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The objective of this study was to evaluate the advantages of cytomegalovirus (CMV) real-time PCR in blood
plasma to monitor CMV infection in a population of adult and pediatric bone marrow recipients in comparison
with the pp65 antigenemia method. Fifty allogeneic bone marrow transplant recipients from our center,
including 23 adults and 27 children, were enrolled. A CMV real-time PCR designed to amplify a well-conserved
region of the UL123 gene was evaluated for its results with whole blood and blood plasma. The CMV real-time
PCR assay and the CMV antigenemia method were performed in parallel with 558 blood samples. The results
obtained by the two techniques were significantly correlated (r � 0.732; P < 0.0001). Twenty patients developed
at least one episode of CMV replication, with a total of 24 episodes detected by CMV PCR; antigenemia assays
were positive in 17 of these 24 episodes. The first positive PCR test preceded the first positive antigenemia by
a median of 8 days. The median time interval necessary to obtain a negative CMV PCR test after implemen-
tation of preemptive treatment was 28 days. CMV PCR of plasma was positive in two children with CMV
disease (one with early CMV pneumonia and one with CMV gastroenteritis), while CMV antigenemia remained
negative. The use of CMV PCR with plasma to guide both implementation and discontinuation of CMV
preemptive therapy might reduce the risk of occurrence of CMV disease since patients would be treated earlier,
and it might also help to reduce the duration of treatment, which could attenuate the side effects of antiviral
drugs.

Human cytomegalovirus (CMV) infection is frequent after
bone marrow transplantation. Viral reactivation occurs in 30 to
50% of allogeneic bone marrow recipients and may lead to the
development of CMV disease. Although the outcome of CMV
disease and particularly CMV pneumonia has been improved
by the use of antiviral therapy, it remains a life-threatening
disease. Two strategies are currently used to prevent the de-
velopment of CMV disease in bone marrow transplant recip-
ients. Universal prophylaxis consists of effective viral therapy
given to all recipients at risk of CMV reactivation. Preemptive
therapy consists of viral therapy given only to patients with
proven CMV reactivation. In the latter strategy, sensitive and
specific virologic markers are necessary to ensure early detec-
tion of CMV infection. Preemptive therapy based on pp65
antigen detection in peripheral blood leukocytes has been
widely used to monitor CMV infection in bone marrow trans-
plant recipients, with subsequent reduction in the incidence of
CMV disease in this population (2). However, this antigen-
based diagnostic method has some disadvantages. It has a low
sensitivity for detecting early CMV infection or disease that
may occur before engraftment due to the lack of leukocytes
readily examinable at this period. It has also a low predictive
value for the occurrence of CMV-related gastroenteritis (3,

14). Moreover, this technique requires immediate processing,
is time-consuming, and cannot be automated.

Molecular techniques based on quantitative PCR have been
used to monitor CMV infection in bone marrow recipients.
Some groups are routinely using in-house quantitative PCR
tests based on either serial dilutions or competition with an
internal positive control (10). However, these methods are
fastidious and time-consuming. A commercial quantitative
PCR assay is now available, but this assay does not detect
CMV infection significantly earlier than the pp65 antigen de-
tection method (5, 7, 19) and is more expensive. Real-time
PCR technology is simple, reliable, and cost-effective (12).
Different groups have developed real-time PCR assays for the
diagnosis of CMV infection (9, 11, 16, 17, 18, 20, 21, 22, 25).
The results of these assays in CMV DNA quantification in
blood demonstrated a good correlation with those of pp65
antigenemia assay (9, 11, 24). Evaluation of quantitative real-
time CMV PCR in monitoring bone marrow recipients gave
encouraging results; it was able to detect virus reactivation
earlier than was the CMV antigenemia assay in patients with
CMV infection and disease (15, 17, 24).

We have developed an in-house quantitative real-time CMV
PCR targeted to the major immediate-early gene. To make the
technique simpler, we chose to detect CMV DNA in blood
plasma rather than in blood leukocytes. Both adult and pedi-
atric allogeneic bone marrow recipients were prospectively
monitored during the posttransplantation period by both the
real-time CMV PCR test and the antigenemia assay. The pe-
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diatric bone marrow recipients in our center are mainly infants
affected with congenital immunodeficiency syndromes. CMV
infection and disease are frequent and severe in these children,
and the advantages of real-time CMV PCR to monitor viral
replication in this population has not been previously de-
scribed. Our study aimed to evaluate the feasibility and advan-
tages of real-time PCR to monitor CMV infection in allogeneic
bone marrow recipients in comparison with the pp65 antigen-
emia reference method.

MATERIALS AND METHODS

Patients. Adults and children who underwent allogeneic bone marrow trans-
plantation in our center between December 2000 and December 2001 were
enrolled in this study. All patients or children’s parents gave their informed
consent to participate to the study.

Monitoring of CMV infection. Monitoring of CMV infection was routinely
performed with the help of CMV culture and CMV pp 65 antigenemia.

(i) CMV culture. Peripheral blood leukocytes isolated from blood, nasopha-
ryngeal aspirates, and bronchoalveolar lavage (BAL) fluid were inoculated into
conventional flask culture or rapid shell cell culture seeded with MRC-5 cells as
described elsewhere (13).

(ii) CMV pp65 antigenemia assay. CMV antigenemia was measured weekly
from the initiation of the conditioning regimen. A 5-ml volume of EDTA-treated
blood was collected from each patient and 2 ml of whole blood was used for the
CMV antigenemia assay. The CMV antigenemia assay was performed by indirect
immunofluorescence detection of pp65 internal matrix phosphoprotein in pe-
ripheral blood leukocytes as specified by the manufacturer (CINA kit; Argene
Biosoft, Varilhes, France). The results were reported as the number of positively
stained cells per 100,000 leukocytes.

CMV real-time PCR test. (i) Samples. From the 5 ml of EDTA-treated blood
drawn for routine antigenemia tests, 1 ml of total blood and 1 ml of plasma were
recovered and stored at �20°C. CMV PCR assays were performed twice a week,
but the CMV PCR results were not communicated to the clinicians who took
care of the patients before the end of the study.

(ii) DNA extraction from blood plasma or whole blood. DNA was extracted
from 200 �l of total blood or blood plasma with the QIAamp DNA blood minikit
as recommended in the protocol supplied by the manufacturer (Qiagen, Courta-
boeuf, France). DNA was eluted from the columns with 50 �l of provided elution
buffer. A 10-�l volume of extracted DNA was used for PCR.

(iii) Real-time PCR probe and primers. We chose the primers and probe in the
UL 123 exon 4 gene because nucleotide sequences of this region from different
strains had been published in GenBank (1, 8). These sequences were aligned with
Clustal software to choose an interstrain-conserved region of this gene for prim-
ers and probe, which were designed with the help of Primer Express 1.0 software
(Applera, Courtaboeuf, France). The sequences of the forward and reverse
primers were 5�-2791AGCGCC GCA TTG AGG A2806-3� and 5�-2833CAG ACT
CTC AGA GGA TCG GCC2853-3�, respectively. The sequence of the probe was
5�-2808ATC TGC ATG AAG GTC TTT GCC CAG TAC ATT2827-3�. The
TaqMan probe was labeled at the 5� end with 6-carboxyfluorescin and at the 3�
end with 6-carboxytetramethylrhodamine (Applera). The PCR amplification was
performed in a total volume of 25 �l in the presence of TaqMan Universal PCR
master mix 2X (Applera), with each primer present at 300 nM and the probe
present at 200 nM.

PCR was performed with the ABI prism 7700 instrument (Applera) under the
following conditions: 2 min at 50°C, 10 min at 95°C, and 45 cycles of 95°C for 15 s
and 60°C for 1 min.

A plasmid containing the amplified sequence of AD 169 strain was constructed
with the pADV TA cloning kit (Clontech, Saint Quentin en Yvelines, France).
This plasmid was used as an external standard. For each batch, serial plasmid
dilutions (range, 105 to 10 copies) were amplified; this allowed the construction
of a standard curve and the quantification of CMV in clinical samples. The
results were reported as the number of CMV genome copies/ml of whole blood
or plasma.

The detection rate of the CMV PCR was 100% when the copy number was
�10 copies per well, and therefore the threshold value was estimated at 250
copies/ml of plasma or whole blood. The specificity of the CMV PCR was
assessed by testing strains of others herpesviruses (herpes simplex virus types 1
and 2 and varicella-zoster virus) in cell culture and plasma of patients with known
Epstein-Barr virus primary or chronic infection. The CMV PCR assay was
negative for all those samples.

Definition of CMV infection and CMV disease. CMV reactivation or primary
infection was defined as the presence of at least one antigen-positive cell per
100,000 cells. Symptomatic CMV infection was described as the association of
pyrexia (�37.5°C) with either thrombocytopenia, neutropenia (less than 0.5 �
109 neutrophils/liter) or elevated liver aminotransferase levels immediately pre-
ceding or coinciding with the diagnosis of CMV infection. CMV disease was
diagnosed by the association of clinical symptoms and histologic or virologic
confirmation of CMV infection of the organ. Definitions of organs involvement
were as follows: (i) pneumonia, as evidenced by clinical symptoms of pneumonia
(radiographic and/or hypoxemia plus CMV in BAL fluid or lung biopsy speci-
men); (ii) gastrointestinal disease, as evidenced by gastrointestinal symptoms
plus histopathological evidence of CMV from gut biopsy specimens; and (iii)
hepatitis, as evidenced by a combination of abnormal liver aminotransferase
levels and histopathological changes consistent with viral hepatitis together with
CMV in liver biopsy specimens by culture or PCR.

Preemptive therapy for prevention of CMV disease. The decision to use pre-
emptive therapy was based on a positive antigenemia test (�1 antigen-positive
cell/100,000 cells) or diagnosis of CMV disease- or CMV infection-related symp-
toms. In this study, PCR results were not used to make decisions about preemp-
tive therapy. Preemptive treatment involved intravenous infusion of either gan-
ciclovir at 10 mg/kg/day or foscavir at 180 mg/kg/day for 2 to 3 weeks followed by
either ganciclovir at 5 mg/kg/day or foscavir at 90/mg/kg/day for 2 to 3 weeks.

Statistical analysis. Nonparametric Spearman correlation coefficients were
used to assess the association between continuous variables (number of antigen-
positive cells and level of CMV DNA in whole blood and in plasma). When
analyzing CMV DNA loads as a continuous variable, values below the limit of
detection were replaced by half the threshold value.

The Wilcoxon test was used for matching samples to compare value over time
(days of first positive antigenemia and first positive PCR as well as days of first
negative antigenemia and negative PCR after treatment).

A P value of �0.05 was accepted as statistically significant.

RESULTS

Patients. Fifty consecutive allogeneic bone marrow trans-
plants recipients were enrolled. Twenty-three were adults re-
quiring bone marrow transplantation for the following under-
lying diseases: 9 for acute myeloblastic leukemia, 4 for chronic
myelogenous leukemia, 3 for acute lymphoblastic leukemia, 2
for non-Hodgkin’s lymphoma, 2 for multiple myeloma, 1 for
chronic lymphocytic leukemia, 1 for primary amyloidosis, and
1 for severe aplastic anemia. Twenty-seven of the patients were
children. One child required bone marrow transplantation for
acute lymphoblastic leukemia. The other 26 children had con-
genital diseases: 7 with combined immunodeficiency syndrome
(SCID), 4 with Wiskott-Aldrich syndrome, 3 with Hurler syn-
drome, 2 with congenital aplasia, 2 with CD40 ligand defi-
ciency, 2 with familial lymphohistiocytosis, 1 with FAS ligand
deficiency, 1 with gamma interferon deficiency, 1 with major
histocompatibility complex class II deficiency, 1 with DiGeorge
syndrome, 1 with osteopetrosis, and 1 with chronic granuloma-
tous disease.

The serostatus for CMV of donors and recipients before
transplantation was as follows: donor positive/recipient posi-
tive in 18 cases, donor negative/recipient negative in 13 cases,
donor positive/recipient negative in 8 cases, and donor nega-
tive/recipient positive in 11 cases. The 50 enrolled patients
were followed up for a median of 107 days (range, 37 to 328),
and a median of 11.5 (range, 5 to 22) samples per patient were
analyzed.

Comparison of CMV real-time PCR results obtained from
blood plasma and whole blood. A total of 202 samples were
tested simultaneously in blood plasma and in whole blood; 140
samples were positive in blood plasma, while 145 were positive
in whole blood. The correlation between CMV loads obtained
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in these two types of samples were highly significant (r � 0.873
and P � 0.0001 by the Spearman test) (Fig. 1). On the basis of
these results obtained with the first 202 samples, we decided to
use blood plasma as PCR templates for the rest of the study.

Comparison of the pp65 antigenemia assay with the CMV
real-time PCR in blood plasma. Real-time PCR in plasma and
the pp65 antigenemia assay were assessed on 558 samples
(Table 1). A total of 371 samples were negative for both assays
and 69 were positive in the two tests. The sensitivity of the
CMV antigenemia assay was much lower: 108 samples were
CMV PCR positive and CMV antigenemia negative. Ten sam-
ples were negative in the CMV PCR test but tested positive
with the CMV antigenemia assay. For these 10 samples, only
one positive cell/100,000 cells was reported. These iterative low
positive antigenemias associated with a negative CMV PCR
were obtained from four different patients during their fol-
low-up after discontinuation of ganciclovir or foscavir treat-
ment for CMV infection.

The results obtained for the two diagnostic methods with the
558 samples were significantly correlated (R � 0.732, P �
0.0001 by the Spearman test). In the 177 PCR-positive sam-
ples, the number of CMV DNA copies was correlated with the
number of pp65-positive cells (r � 0.609, P � 0.0001 by the
Spearman test), as shown in Fig. 2. CMV PCR-positive sam-
ples were classified into three groups according to the results of
pp65 antigenemia (Fig. 3a). By definition, samples were neg-
ative for pp65 antigenemia in group 1 (n � 108), positive but
with �10 positive cells in group 2 (n � 45), and positive with
�10 positive cells in group 3 (n � 24). The median CMV DNA
level in samples from group 1 was 700 (2.9 log10) copies/ml

(range, 250 to 53,900). The median CMV DNA level in group
2 was 3,000 (3.5 log10) copies/ml (range, 250 to 130,000) and
was significantly higher than in group 1 (P � 0.007 by the
Wilcoxon test). In group 3, the CMV DNA median was 17,500
(4.2 log10) copies/ml (range, 2,000 to 335,000) and was there-
fore significantly higher than in group 2 (P � 0.0009 by the
Wilcoxon test).

Comparison of the day of first positive CMV PCR and the
day of first positive CMV antigenemia. Twenty patients devel-
oped a positive CMV PCR result, and altogether there were 24
episodes of CMV reactivation detected by PCR. In 17 of these
episodes, both the CMV PCR and CMV antigenemia assays
were positive. For these 17 episodes, the CMV PCR test was
positive before the antigenemia assay in 15 cases and on the
same day in 2 cases. CMV antigenemia was positive before
CMV PCR in none of these episodes. When both CMV anti-
genemia and CMV PCR assays were positive, the median day
for the first positive PCR result and the first positive antigen-
emia result after transplantation were 28 days (range, 0 to 112)
and 45 days (range, 0 to 119), respectively. The CMV PCR test
was therefore positive significantly earlier than the CMV an-
tigenemia test (P � 0.001 by the Wilcoxon test). The first
positive CMV PCR result preceded the first positive antigen-
emia result by a median of 8 days (range, 0 to 46).

Comparison of treatment follow-up for CMV PCR and the
pp65 antigenemia assay. Treatment induced a rapid decrease
of both the number of viral copies in plasma and of the number
of CMV antigen-positive cells. All but one of the treated pa-
tients achieved a negative CMV antigenemia result earlier
than a negative CMV PCR result. The median time interval
necessary to obtain a negative antigenemia result and a nega-
tive PCR result was 16 days (range, 3 to 37) and 28 days (range,
7 to 80), respectively. The first negative antigenemia result
preceded the first negative PCR result by a median of 10 days
(range, 0 to 50). CMV antigenemia was therefore negative
significantly earlier than was CMV PCR (P � 0.005 by the
Wilcoxon test).

Comparison of plasma CMV viral loads in patients with
symptoms of CMV infection and in asymptomatic patients.
Twenty patients developed a positive CMV PCR result in
plasma, with a total of 24 episodes of positive CMV PCR.
Thirteen episodes of CMV replication were associated with

FIG. 1. Correlation between CMV DNA loads in blood plasma and
CMV DNA loads in whole blood for 202 samples (Spearman test: r �
0.873, P � 0.0001). CMV DNA loads below the limit of detection were
replaced by half the threshold value (2.09 log10 copies/ml).

FIG. 2. Correlation between CMV DNA loads in blood plasma and
CMV antigen-positive cells in the 177 PCR-positive samples (Spear-
man test: r � 0.609, P � 0.0001).

TABLE 1. Results of CMV pp65 antigenemia and real-time
CMV PCR of blood plasma for 558 blood samples

CMV PCR in
blood plasma

No. of samples with
following CMV pp65
antigenemia result:

Total no. of
samples

Positive Negative

Positive 69 108 177
Negative 10 371 381

Total 79 479 558
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CMV-related symptoms, nine patients were asymptomatic, and
for one patient (patient 12) it was impossible to determine if
the clinical symptoms observed were linked to CMV infection
since this patient concomitantly had a severe lymphoprolifera-
tive disease. The peak CMV viral load in plasma was signifi-
cantly higher in the symptomatic group, with a median of
15,000 (4.2 log10) copies/ml (range, 1,000 to 450,000) than in
the asymptomatic group, with a median CMV load of 3,000
(3,5 log10) copies/ml (range, 250 to 12,600) (P � 0.0109 by the
Wilcoxon test) (Fig. 3b).

Incidence of CMV replication, CMV infection, and CMV
disease in the adult population. Thirteen adults (2 donor pos-
itive/recipient positive [D�/R�], 1 D�/R�, 1 D�/R�, 9 D�/
R�) did not develop CMV reactivation or infection: all of their
samples tested negative for both CMV PCR and antigenemia
tests. A positive CMV PCR result was observed in 10 (43%) of
the 23 adult patients (Table 2). For these 10 patients, it was a
reactivation of CMV replication. A positive CMV PCR result
was followed by a positive antigenemia result for 8 patients.
Two patients (patients 9 and 10) developed a positive PCR

result with a negative antigenemia result a few days before
their death, and there was no follow up. Among the 10 patients
with a positive CMV PCR result, 5 (50%) had CMV infection-
related symptoms but none developed CMV disease. Of the 10
patients with a positive CMV PCR result, 8 had been given
ganciclovir or foscavir preemptive therapy because of a posi-
tive antigenemia and 2 were not treated because they died the
day after the first positive test.

Incidence of CMV replication, CMV infection, and CMV
disease in the pediatric population. Of the 27 children, 17 (5
D�/R�, 6 D�/R�, 2 D�/R�, 4 D�/R�) did not develop CMV
replication: antigenemia and CMV PCR were both negative
during the follow-up of these 17 children.

Ten children (37%) developed a positive CMV PCR result
with a total of 14 positive CMV PCR episodes (Table 2). Of
these 10 children, 9 (patients 11 to 19) had been treated for
severe symptomatic CMV infection in the pretransplantation
period. The last one (patient 20) had a primary CMV infec-
tion posttransplantation, linked to a seropositive donor.
Two children (patients 11 and 13) had two episodes of CMV
reactivation, and one (patient 12) had three episodes. CMV
reactivation was symptomatic in eight episodes of replication,
asymptomatic in four, and indeterminate in two. Three chil-
dren developed CMV disease: one developed CMV pneumo-
nia, one developed CMV enterocolitis, and one developed
CMV hepatitis (Table 2).

A positive CMV PCR result was followed by a positive CMV
antigenemia result in nine episodes. Four children had repeat-
able positive CMV PCR results in plasma with negative anti-
genemia tests. Of these four children, two developed CMV
disease and one developed CMV infection-related symptoms.
The first child (patient 17) developed fever and showed a rise
of liver aminotransferase levels associated with the recovery of
CMV in urine and nasopharyngeal aspirates. The second pa-
tient (patient 18) developed a positive blood plasma PCR
result on day 84, associated with the recovery of CMV in the
urine and nasopharyngeal aspirates without any related symp-
toms. The third child (patient 19) developed symptoms of
gastrointestinal disease around day 110, with histological signs
of viral infection and a positive CMV PCR result in gut biopsy
specimens. The fourth child (patient 20) developed a very
severe interstitial pneumonia on day 30, with a positive CMV
PCR result for BAL fluid and CMV recovery by culture in
blood.

In 13 of the 14 positive CMV PCR episodes, preemptive
treatment was implemented either because of a positive anti-
genemia or because of CMV-related symptoms. Only one ep-
isode of positive CMV PCR was not treated, because antigen-
emia was negative and there were no associated symptoms. In
this case, the positive CMV PCR result occurred late after
transplantation (day 84), the CMV viral load was not high
(3,000 copies/ml), and after 3 weeks the CMV PCR result
became spontaneously negative and the child did not develop
CMV disease.

DISCUSSION

This work aimed to evaluate the sensitivity of a real-time
PCR assay of blood plasma to detect CMV replication in adult
and pediatric bone marrow transplant recipients and its clinical

FIG. 3. (a) CMV DNA loads in plasma based on the number of
antigen-positive cells. PCR-positive samples were classified into three
groups according to the results of the pp65 antigenemia assay. Samples
in group 1 (n � 108) were negative for antigenemia, samples in group
2 (n � 45) were positive with �10 antigen-positive cells, and samples
in group 3 (n � 24) were positive with �10 antigen-positive cells. Me-
dian CMV DNA loads were significantly higher in group 2 than in
group 1 (Wilcoxon test: P � 0.007) and in group 3 than in goup 2
(Wilcoxon test: P � 0.0009). (b) Comparison of peak CMV DNA viral
loads in patients with CMV infection-related symptoms (n � 13) and
in asymptomatic patients (n � 9). The median peak CMV DNA load
was significantly higher in the symptomatic group than in the asymp-
tomatic group (Wilcoxon test: P � 0.0109). Horizontal bars indicate
the medians.
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relevance. This evaluation was done by comparing the CMV
PCR assay of blood plasma with the CMV antigenemia assay
used as a reference method.

In this study, the real-time CMV PCR assay of plasma was
highly sensitive and the results of CMV DNA detection in
whole blood and in blood plasma were highly correlated with
identical sensitivity of this assay in the two types of blood
samples. In previous studies, both in-house and commercial
CMV PCR assays of blood plasma had demonstrated a lower
sensitivity than the antigenemia assay or than PCR of blood
leukocytes (3, 5, 19, 23) and comparison of CMV detection
with a real-time PCR method in blood plasma, whole blood,
and blood leukocytes showed a trend for a more sensitive
CMV DNA detection in blood leukocytes and whole blood
than in blood plasma (16). In a recent study, CMV DNA of
plasma was found to be highly fragmented (6). In this study,
because of this fragmentation, quantitative PCR targeting a
small amplicon consistently gave higher quantitative results
than did assays amplifying a larger amplicon. In our study, the
PCR target (74 bp) was smaller than those used in other
studies (3, 5, 19, 23). This could explain why the sensitivity of
our PCR test was equivalent for plasma and whole blood.

We found a significant correlation between the number of
CMV antigen-positive cells and the CMV DNA load in
plasma, as already reported (22, 24). However, in this study
there were samples which had negative or low antigenemia
counts along with large numbers of CMV DNA copies in
plasma. Others also reported such discrepancies when com-
paring the antigenemia assay results and viral loads obtained
with the real-time PCR assay of blood leukocytes (9, 11).

Quantitative CMV PCR performed on a blood sample evalu-
ates the number of CMV genome copies present in this sam-
ple. This quantification of genome copies is a good reflection
of the number of viral particles present in the blood (since one
particle contains only one copy of the genome) and therefore
is a good reflection of CMV replication in the blood compart-
ment. Conversely, CMV antigenemia detects the tegument
phosphoprotein (pp65) present in blood polynuclear cells; this
protein is synthesized in excess during viral multiplication and
accumulates in blood cells. Therefore, quantification of CMV
antigen-positive cells roughly reflects the level of CMV multi-
plication, explaining its correct predictive value for CMV dis-
ease, but probably gives a less accurate reflection of CMV
replication than does quantification of viral particles by PCR.

Real-time CMV PCR in blood plasma allowed an early
diagnosis of CMV replication after transplantation, with a pos-
itive CMV PCR result occurring before a positive CMV anti-
genemia result by a median of 8 days. Griscelli et al. (11) also
found that CMV replication in blood leukocytes was detect-
able by PCR a mean of 15 days prior to antigenemia. If the
decision to use preemptive therapy on our population had
been based on the first positive PCR result, most patients
would have been treated between 1 and 2 weeks earlier. Fur-
thermore, monitoring of CMV infection treatment showed
that a negative CMV PCR result was achieved after a median
of 28 days (10 days after a negative antigenemia result). Since
real-time CMV PCR of plasma is very sensitive for detection of
CMV replication, a negative PCR might be an indicator of a
completely successful treatment. Therefore, discontinuation of
therapy based on a negative PCR result is probably safe. By

TABLE 2. Characteristics of the 20 patients who developed a positive CMV PCR result

Patient
no.

Age
(yr) Sexa

CMV
serostatus

(D/R)

Day of first
positive

PCR result

Day of first
positive

antigenemia
resulta

Peak CMV level
(copies/ml) by: CMV

infection
symptomsa

CMV
disease

Treatment drug/
first daya Outcome Cause of

deatha

PCR Antigene-
mia assaya

Adults
1 33 F �/� 28 46 21,000 88 Yes No GCV/D56 Alive
2 40 F �/� �1 45 15,000 43 Yes No FOS/D45 Alive
3 28 M �/� 28 57 1,400 6 Yes No GCV/D57 Alive
4 51 F �/� 25 42 12,000 5 Yes No GCV/D42 Dead (D87) Fungus
5 31 F �/� 42 42 105,000 100 Yes No GCV/D42 Dead (D142) GVH
6 39 M �/� 34 44 300 2 No No No Dead (D45) Relapse
7 38 F �/� 44 51 2,000 2 No No GCV/D51 Alive
8 50 M �/� 41 49 4,200 5 No No GCV/D49 Alive
9 56 M �/� 38 NF 250 NF No No No Dead (D39) Relapse
10 34 M �/� 79 NF 250 NF No No No Dead (D80) Sepsis

Children
11 2 F �/� 13 30 8,000 10 No No GCV � FOS/D35

69 76 9,000 12 No No GCV/D76 Alive
12 4 F �/� �8 �8 450,000 50 Yes Hepatitis GCV � FOS/D-7

57 64 4,000 26 Int No GCV � FOS/D64
97 104 3,000 9 Int No GCV � FOS/D104 Dead (D125) PTLD

13 3 F �/� 30 Neg 1,700 Neg Yes No FOS � GCV/D30
112 119 24,000 17 Yes No FOS/D119 Dead (D145) Pneumonia

14 8 M �/� �11 �1 125,000 12 Yes No FOS/D0 � GCV/D24 Alive
15 0.3 M �/� �10 �3 130,000 2 Yes No GCV/D8 Alive
16 2 M �/� �10 30 12,600 3 No No FOS/D15 Alive
17 1 F �/� 35 Neg 2,400 Neg Yes No GCV/D30 Alive
18 0.5 M �/� 84 Neg 3,000 Neg No No No Alive
19 0.9 M �/� 0 Neg 4,300 Neg Yes Colitis CID/D-40 Alive
20 1 F �/� 31 Neg 1,000 Neg Yes Pneumonia GCV/D30 Dead (D42) CMV pneumonia

a F, female; M, male; GCV, ganciclovir; FOS, foscavir; CID, cidofovir; PTLD, posttransplantation lymphoproliferative disease; NF, no follow-up; Neg, negative; Int,
indeterminate.
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contrast, discontinuation based on the first negative antigen-
emia result has led to a significant number of CMV pneumonia
(2). For this reason in our center, patients with CMV replica-
tion are empirically treated with intravenous ganciclovir at 10
mg/kg/day for 2 to 3 weeks and then at 5 mg/kg/day for 2 to 3
weeks; they therefore receive antiviral treatment for at least 5
weeks. Monitoring of treatment efficacy by CMV PCR might
help to adapt the duration of treatment to each individual.
Therefore, the use of real-time CMV PCR to guide preemptive
treatment might have the advantages of reducing the occur-
rence of CMV disease, since patients would be treated earlier,
and of allowing a shorter duration of treatment, with potential
attenuation of antiviral side effects. Indeed, a shorter course of
antiviral treatment might allow patients to overcome the in-
crease in invasive fungal infection described in studies using
either antigenemia-guided early treatment at low level of an-
tigenemia or ganciclovir prophylaxis (2, 4).

In our center, the majority of pediatric bone marrow trans-
plant recipients have congenital immunodeficiency syndromes.
These children frequently either have severe CMV primary
infection in the pretransplantation period or are at high risk for
developing posttransplantation primary infection. They often
experience two or more episodes of CMV replication and
receive long courses of antiviral treatment. Monitoring CMV
infection with a sensitive quantitative CMV PCR assay in this
population appears to be particularly useful. For example, in
our study, CMV PCR of blood plasma gave positive results for
one child who developed early CMV pneumonia posttrans-
plantation and for another child with CMV gastroenteritis,
while CMV antigenemia assays were repeatedly negative. In
both cases, the CMV viral load in plasma was not high, reflect-
ing a low level of CMV replication in the blood compartment,
in contrast to the a strongly positive detection in the organs
involved. These results confirm the lack of sensitivity of the
antigenemia assay and the advantage of CMV PCR in cases of
early CMV disease or CMV infection of the gut (3, 14, 17).

We were concerned that a policy of real-time plasma PCR-
guided preemptive therapy would increase the total number of
bone marrow recipients treated for CMV infection, since this
technique is more sensitive than the antigenemia assay. How-
ever, in our study, all early positive CMV PCR results (�80
days) had been associated with a positive antigenemia and/or
CMV related infection or disease, and we therefore think that
an initial positive CMV PCR result with in blood plasma within
the first 80 days of transplantation should lead to implemen-
tation of preemptive treatment. Alternatively, an initial posi-
tive CMV PCR result occurring in the late posttransplantation
period, when bone marrow recipients have recovered part of
their immune defenses, should be carefully interpreted: either
the CMV viral load in plasma is high and the preemptive
treatment should not be delayed or the viral load is low and
only a further increase of CMV load should lead to preemptive
treatment.

In conclusion, CMV real-time PCR with blood plasma dem-
onstrated a better sensitivity than the CMV antigenemia assay
and also showed good clinical relevance. Moreover, this CMV
PCR test has the advantage of being easily performed with a
small amount of blood plasma and with stored specimens,
while the CMV antigenemia test requires larger samples and
immediate processing. We have implemented routine CMV

real-time PCR of plasma to monitor CMV infection in bone
marrow transplant recipients in our center. All patients are
monitored weekly by a CMV PCR test, and preemptive treat-
ment is started at the first positive PCR result when it occurs
within the first 80 days posttransplantation. After 80 days post-
transplantation, preemptive treatment is implemented only if
the CMV viral load is high or increasing. After a minimum of
14 days, preemptive treatment is discontinued on obtaining a
negative CMV PCR. The impact of this new protocol on the
occurrence of early and late CMV disease, early invasive fun-
gal infection, and mortality will be evaluated in our clinical
settings.
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