementation of automated in-
strumentation making it possible to achieve stan-
dardized, reproducible results. As a contribution
to this goal, we present a retrospective study com-
paring the sensitivity and specificity, and the pos-
itive and negative predictive values of quantita-
tive rt-PCR and a pp65 antigen assay in the mon-
itoring of CMV reactivation in a large sample of
immune-compromised patients (recipients of sol-
id organ and bone marrow transplants).

MATERIALS AND METHODS

Patients and clinical specimens
The study included 2909 whole-blood (WB) spec-
imens submitted for CMV detection to the

Institute of Microbiology at the Università
Cattolica del Sacro Cuore, Rome, Italy, in the pe-
riod from October 2004 to August 2007. The sam-
ples were collected from 478 solid organ and bone
marrow transplant recipients. 1284 samples were
tested with the pp65 antigen assay; 2662 samples
were tested with rt-PCR, 793 samples from 230
patients were tested with both methods. Of this
latter group of patients 45.2% (104/230) had un-
dergone solid organ transplantation. The group
included 92 recipients of kidney transplants (me-
dian age: 50 years, range 18-77), 11 liver trans-
plant patients (median age: 52 years, range 23-
51), and 1 heart transplant patient (38 years). The
remaining 54.8% of patients (126/230) were re-
cipients of blood marrow transplants (median age
51 years, range 16-81). Immunosuppression pro-
tocols and prophylaxis regimens differed ac-
cording to the specific transplant programs.
The median number of samples was 3 (range, 2-
46) per patient. All blood specimens were col-
lected in EDTA-tubes and divided in two aliquots
for the two assays. Aliquots were stored appro-
priately for further processing.

CMV infection and disease definitions
Symptomatic CMV infections, (CMV syndrome
and CMV disease) were defined according to stan-
dard, previously published criteria (Ljungman et
al., 2002).

CMV antigen assay
The CMV pp65 antigen assay was carried out
within 4 hours of specimen collection, using the
Light DiagnosticTM Cytomegalovirus (CMV) pp65
Antigenemia Immunofluorescence Assay (IFA)
(Chemicon International, Temecula, USA) ac-
cording to the manufacturer’s instructions. The
result of the assay was expressed as the number
of CMV antigen-positive cells per 2 x 105 leuko-
cytes in the slide.

DNA extraction
Total nucleic acids were extracted from 350 µl of
EDTA-anticoagulant whole blood and eluted in
200 µl of elution buffer using the automatic Bio
Robot Ez1 extractor (Qiagen, Valencia, CA, USA),
according to the manufacturer’s protocol.

Quantitative real-time PCR
CMV DNA was quantified using a commercially
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available real-time PCR test: TaqMan Q-CMV Rt
Complete KIT (Cepheid by Nanogen Advanced
Diagnostic S.r.l., Torino, Italy) according to the
manufacturer’s protocol. 
For each sample, we amplified the exon 4 region
of the CMV MIEA (major immediate early anti-
gen). To control for the presence of factors in-
hibiting DNA amplification, we also amplified the
5’ UTR region of the human beta-globin gene. The
CMV probe for CMV was labeled with the FAM
fluorophore and quenched by the MGB-NFQ
group; the internal inhibition control was labeled
with the VIC fluorophore and quenched by the
MGB-NFQ group. PCR reactions were performed
using an ABI PRISM 7000 Sequence Detection
System (PE Biosystems, Foster City, CA, USA).
Copy numbers for CMV DNA were obtained by
linear extrapolation of the cycle threshold (CT)
values from the standard curve (range: from 102

to 105 copies). The analytical sensitivity of the as-
say, as assessed by the manufacture, allows the
quantification of approximately 20 to 1 x 106 mol-
ecules of target DNA/reaction. 

Statistical analysis
The correlation between quantitative values from
the real-time PCR and the pp65 assay was meas-
ured using the Spearman correlation coefficient. 
Differences between results from the two assays
were assessed using the Mann-Whitney U test and
Fisher’s exact test. Receiver Operating Char -
acteristic (ROC) curves were computed and used
to determine optimal cut off values for the two
assays. Statistical analysis was performed using
EpiInfo software version 3.5 and MedCalc soft-
ware version 8.0. P values less than 0.05 were con-
sidered statistically significant.

RESULTS

The pp65 assay detected pp65 antigen in 52/1284
samples (4.1%) (median: 3 positive cells on 2x105

leukocytes - range, 1-300). 948 samples (73.8%)
tested negative. 284 (22.1%) specimens were con-
sidered unsuitable for the pp65 assay, due to very
low levels of leukocytes.
Rt-PCR detected CMV DNA in 646/2662 samples
(24.3%). The remaining 75.7% (n=2016) tested
negative. The assay found a median of 2.2x103

copies/ml (range, 43-1.8x107). All specimens were

positive for beta-globin DNA, confirming the
quality of the DNA preparations. 
The presence of a subset of samples tested with
both assays made it possible to compare the per-
formance of the two tests. 53/793 (6.7%) samples
tested positive on both assays; 577 (72.7%) test-
ed negative on both; in the remaining 163 sam-
ples (20.6%) the two methods gave discordant re-
sults. In these samples, real-time PCR detected
viral DNA in 162/163 cases (99.4%) (median:
2.3x103 copies/ml - range, 4.3x101-2.4x106). In
each of these cases, the pp65 assay gave a nega-
tive result. Only 1 sample (0.6%) tested negative
by real-time PCR and positive by the pp65 assay
(5 positive cells on 2 x 105 leukocytes). This sam-
ple came from a patient with CMV disease. 
Samples that tested positive on the pp65 assay
showed significantly higher CMV-DNA levels (me-
dian: 2x104 copies/ml; range, 0-107) than those
for samples that had tested negative (median: 0
copies/ml; range, 0 -2.4x106) (p<0.0001).
For the purposes of the analysis, we classified
each sample according to the result of the pp65
assay (Table 1). Group 1 included all samples that
tested negative on the assay (n=740). Group 2 in-
cluded samples (n=25) with a low value (1 to 3
positive cells) for the antigen. Groups 3 (n=22), 4
(n=3), and 5 (n=3) included samples respectively
with moderate (4 to 20 positive cells), high (21 to
100 positive cells), and very high (>100 positive
cells) antigen values. Table 1 shows the load of
CMV DNA load values for each group. 
The Spearman coefficient for the correlation be-
tween DNA load and numbers of CMV pp65-pos-
itive leukocytes was relatively weak (r=0.460,
p<0.0001). We observed, however, that all groups
with high antigen values had higher median DNA
load than groups with lower antigen values, the
only exception being Group 5.
Comparing data from CMV pp65 antigenemia
with the data from CMV DNA assay (ranging
from 102 copies/ml to 106 copies/ml), we found
that the sensitivity increased from 24.4% to 83%
and its specificity decreased from 99.8% to 93.9%.
The pp65 assay was less sensitive than rt-PCR
both for low viral loads and for the higher loads
that characterize active CMV infection (Table 2).
Among the samples tested with both assays, 178
came from 50 patients (50/230, 21.7%) with CMV
disease (Table 3). We used this diagnosis to esti-
mate the sensitivity, specificity, positive predic-
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TABLE 1 - Comparison of CMV DNA load in whole blood specimens according to the result of the pp65
assay. CMV pp65 specimens were classified into 5 groups. The table shows mean viral load and standard

deviation (Std Dev), median load, minimum (Min) and maximum (Max) values for each group.

Antigenemia Samples CMV DNA (copies/ml)
groups N° (%) Mean x 104 Std Dev x 104 Median x 104 Min x 106 Max x106

Group I 740 (93.3%) 0.97 10.2 0.00 0.00 2.40

Group II 25 (3.2%) 5.91 23.84 0.30 0.12 12.00

Group III 22 (2.8%) 31.97 38.38 27.00 2.5 55.00

Group IV 3 (0.4%) 184.32 169.27 220.00 0.06 3.33

Group V 3 (0.4%) 333.54 577.17 0.50 0.12 10.00

Total 793 (100%)

TABLE 2 - Sensitivity and specificity of CMV pp65 antigen assay using quantitative real-time PCR 
as a reference.

Antigen assay N° of samples
Threshold levels (x) of CMV DNA (copies/ml)

<102 ≥102 <103 ≥103 <104 ≥104 <105 ≥105 <106 ≥106

Positive 1 52 6 47 24 29 37 16 48 5

Negative 579 161 629 111 703 37 731 9 739 1

Sensitivity (%) 24.4% 29.7% 43.9% 64% 83%

Specificity (%) 99.8% 99.0% 96.6% 95.2% 93.9%

TABLE 3 - CMV pp65 antigen assay as a predictor for CMV disease (a) and rt-PCR as a predictor 
for CMV disease (b).

(a)

Methods Patients with or without CMV disease

Antigen assay Patients without Patients with Total Sensitivity Specificity
CMV disease CMV disease % %

Negative 611 129 740 27% 99%
Positive 4 49 53

Total 666 178 793

(b)

Methods Patients with or without CMV disease

Real-time Patients without Patients with Total Sensitivity Specificity
CMV disease CMV disease % %

Negative 568 9 577 94% 92%
Positive 47 169 216

Total 615 178 793



tive value (PPV), and negative predictive value
(NPV) of the two assays. Analysis showed that rt-
PCR was more sensitive but less specific than the
pp65 assay (sensitivity: 94% vs 27%, specificity
92% vs 99%). As shown in Table 3, the PPV and
the NPV of the two assays were 92% and 93% re-
spectively for rt-PCR, and 96% and 57% for the
pp65 assay (these values were calculated using
2x2 table). 
Among the blood samples that tested positive for
CMV DNA, 169 came from patients with a diag-
nosis of CMV disease. DNA viral loads in these
samples were significantly higher (median,
4.8x103 copies/ml; range, 2.8x102- 1.0x107) than in

samples (n=47) from patients without CMV dis-
ease (median, 5x102 copies/ml; range, 43-3.8x104;
P<0.0001). The majority of pp65-positive samples
(49/53; median 4.0; range, 1-300) came from pa-
tients with CMV disease; only 4 samples came
from patients without CMV disease (median 4.0;
range, 1-10; P=0.6564) (Table 3).
To compare the diagnostic performance of the
two essays, we computed ROC curves. As regards
the pp65 assay, analysis showed that the number
of pp65-positive cells in samples of 2x105 leuko-
cytes was not significantly different between pa-
tients with and without CMV disease and that the
presence of a single positive cell should be taken
as an indication of CMV infection (Gimeno et al.,
2008) both in solid organ and bone marrow trans-
plant recipients. On this basis, we computed the
sensitivity, specificity, NPV, and PPV for recipi-
ents of solid organ transplants and for recipients
of bone marrow transplants (Table 4).
For the rt-PCR assay analysis of the ROC curve
suggested that the trigger points for intervention
were of 3000 copies/ml for recipients of solid or-
gan and 1000 copies/ml for recipients of bone
marrow transplants. On this basis, the sensitivi-
ty, specificity, NPV and PPV of the assay for re-
cipients of solid organ transplants and of bone
marrow transplants are shown in Table 4.
A comparison between the ROC curves for the
two assays, including all patients, showed that
the area under the ROC curve for the DNA-based
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TABLE 4 - ROC analysis: sensitivity, specificity,
Negative Predictive Value (NPV), Positive Predictive
Value (PPV), calculated for solid organ (SOT) and

bone marrow (SCT) transplant recipients. 
Rt-PCR vs. pp65 antigen assay.

ROC analysis CMV real-time CMV pp65 
PCR antigen

SOT SCT SOT SCT

Sensitivity % 97.0 93.8 22.4 30.6

Specificity% 98.2 98.5 98.6 99.7

NPV 99.1 98.2 80.7 83.7

PPV 94.2 94.6 83.3 97.1

FIGURE 1 - Comparison of CMV DNA
loads and levels of pp65 antigen in
whole blood specimens from solid or-
gan transplant patients and from bone
marrow transplant recipients.
Specimens are classified in five groups
according to their recorded antigen lev-
els (1-5).
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assay (AUC: 0.968±0.009; 95% CI: 0.953-0.979)
was significantly larger than the equivalent area
for the pp65 assay (AUC: 0.635±0.025; 95% CI:
0.600-0.668) (p<0.0001) (Figure 2).
We went on to compare series of samples taken
after transplantation considering the first sam-
ple to test positive with either method. In 18
(19.1%) of CMV positive patients (n=94) the same
sample tested positive on both assays. In series
yielding discordant results, samples from 75 pa-
tients (79.8%) tested positive by rt-PCR before
they tested positive on the pp65 assay. Only in 1
case (1.1%), did the pp65 assay give a positive re-
sult before the DNA assay (p<0.0001). In all pa-
tients with positive results on both assays the
pp65 assay returned negative before the rt-PCR
assay.

DISCUSSION

This study compared the effectiveness of rt-PCR
and a pp65 antigen assay in the detection of CMV
infection in recipients of solid organ and bone
marrow transplants. Our results provide evidence
that rt-PCR can be extremely useful in detecting
the reactivation of CMV during the early post-
transplant period.
We note, furthermore, that rt-PCR may be the on-
ly effective assay for patients with severe neu-
tropenia or leukopenia. 22% of our specimens
proved unsuitable for testing with the pp65 as-
say because of an insufficient number of leuko-

cytes, a common condition in these patients. By
contrast, the rt-PCR assay was successful for all
the specimens to which it was applied. rt-PCR al-
so has a number of additional advantages. The
procedure is faster than the pp65 assay, is easier
to handle and provides standardized processing
for large numbers of specimens (Yakushiji et al.,
2002; Bordilis et al., 2005; Onishi et al., 2006). 
The fact that tests on consecutive samples tested
positive with rt-PCR before testing positive on the
pp65 assay is additional evidence that rt-PCR can
provide a sensitive tool for monitoring patients
at high risk of CMV disease (Nitsche et al., 2003;
Hernando et al., 2005; Sanghavi et al., 2008,
Kotton et al. 2010).
As mentioned earlier, our work showed a rela-
tively weak correlation between DNA load and
antigen values, confirming earlier findings by
Nitsche (2003), but contrasting with results from
other studies (Li et al., 2003; Garrigue et al., 2006).
As observed by others (Kalpoe et al., 2004), we
detected a wide range of values of CMV DNA load
within distinct Groups classified according to the
result of the pp65 assay. Although earlier studies
showed that copy numbers increase in direct pro-
portion to antigen levels, for all levels of antigen
(Gault et al., 2001; Li et al., 2003), our findings
are partially contrasting. The discrepancy could
be due to the very small number of samples (n=3)
in our Group 5, or to differences between the two
analytical approaches (molecular amplification
versus IFA).
As expected, the ROC curve analysis for real-time
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FIGURE 2 - Comparison of ROC
curves for rt-PCR and pp65 antigen as-
says.



PCR showed that this test was more sensitive
than antigenemia assay, with similar specificity.
Possible explanations include the sensitivity of
the pp65 assay to delays in sample processing and
the difficulty of detecting the antigen in neu-
tropenic patients.
We also observe that rt-PCR test gave positive re-
sults in 21.7% of asymptomatic patients, though
recording viral loads that were significantly low-
er than in patients with CMV disease (500 vs
4.8x103). Though low viral loads are not neces-
sarily a sign of disease, the ability to detect of
such loads may provide useful indications for fol-
low-up. Trends in viral loads over time may be
more important in predicting disease than any
absolute viral load value (Li et al., 2003, Kotton et
al., 2010). 
Our observations thus support suggestions by
other authors (Nitsche et al., 2003; Hernando et
al., 2005) that rt-PCR is more effective than the
pp65 assay in monitoring CMV disease progres-
sion and in guiding therapy. 
We observe, finally, that rt-PCR has a high sensi-
tivity and that there is currently no clear agree-
ment on the ideal cut-off for the diagnosis of ac-
tive CMV infection. Treatment decisions in the
clinic should therefore be taken with caution,
considering trends in viral load and the sensitiv-
ity of the methods used in individual laboratories
and not just absolute values recorded in a single
test.
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