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In a prospective cohort of 82 renal transplant recipients, we evaluated the capacity of the cytomegalovirus
(CMV) load in whole blood (WB) to predict the plasma CMV load, aiming to identify active CMV infections
by using WB samples only and to deduce a WB threshold. Using quantitative real-time PCR, a total of 1,474
WB samples were assayed, of which 279 were positive for CMV, and 140 out of the 276 paired plasma samples
tested positive. Thirty (36.6%) patients presented with at least one positive plasma PCR result, and 21 infection
episodes (19 patients) required curative treatment (median follow-up time, 12 months). When the plasma CMV
load was >500 copies/ml (n � 70), more than 94% (95% confidence interval, 86.0%, 98.4%) of WB samples had
>500 copies/ml. Two prediction models were built: log10 plasma viral load (VL) was calculated as �0.3777 �
0.9342 � log10 WB VL and as �0.3777 � 0.8563 � log10 WB VL for patients with and without treatment,
respectively. In the validation sample (578 routine samples), 77.2% of the observed and expected plasma viral
loads were concordant (95% confidence intervals, 73.5 and 80.5%). According to the model, the plasma viral
load was >500 copies/ml when the WB load was >3,170 or >4,000 copies/ml in patients with or without
treatment, respectively. WB seems to be an appropriate candidate for routine CMV monitoring of transplant
recipients by using a single assay.

Cytomegalovirus (CMV) remains a major opportunistic
agent among transplant recipients, due to its direct and indi-
rect effects and despite the use of different therapeutic strate-
gies. While detection of CMV pp65 lower matrix protein (pp65
antigen [Ag]) has been widely performed for diagnosis of CMV
infection, molecular assays based on quantitative PCR are now
routinely used. Indeed, sensitive assays for the early detection
of CMV infection are required for monitoring of patients and
are essential for timely application of antiviral therapy (6, 12,
16, 24, 25, 28, 37).

Commercial assays were first available for quantification of
CMV DNA in plasma and peripheral blood leukocytes (PBL)
(23, 24, 28, 29, 36). Then real-time PCR technology became
available and represented a considerable improvement, since it
was simpler, cheaper, and less time-consuming. In many labo-
ratories, CMV infection diagnosis now relies on real-time PCR
assays (7, 8, 10, 11, 14, 16, 17, 19, 21, 26, 28, 31, 34, 40), all the
more since multiplex real-time PCR assays enable virological
follow-up, including several opportunistic viruses in a single
biological sample (33). The question of which type of blood
fraction (PBL, plasma, or whole blood [WB]) is best for mon-
itoring CMV DNA in blood is still unresolved and may be
context specific. CMV is highly cell associated, and viral loads
(VL) have been shown to be higher in PBL and WB than in

plasma (1, 7, 9, 18, 29). Plasma viral load monitoring is of
modest clinical utility for prediction of CMV disease and de-
lays the detection of CMV DNA, since a negative PCR result
for CMV in plasma does not rule out active infection (2, 4, 5,
12, 24, 26). On the other hand, when CMV is detected in the
plasma fraction, it reflects active viral replication with virus
release into plasma (37) from multiple pools, including endo-
thelial cells and the reticuloendothelial system, in addition to
circulating leukocytes.

Some authors have found plasma viral load monitoring of
transplant recipients suitable (1, 14, 25, 27). Boeckh et al. (3)
concluded that even though the sensitivity of plasma PCR was
significantly lower than that of PBL PCR, plasma PCR could
be particularly useful when leukocyte counts were inadequate
for the performance of cell-based assays. For others, the higher
sensitivity of WB and its higher yield of CMV DNA make it an
optimal sample for monitoring the CMV DNA load during
CMV disease in immunocompromised patients (7, 10, 18, 29).
Moreover, the suitability of WB for bone marrow transplant
recipients, who are often in aplasia or leukopenic, has been
shown (18). However, if the WB assay is chosen as the only test
for the monitoring of transplant recipients in routine care
management, the information on early active replication pro-
vided by the plasma viral load could be missed. Moreover, up
to now, no WB CMV threshold that would distinguish a latent
from an active CMV infection has ever been defined. There-
fore, it is relevant to look for a WB viral load threshold that
would indicate active replication which can be defined by a
detectable plasma viral load.

We took advantage of the fact that a cohort of patients were
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routinely monitored for CMV loads after renal transplantation
to embark on a prospective study evaluating the capacity of the
viral load in the WB compartment to predict the plasma viral
load. The objective was to check if the WB CMV load might be
able to predict CMV active replication as well as the plasma
viral load, to define a threshold if possible, and in the end to
monitor CMV infection through the WB CMV load alone.

(This work was presented in part at the Third European
Congress of Virology, 2007.)

MATERIALS AND METHODS

Patients and specimen collection. Renal transplant recipients who gave in-
formed consent were prospectively enrolled in this study from July 2004 to June
2005. As part as the routine follow-up after transplantation, EDTA-blood sam-
ples were collected, and 1 ml of WB plus 1 ml of plasma were recovered. CMV
quantitative real-time PCR was prospectively performed on WB (7). Whenever
a positive result was obtained with WB, the assay was then performed with
plasma. CMV DNAemia was assessed weekly for 3 months after transplantation,
twice a month from month 3 (M3) to M6, and then monthly from M6 to M12. In
case of CMV infection and curative anti-CMV treatment, virological follow-up
was strengthened, and PCR was performed weekly until a negative result was
obtained.

Treatment protocols. All the patients received a combination immunosuppres-
sive regimen of cyclosporine (goal, 100 to 200 ng/ml) or tacrolimus (goal, 5 to 15
ng/ml), and mycophenolate mofetil at 2 g/day. They also received intravenous
(i.v.) methylprednisolone before transplantation and then high doses of pred-
nisolone that were gradually decreased until 3 months posttransplantation. For
immunosuppression induction therapy, all the patients received either anti-CD25
monoclonal antibodies (daclizumab) or anti-lymphocyte polyclonal antibodies
(thymoglobulins).

CMV-seronegative patients who received an allograft from a CMV-seroposi-
tive donor (D� R�) and CMV-seropositive recipients (R�) treated with anti-
lymphocyte globulins received oral valganciclovir for prevention of CMV infec-
tion for 3 months.

Asymptomatic CMV infection was defined as at least one positive plasma PCR
result without CMV-related clinical symptoms. Symptomatic CMV infections
could be subdivided into CMV syndrome and end-organ disease. In CMV syn-
drome, positive plasma PCR results were associated with unexplained fever and
leukopenia (�3.5 � 109 leukocytes/liter on two consecutive occasions) and/or
thrombocytopenia (�5 � 109 platelets/liter on two consecutive occasions) and/or
unexplained elevated aminotransferase levels (�2� N). CMV disease was de-
fined as a CMV infection with organ involvement and evidence of localized CMV
infection in a biopsy specimen or other appropriate specimen (15, 22).

Asymptomatic CMV infection was treated with a 3-week course of oral gan-
ciclovir (GCV), and symptomatic patients received i.v. GCV for 3 weeks.

Validation samples. All blood samples routinely tested by CMV PCR on WB
and plasma samples between August 2004 and October 2006 were used as
validation samples for statistical analysis (see below). Blood samples came from
patients with mostly bone marrow or solid organ transplantation but also human
immunodeficiency virus infection, pregnancy, and other clinical settings.

CMV assays. (i) DNA extraction. DNA was extracted from 200 �l WB or 200
�l plasma by using the MagNA Pure instrument (Roche Molecular Biochemi-
cals) with the MagNA Pure LC total nucleic acid isolation kit (Roche Diagnos-
tics) according to the manufacturer’s instructions. The purified nucleic acid was
eluted in 100 �l low-salt elution buffer, and 10 �l was further used for PCR.

(ii) Quantitative CMV PCR on WB and plasma. WB and plasma samples were
assayed for CMV DNA quantification as previously described (7, 8, 18) with
real-time PCR using TaqMan technology on the LightCycler instrument (version
1.0; Roche Diagnostics) with the Fast Start DNA master hybridization probes
(Roche Molecular Biochemicals).

A homemade plasmid (pGEM-UL83) containing one copy of the UL83 target
sequence was employed for achieving a CMV DNA external quantitative stan-
dard curve with dilutions from 5 � 102 (2.70 log10) to 5 � 106 (6.70 log10)
copies/ml (7).

A positive control was included from extraction to quantification in each run
as well as a distilled water sample to check the absence of contamination. CMV
DNA was expressed as copy numbers per milliliter of WB or plasma and as log10

copies per milliliter as well. Accurate quantification was obtained down to 500
copies/ml (2.70 log10 copies/ml). Below 500 copies/ml, samples could have a
positive result with unreliable quantification (a result of �500 copies/ml). When

no signal was obtained above the noise band, the sample was considered PCR
negative. Our laboratory results in 2004, 2005, and 2006 were in agreement with
the expected results according to Quality Control for Molecular Diagnostics
(Glasgow, Scotland).

Statistical analysis. Quantitative variables were described by frequency, mean
and standard deviation, and/or median and 25th and 75th percentiles. Qualitative
variables were described by frequency and proportion. Ninety-five percent con-
fidence intervals (95% CI) were calculated using exact binomial distribution.
Viral loads were compared between groups using a nonparametric median score
test.

The sensitivity of the WB threshold of 500 copies/ml for detection of a plasma
viral load of �500 copies/ml was defined by the proportion of samples with a WB
viral load of �500 copies/ml among all samples with a plasma viral load of �500
copies/ml.

The prediction of the plasma viral load according to the quantified WB viral
load of �500 copies/ml was estimated using a linear mixed model taking the
quantification limit and repeated data into account (35). The base-10 logarithm
of viral load was fitted in accordance with model assumptions. The proportion of
variability explained by the regression model (R2) was also estimated (39). The
model predictive capacity was validated by using external data collected from
August 2004 to October 2006 in routine practice in the same ward. Concordance
between observed and predicted plasma viral loads was first estimated using the
proportion of concordant pairs in terms of quantified or nonquantified results.
Then, when both plasma viral loads were quantified as �500 copies/ml, the mean
difference between these two loads was compared to null. All analyses were
performed with SAS software, version 9.2 (SAS Institute, Cary, NC).

RESULTS

Patients. Eighty-six patients (62 males and 24 females; mean
age � standard deviation, 48.7 � 13.3 years) among whom 72
had received their first renal transplant, 13 their second graft,
and 1 the third graft were consecutively enrolled from July
2004 to June 2005. Four patients had their kidney allograft
rapidly removed because of thrombosis. Therefore, statistical
analysis was performed on 82 patients. Two patients died dur-
ing the follow-up: one with multiple infections including CMV
disease and one with bacterial septicemia.

The characteristics of the 82 patients according to their
donor/recipient serostatus are presented in Table 1. The me-
dian (25th to 75th percentile) duration of follow-up after renal
transplantation was 12 (11.4 to 12.7) months, with 18 (16 to 20)
follow-up visits. Thirty (36.6%) patients presented with CMV
infections (positive qualitative plasma PCR), 20 of whom had
plasma CMV loads of �500 copies/ml. Nineteen patients (all

TABLE 1. Characteristics of the 82 patients according to their
donor/recipient serostatus

Patient characteristic

No. (%) of patients with the following
CMV donor/recipient serostatus
and the indicated characteristic:

D� R� D� R� D� R� D� R�

Total 24 (29.3) 25 (30.5) 24 (29.3) 9 (11)
3-mo anti-CMV prophylaxy 22 (92) 1 (4) 2 (8.3) 1 (11)
Plasma CMV load of �500

copies/ml
Total 11 (45.8) 8 (32) 1 (4.2) 0 (0)
With CMV-related

symptomsa
8 (72.7) 1 (12.5) 0 (0) 0 (0)

Anti-CMV curative
treatment

11 (45.8) 8 (32) 0 (0) 0 (0)

a Percentages for patients with CMV-related symptoms are relative to the
number of all patients of the same serostatus with plasma CMV loads of �500
copies/ml.
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but the D� R� patient) received the first curative treatment in
a median (25th to 75th percentile) time of 3.6 (1.9 to 6.1)
months after engraftment (calculated from the data obtained
for 18 of the 19 patients, since the start-of-treatment dates
were available for those 18 patients): 7 patients received i.v.
GCV, 5 received oral GCV, and 7 received i.v. GCV followed
by oral GCV.

As a whole, 21 episodes of infection requiring curative treat-
ment occurred in 19 patients during follow-up. At the first visit
under treatment, one symptomatic patient (D� R�) and one
asymptomatic patient (D� R�) tested negative for CMV in
WB. The plasma viral load was missing for one asymptomatic
patient (D� R�), negative for three asymptomatic patients
(one D� R� and two D� R�), and below the quantification
limit for two symptomatic D� R� patients.

Among 21 episodes, viral loads tended to be higher during
symptomatic episodes than during asymptomatic episodes: me-
dian (25th to 75th percentile) WB viral loads were 4.45 (4.03 to
5.46) (n � 9) and 3.74 (3.36 to 4.44) (n � 12) log10 copies/ml,
respectively (P � 0.14), and median (25th to 75th percentile)
plasma viral loads were 4.25 (3.25 to 4.42) (n � 9) and 3.18
(�2.70 to 3.78) (n � 11) log10 copies/ml, respectively (P �
0.19). In D� R� (11 episodes) compared to D� R� (9 epi-
sodes) patients, viral loads tended to be higher in WB (4.66
[3.79 to 5.46] versus 3.68 [3.46 to 4.10] log10 copies/ml, respec-
tively [P � 0.19]) and significantly higher in plasma (4.25 [3.57
to 4.43] [n � 11] versus 3.07 [�2.70 to 3.26] [n � 8] log10

copies/ml, respectively [P � 0.01]).
Description of PCR results in WB and plasma. Figure 1

shows the results of PCR for WB and plasma. A total of 1,474
WB samples were assayed, of which 1,195 were negative and
279 were positive for CMV. Among patients with PCR-positive
WB samples, 276 plasma samples were tested: 108/153 (70.6%)
plasma samples were positive when the WB CMV load was
�500 copies/ml, whereas 32/123 (26%) were positive when the
WB CMV load was �500 copies/ml.

As can be noticed, in four pairs of samples, the WB sample
had �500 copies/ml by PCR and the plasma samples had �500
copies/ml by PCR, but all plasma loads were low (�900 copies/
ml): three pairs of samples were from two patients receiving
anti-CMV treatment and were preceded and/or followed by a

positive result at least for the WB sample and by a negative
result or a result of �500 copies/ml for the plasma sample, and
the last pair of samples was from a patient receiving no anti-
CMV treatment, with �500 copies/ml in WB by PCR and a
negative result for the plasma sample by PCR before and after
this sample. These four pairs of samples were not used for the
analysis because only WB CMV quantifications of �500 cop-
ies/ml were used in the prediction analysis, as discussed below.

Prediction of the plasma CMV load from the WB CMV load.
Because the CMV load in WB is expected to be higher than
that in plasma, we expected the former to be positive when the
plasma CMV load was �500 copies/ml. Actually, when the
plasma viral load was �500 copies/ml (n � 70), more than 94%
(95% CI, 86.0%, 98.4%) of WB samples had �500 copies/ml
(Table 2). Discrepancies came from 4/70 samples with a WB
viral load of �500 copies/ml; these 4 samples have been de-
scribed above. With the idea of using the WB viral load rather
than the plasma viral load because the former is more sensi-
tive, we were interested in predicting what the level of the
plasma viral load would be according to the WB viral load
when the latter was �500 copies/ml. For this purpose, we used
147 samples for which WB and plasma viral loads were avail-
able. Because the prediction differed according to the presence
or absence of curative treatment, we did two separate models
(Fig. 2). For patients with no treatment, log10 plasma VL (in
copies per milliliter) was calculated as �0.3777 � 0.8563 �
log10 WB VL (in copies per milliliter). For patients receiving
treatment, log10 plasma VL (in copies per milliliter) was cal-
culated as �0.3777 � 0.9342 � log10 WB VL (in copies per
milliliter). The percentage of variation of the plasma viral load
explained by the regression model (R2) was rather good but not
perfect (78%). In addition to their use for prediction, these
equations confirmed the trend toward a lower viral load in
plasma than in WB, since both slope coefficients (0.8563 and
0.9342) were below 1.

Using the validation sample (n � 578), 77.2% of the ob-
served and expected plasma viral loads were concordant (95%
confidence intervals, 73.5 and 80.5%). When both observed
and predicted plasma viral loads were quantified as �500 cop-
ies/ml, the mean difference was statistically but not clinically
significant: 2.3 copies/ml (0.36 log10 copies/ml). Information
about treatment was not available for the validation sample, so
we used the model estimated without interaction with treat-
ment. However, since separate models were better specified,
validation of these models would have given results as good as
those presented above.

Correspondences between plasma and WB CMV loads, pre-

TABLE 2. Results for WB and plasma CMV loads according to the
threshold of 500 copies/ml (n � 276)

WB CMV load

No. (%) of patients with the indicated WB
CMV load and a plasma CMV load of:

�500 copies/ml �500 copies/ml

�500 copies/ml 66 (94.3) 87 (42.2)
�500 copies/ml 4 (5.7) 119 (57.8)

Total 70 (100) 206 (100)

FIG. 1. Follow-up of the 82 patients, with distribution of real-time
quantitative PCR results for WB and plasma (PL). cop, copies.
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dicted from WB CMV loads of �500 copies/ml (2.70 log10

copies/ml) and according to anti-CMV curative therapy, are
presented in Table 3. During active CMV infection (with
plasma viral loads of �500 copies/ml), WB viral loads were

FIG. 2. Prediction of plasma (PL) VL from WB VL (n � 147). cp or cop, copies. Of note, some of the viral DNA loads in plasma were
undetectable (i.e., left-censored) and are plotted at the detection limit (2.70 log10 copies/ml); however, they were taken into account as
left-censored values in the model (see Materials and Methods).

FIG. 3. Distribution of WB and plasma (PL) real-time quantitative
PCR results for the 82 patients without treatment. cop, copies.

TABLE 3. Mean predicted plasma viral loads according to WB
viral loads from 500 copies/mla

Patient group

WB CMV load Plasma CMV load
(log10 copies/ml)b

(95% CI)
Log10

copies/ml Copies/ml

Without curative
treatment

2.70 500 1.93* (1.68–2.17)
3 1,000 2.19* (1.97–2.41)
3.6 4,000 2.70 (2.49–2.91)
4 10,000 3.05 (2.82–3.27)
5 100,000 3.90 (3.59–4.22)
6 1,000,000 4.76 (4.32–5.20)

During curative
treatment

2.70 500 2.00* (1.77–2.24)
3 1,000 2.27* (2.06–2.48)
3.5 3,170 2.70 (2.51–2.89)
4 10,000 3.13 (2.93–3.32)
5 100,000 3.98 (3.70–4.27)
6 1,000,000 4.84 (4.43–5.25)

a Equivalent to 2.70 log10 copies/ml, the quantification limit.
b Asterisked values are given for information only, since they are below the

quantification threshold.
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�4,000 copies/ml (�3,170 copies/ml for patients receiving anti-
CMV treatment).

When we considered samples collected in the absence of
treatment, 187 WB samples had viral loads of �4,000 cop-
ies/ml and 21 had �4,000 copies/ml (of the corresponding
plasma samples, 19 had viral loads of �500 copies/ml, 1 had
�500 copies/ml, and 1 tested negative) (Fig. 3).

DISCUSSION

Many molecular techniques have been assessed for the di-
agnosis and follow-up of CMV infection in immunosuppressed
patients: in-house or commercially available, traditional or
real-time PCR, qualitative or quantitative, with detection of
DNA or late mRNA, in different body or blood compartments.
In previous studies, PBL or WB assays had demonstrated
higher sensitivity than plasma assays (3, 4, 16, 18, 24, 26, 38).
WB specimens offer the advantage of easier processing with no
centrifugation or cell separation step. Our results argue for the
preferential use of WB. On the other hand, the clinical impact
of low-level CMV DNA in WB is unresolved, but our study was
not designed for answering such a question, which requires a
much larger cohort. This early detection has the advantage of
warning physicians to keep track of the evolution of infection
and to carefully follow up viral load kinetics (6).

As previously reported, higher viral loads were detected in
WB than in plasma (1, 7, 18, 29). Since CMV replication starts
in cells and is followed by the release of viral particles into
plasma, CMV DNA in plasma can represent a valuable indi-
cator for viral replication providing that specimens are pre-
pared without excessive delay so as to avoid positive plasma
results due to cell lysis (20, 32). We aimed at predicting plasma
CMV loads from WB CMV loads in order to identify active
CMV infections. To our knowledge, this is the first work aim-
ing at such a prediction. In our prospective renal transplant
cohort of 82 patients, prediction of the plasma CMV load from
a low-level WB viral load (500 copies/ml) was possible through
two equations, for patients with and without curative anti-
CMV treatment, respectively. Indeed, the implementation of
treatment modifies the natural kinetics of CMV; this impact of
therapy on viral kinetics merits further studies.

The four discrepancies highlighted in Fig. 1 deserve a short
comment: since three samples were from two patients receiv-
ing anti-CMV treatment, it may be hypothesized that due to
CMV kinetics, a weak plasma viral load (�900 copies/ml) may
appear undetectable in WB. On the other hand, since the main
goal of this study was to monitor CMV infection through the
WB CMV load alone, these results would have had no clinical
impact. Moreover, these four samples did not have to be taken
into account in the prediction analysis (based on the WB sam-
ples with �500 copies/ml).

Despite the heterogeneity of the validation sample, the re-
sults were satisfying and could have been even more conclusive
with a homogeneous renal transplant population for valida-
tion. Nevertheless, this prediction model cannot be used in
clinical settings other than renal transplantation without pre-
vious evaluation.

A recent article by Ruell et al. (30) indicated that active
CMV disease does not always correlate with viral load detec-
tion: in their population of bone marrow recipients, CMV

end-organ disease could occur in the absence of detectable WB
CMV DNAemia throughout the course of the disease and in
spite of the use of sensitive real-time PCR detection. This
could underline the possible compartmentalization of viral
replication occurring during CMV disease. In our group of
renal transplant recipients, CMV-related symptoms were al-
ways associated with a positive WB PCR before treatment.

As in other areas (13), in the routine practice of our renal
transplantation center, a threshold of 2,000 copies/ml in WB
has recently been chosen for the initiation of preemptive ther-
apy; by following the prediction equation of the present study,
this WB viral load (2,000 copies/ml, or 3.3 log10 copies/ml)
corresponds to 2.53 log10 copies/ml in plasma, i.e., a positive
plasma load below the quantification threshold of our real-
time PCR (2.70 log10 copies/ml). However, detection of a few
viral copies in plasma confirms viral replication. In a previous
work (7), this threshold of 2,000 copies/ml in WB has also been
correlated with a pp65 Ag result of 10 positive cells/200,000
polynuclear cells, which was previously the pp65 Ag threshold
used to implement anti-CMV treatment for our renal trans-
plant recipients.

The resulting WB viral load threshold of 4,000 copies/ml
(corresponding to a plasma viral load of �500 copies/ml) is not
to be used as a clinical threshold and needs first to be clinically
evaluated. Moreover, in our study, a WB viral load greater
than 4,000 copies/ml permits one to ascertain the presence of
an active infection, but an active infection can occur below this
threshold, which is still in accordance with the current thresh-
old of 2,000 copies/ml.

It is well recognized that D� R� patients have a higher risk
of developing CMV disease. In our study, 55% of patients with
at least one plasma viral load of �500 copies/ml during their
follow-up were D� R� (these patients constituted 45.8% of the
D� R� group, and 72.7% of them developed symptomatic
CMV infections). Viral loads showed a trend to be higher for
symptomatic than for asymptomatic patients by both assays.
Detection of CMV in clinical samples may represent asymp-
tomatic viral shedding and does not necessarily indicate the
presence of current or impending symptomatic disease. To
identify patients at high risk of CMV disease among those who
are infected, viral load thresholds and kinetics still need to be
determined.

For routine performance of a single test to monitor CMV
infection in transplant patients, WB real-time quantitative
PCR seems to be an appropriate candidate. Besides its ease of
processing and its sensitivity, we have shown here that WB
CMV load results could be used to predict plasma CMV load
results and thus to evidence an active infection: the plasma
CMV load was found to be greater than 500 copies/ml when
the WB CMV load was greater than 4,000 copies/ml (3.6 log10

copies/ml) for patients without treatment. However, the WB
viral load thresholds for initiation of anti-CMV therapy should
be determined in further specific studies, taking into account
the baseline risk of the patients for developing symptomatic
CMV infections.
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