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Human cytomegalovirus (HCMV) infection was monitored retrospectively by qualitative determination of
pp67 mRNA (a late viral transcript) by nucleic acid sequence-based amplification (NASBA) in a series of 50 trans-
plant recipients, including 26 solid-organ (11 heart and 15 lung) transplant recipients (SOTRs) and 24 bone
marrow transplant recipients (BMTRs). NASBA results were compared with those obtained by prospective
quantitation of HCMV viremia and antigenemia and retrospective quantitation of DNA in leukocytes (leukoDNAe-
mia). On the whole, 29 patients were NASBA positive, whereas 10 were NASBA negative, and the blood of 11
patients remained HCMV negative. NASBA detected HCMV infection before quantitation of viremia did but
after quantitation of leukoDNAemia and antigenemia did. In NASBA-positive blood samples, median levels of
viremia, antigenemia, and leukoDNAemia were significantly higher than the relevant levels detected in NASBA-
negative HCMV-positive blood samples. By using the quantitation of leukoDNAemia as the “gold standard,”
the analytical sensitivity (47.3%), as well as the negative predictive value (68.3%), of NASBA for the diagnosis
of HCMV infection intermediate between that of antigenemia quantitation (analytical sensitivity, 72.3%) and
that of viremia quantitation (analytical sensitivity, 28.7%), while the specificity and the positive predictive value
were high (90 to 100%). However, with respect to the clinically relevant antigenemia cutoff of >100 used in this
study for the initiation of preemptive therapy in SOTRs with reactivated HCMV infection, the clinical
sensitivity of NASBA reached 100%, with a specificity of 68.9%. Upon the initiation of antigenemia quantita-
tion-guided treatment, the actual median antigenemia level was 158 (range, 124 to 580) in SOTRs who had
reactivated infection and who presented with NASBA positivity 3.5 6 2.6 days in advance and 13.5 (range, 1
to 270) in the group that included BMTRs and SOTRs who had primary infection (in whom treatment was
initiated upon the first confirmation of detection of HCMV in blood) and who presented with NASBA positivity
2.0 6 5.1 days later. Following antiviral treatment, the durations of the presence of antigenemia and pp67
mRNA in blood were found to be similar. In conclusion, monitoring of the expression of HCMV pp67 mRNA
appears to be a promising, well-standardized tool for determination of the need for the initiation and
termination of preemptive therapy. Its overall clinical impact should be analyzed in future prospective studies.

In the last few years, major advances have been made in the
diagnosis of human cytomegalovirus (HCMV) infections in
various transplant patient populations. The first major break-
through was the development of the shell vial assay method,
which leads to HCMV isolation and identification by means
of a p72-specific monoclonal antibody 16 to 24 h after inocu-
lation. This method, which was introduced in 1984 (19) and
whose quantitative performance was significantly improved in
1990 (14), was found to be very useful in the monitoring of
HCMV infections and the evaluation of the effect of antiviral
treatment in peripheral blood leukocytes (PBLs) (18). A sec-
ond major advancement was made with the introduction of the
antigenemia assay for the detection and quantitation of the
number of circulating PBLs carrying HCMV pp65 in the nu-
cleus by using a pool of pp65-specific monoclonal antibodies
(32, 39). Although antigenemia only reflects the accumulation
of this excess viral protein in PBL nuclei, a good correlation

was found between high levels of antigenemia and the presence
of HCMV-related clinical symptoms (12, 38). Following the de-
velopment of qualitative PCR for the detection of HCMV
DNA in PBLs (7, 25, 34, 42) and the monitoring of antiviral
treatment (6, 18), quantitative PCR methods were developed
for the quantification of viral DNA in both PBLs and plasma
(3, 8, 9, 11, 35–37). A good correlation between high levels of
viral DNA and the presence of clinical symptoms in both trans-
plant recipients and AIDS patients was shown (11, 15, 16).

However, apart from the quantitation of viremia, which
lacks sensitivity, neither the quantitation of antigenemia nor
the quantitation of DNA in leukocytes (leukoDNAemia) or
plasma DNAemia appears to correlate consistently with actual
virus replication in vivo (16). This might be due to the fact that
polymorphonuclear leukocytes are not permissive for HCMV
replication and that the viral material transported by this leu-
kocyte subpopulation and quantitated by different diagnostic
assays is taken up from HCMV-infected cells in vivo (22, 33).
Therefore, determination of the presence of viral transcripts
could represent a more direct marker of HCMV replication
in vivo. HCMV immediate-early and late viral transcripts have
been detected by different technical approaches, with some-
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what discordant results regarding their clinical significance (1,
2, 20, 29–31, 40). However, it seems that late transcripts might
better reflect active HCMV replication, dissemination, and
disease (20, 21, 27, 30). Some major drawbacks in the detection
of viral transcripts have been represented by the instability of
the mRNAs and by the difficulty in differentiating between RNA-
and DNA-derived PCR products in the case of unspliced
transcripts. Treatment with DNase prior to PCR does not
seem to guarantee the total degradation of viral DNA (1, 27,
30) and consequently bears the risk of false-positive results.
Unlike reverse transcription-PCR, the detection of mRNA by
using the recently introduced nucleic acid sequence-based am-
plification (NASBA) assay, which allows the specific amplifi-
cation of unspliced mRNA in a background of DNA, appears
to be particularly promising (5). Recently, it has been reported
that the monitoring of HCMV infections in renal allograft
recipients by the detection of pp67 mRNA in blood by NASBA
is highly specific and sensitive and that NASBA can be used to
monitor the natural history of HCMV infection and the effect
of antiviral treatment (2).

In the present study we investigated the clinical significance
of the retrospective detection of pp67 mRNA in blood (late
RNAemia) by NASBA by comparing its qualitative results with
the results of prospective quantitation of viremia and antigen-
emia and retrospective quantitation of leukoDNAemia in a se-
ries of 50 transplant recipients, including solid organ (SOTRs),
i.e., heart transplant recipients (HTRs) and lung transplant reci-
pients (LTRs), and bone marrow transplant recipients (BMTRs).
Preliminary results seem to justify the conclusion that moni-
toring of the expression of pp67 mRNA might be used as a
reliable marker for the need for the initiation of antiviral
treatment and might also be used as a marker for the need for
the termination of therapy.

MATERIALS AND METHODS

Patients. From July 1997 to May 1998 a total of 50 transplant recipients (11
HTRs, 15 LTRs, and 24 BMTRs) were enrolled in the study. HTRs and LTRs
underwent transplantation at the Cardiac Surgery Department, whereas BMTRs
were given an allogeneic marrow transplant at the Department of Pediatrics or
at the Division of Hematology, University Hospital Istituto di Ricovero e Cura a
Carattere Scientifico Policlinico San Matteo, Pavia, Italy. All these patients were
monitored for HCMV infection at the Viral Diagnostic Service, Istituto di Ricov-
ero e Cura a Caraterre Scientifico Policlinico San Matteo. The patients under-
went follow-up for a 3-month period. If the patients still showed virological signs
of active HCMV infection after 3 months, follow-up continued until the disap-
pearance of active HCMV infection or until 20 weeks after transplantation.
During the follow-up period, heparinized or EDTA-treated blood samples were
collected weekly or more or less than once a week, according to the kinetics of
HCMV infection. The serostatuses of the donors and recipients were determined
by enzyme-linked immunosorbent assay prior to transplantation by methods
developed in the laboratory (13).

In HTRs and LTRs, the immunosuppressive regimen comprised cyclosporine
(Cs-A), azathioprine, and steroids supplemented by a course of antithymocyte
globulin. More recently, in some patients Cs-A was replaced by FK 506 (tacro-
limus; Fujisawa Pharmaceutical Co., Deerfield, Ill.) at a dosage of 0.03 to 0.1 mg/
kg of body weight/day. Patients with allograft rejection episodes were treated
with a daily bolus of intravenous methylprednisolone (1 g or 500 mg) for 3 days.
Patients with steroid-resistant rejections were treated with either antithymocyte
globulin or OKT3. In BMTRs, graft-versus-host disease (GVHD) prophylaxis
consisted of Cs-A for patients receiving transplants from a sibling with an iden-
tical HLA, whereas patients receiving bone marrow from a family donor with a
partially matched HLA received in vitro T-cell-depleted marrow, and patients
receiving a transplant from a matched but unrelated donor were treated with, in
addition to Cs-A, short-term methotrexate, steroids, and the monoclonal anti-
body Campath-1G. Patients with acute GVHD were treated with steroids as
first-line therapy, and resistant patients were treated with horse anti-lymphocyte
globulin (10, 28).

Antiviral treatment. A preemptive therapy approach was adopted for patients
with all types of transplants. Ganciclovir (GCV) was administered intravenously
at a standard dosage of 10 mg/kg/day for at least 14 days or until pp65 antigen-
emia clearance. Alternatively, foscarnet (PFA) was administered intravenously
at a dosage of 180 mg/kg/day for 21 days or until antigenemia clearance. The
indication for the initiation of antiviral therapy was an antigenemia level of $100

in four SOTRs undergoing reactivated infections, whereas in five patients with
primary HCMV infection, treatment was started when the first confirmed posi-
tive antigenemia result was obtained (24). When required, secondary courses of
treatment were administered to patients presenting with secondary episodes of
HCMV infection. In 14 BMTRs, therapy was started either immediately when
two or more pp65-positive PBLs were detected or when detection of one or two
pp65-positive PBLs was confirmed on the following days by similar or higher
levels of pp65-positive PBLs. In four HTRs and one LTR with rejection episodes,
antiviral agents were administered (24) independently of the level of antigen-
emia. Similarly, in BMTRs, GVHD was consistently treated with either GCV or
PFA or a combination of both (with half the dosage of each drug when both
drugs were used) to prevent HCMV reactivation (10, 28).

Virological follow-up. All patients were virologically monitored for HCMV
infection by prospective quantitation of pp65 antigenemia and viremia and ret-
rospective quantitation of leukoDNAemia and late RNAemia. The quantitation
of pp65 antigenemia was achieved under a fluorescence microscope by counting
the numbers of PBLs positive for pp65/2 3 105 cells examined with cytospin
preparations stained with a pool of three pp65-specific monoclonal antibodies,
according to a previously reported procedure (12). The quantitation of viremia
was achieved by inoculating 2 3 105 PBLs onto human embryonic lung fibroblast
cell cultures by the shell vial technique and then at 16 to 24 h after infection
counting the numbers of fibroblast nuclei positive for the HCMV immediate-
early antigen p72 (14). Conventional virus isolation from PBLs or other clinical
samples was performed with human embryonic lung fibroblast cell cultures after
the appearance of a cytopathic effect within 2 weeks after infection. Negative
cultures were blindly passaged for another 2-week period. HCMV was identified
as reported previously (14).

LeukoDNAemia was quantitated by PCR following the extraction of DNA
from PBL samples by cell lysis with proteinase K and ethanol precipitation (16).
The previously described PCR method for viral DNA quantitation with external
standards and an internal amplification control (9) was modified by using a new
internal control (16), which was constructed by following the same principle de-
scribed previously (41). This method allowed reproducible HCMV DNA quan-
tification in the range of 101 to 104 genome equivalents (GEs)/0.5 mg of PBL DNA
(corresponding to about 105 PBLs) by using the single-step quantitative PCR.

NASBA. The Nuclisens CMV pp67 assay was carried out according to the
manufacturer’s instructions (Organon Teknika, B.V., Boxtel, The Netherlands).
Briefly, 0.1 ml of heparinized or EDTA-treated blood was added to 0.9 ml of
NASBA lysis buffer (4.7 M guanidinium thiocyanate, 46 mM Tris [pH 6.4],
20 mM EDTA, 1.2% [wt/vol] Triton X-100), and the mixture was stored at
270°C. A standardized amount of system control (SC) RNA, which served as a
positive control for the isolation, amplification, and detection of RNA during the
NASBA procedure, was added prior to nucleic acid isolation (2), which was
performed essentially as described by Boom et al. (4). The nucleic acids were
finally eluted in 50 ml of 1.0 mM Tris (pH 8.5) and were stored at 220°C. The
NASBA amplification reaction was performed with two primers which were
designed to amplify part of the mRNA encoding HCMV pp67 (the UL 65 gene
product). NASBA reactions were carried out as described by Kievits et al. (26)
in a 20-ml reaction mixture containing 40 mM Tris (pH 8.5), 12 mM MgCl2, 70
mM KCl, 15% (vol/vol) dimethyl sulfoxide, 5 mM dithiothreitol, each de-
oxynucleoside triphosphate at a concentration of 1 mM, ATP, CTP, and UTP
each at a concentration of 2 mM, 1.5 mM GTP, 0.5 mM ITP, 2 mg of bovine
serum albumin, 0.08 U of RNase H, 32 U of T7 RNA polymerase, 6.4 U of avian
myeloblastosis reverse transcriptase, each primer at a concentration of 0.2 mM,
and 5 ml of isolated nucleic acids. Prior to the addition of the enzymes, the
NASBA reaction mixtures were incubated for 5 min at 65°C to destabilize the
secondary RNA structures and were then cooled for 5 min to 41°C to allow
primer annealing. Following the addition of the enzymes, the reaction mixtures
were incubated at 41°C for 90 min and were then stored at 220°C.

The amplification products (wild-type and SC RNA) were then diluted in
detection diluent and were incubated for 30 min at 41°C with biotinylated
pp67-specific capture probe bound to 5 mg of streptavidin-coated magnetic beads
and 3 3 1011 molecules of a ruthenium-labeled oligonucleotide detection probe
specific for either pp67 mRNA or SC RNA (2). As a negative control, the de-
tection diluent was also incubated with the wild-type RNA probe and the oligo-
nucleotide bound to magnetic beads. Following incubation, an assay buffer so-
lution was added and the tubes were placed in an electrochemiluminescence
instrument (NASBA QR System; Organon Teknika B.V.) for final reading of the
results.

Statistical analysis. Differences in the means of parametric data (by the
Lilliefords test for normality) were tested by using the t test, whereas differences
in the means of nonparametric data were tested by the Kolmogorov-Smirnov test
for unpaired data. In addition, the Pearson chi-square test was used to test dif-
ferences in proportions.

RESULTS

Incidence of HCMV infection in transplant recipient popu-
lations. Data relevant to the immune status of the donors and
recipients are reported in Table 1. Of the 50 patients exam-
ined, 39 developed HCMV infection, and of these, 6 had pri-
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mary HCMV infections and 33 had reactivated HCMV infec-
tions. Due to the preemptive therapy approach, overt disease
was observed in only two patients, who had HCMV gastritis in
the late stage of HCMV infection. Eleven patients remained
HCMV negative during the entire follow-up period.

According to the results provided by the different assays, the
50 patients were divided into the following three groups: group
I included 29 patients (10 HTRs, 10 LTRs, and 9 BMTRs) who
were NASBA positive and antigenemia and leukoDNAemia
quantitation positive and 4 patients who were viremia quanti-
tation negative; group II included 10 patients (4 LTRs and
6 BMTRs) who were NASBA negative but HCMV positive
(10 by antigenemia quantitation, 9 by leukoDNAemia quanti-
tation, and 2 by viremia quantitation); and group III included
the remaining 11 patients (1 HTR, 1 LTR, and 9 BMTRs) who
were negative by all assays (Table 1). On the whole, 552 blood
samples were examined: 137 from HTRs, 156 from LTRs, and
the remaining 259 from BMTRs.

Detection of HCMV infection. All 552 blood samples tested
for pp67 by NASBA were also tested for antigenemia, whereas
545 could be tested for viremia, and 548 could be tested for
leukoDNAemia. The comparison of the results obtained by the
different assays is reported in Table 2. Of the 206 antigenemia
quantitation-positive samples, only 102 (49.5%) were NASBA
positive, whereas of the 346 antigenemia quantitation-negative
samples, as many as 324 (93.7%) were also NASBA nega-
tive. However, all of the 14 blood samples with levels of anti-
genemia of $100 were NASBA positive. Similarly, of the 254
leukoDNAemia quantitation-positive samples, 121 (47.6%)
were NASBA positive, whereas nearly all (99.3%) of the 294
leukoDNAemia quantitation-negative samples were also
NASBA negative. On the whole, 29 of 30 (96.7%) blood sam-
ples with leukoDNAemia levels of $1,000 GEs were NASBA
positive. Finally, of the 71 viremia quantitation-positive sam-
ples, 51 (71.8%) were also NASBA positive, whereas of the 474
viremia quantitation-negative samples, 402 (84.8%) were also
NASBA negative. All of the 14 samples with levels of viremia
of $10 were NASBA positive. On the other hand, about 20%
of samples with antigenemia, leukoDNAemia, and viremia lev-
els of ,100, ,1,000, and ,10 (the clinically significant thresh-
old values), respectively, were NASBA positive (Table 2).

The difference in the distribution of concordant and discor-
dant results, according to the different pairs used for compar-
ison, is reported in detail in Table 2 both for the total trans-
plant recipient population and for the three separate groups of
transplant recipients. Statistical analysis showed that the con-
cordant results were significantly greater than the discordant
results for the total transplant patient population as well as for
the three separate groups of transplant recipients.

By using leukoDNAemia as the “gold standard” and a cutoff

of $10 GEs for a diagnosis of HCMV infection, the analytical
sensitivity of the pp67 NASBA (47.3%) appeared to be inter-
mediate between that of antigenemia quantitation (72.3%) and
that of viremia quantitation (28.7%) (Table 3). Similarly, the

TABLE 1. Serological status of donors and recipients with respect to development and treatment of HCMV infection
in the different transplant patient populations

Transplant patient
population

No. of patients with HCMV infection/no. of patients tested according
to the following donor/recipient serological status (%):

No. of NASBA positive
patients/no. of HCMV-

positive patients (%)

No. of treated patients/
no. of HCMV positive

patients (%)1/2 2/1 1/1 2/2 Total

HTRs 3/4 0 7/7 0 10/11 (90.9) 10/10 (100) 6/10 (60.0)
LTRs 2/2 2/3 10/10 0 14/15 (93.3) 10/14 (71.4) 8/14 (57.1)
BMTRs 0/3 5/6 9/14 1a/1 15/24 (62.5) 9/15 (60.0) 14/15b (93.3)

Total 5/9 7/9 26/31 1a/1 39/50 (78.0) 29/39 (74.4) 28/39 (71.8)

a Primary infection caused by administration of several blood units.
b One BMTR was not treated because of an abortive infection.

TABLE 2. Comparison of pp67 NASBA with antigenemia, viremia,
and leukoDNAemia quantitation results

HCMV assay
result

Transplant
patient popula-

tion (cutoff)

No. (%) of blood sam-
ples with the following

NASBA result: Pa

Positive Negative

Antigenemia positive HTR 47 (62.7) 28 (37.3)
LTR 32 (44.4) 40 (55.6)
BMTR 23 (40.0) 36 (60.0)
Total, $1 102 (49.5) 104 (50.5)
Total, $100b 14 (100) 0 (0)

Antigenemia negative HTR 9 (14.5) 53 (85.5) s
LTR 11 (13.1) 73 (86.9) s
BMTR 2 (1.0) 198 (99.0) s
Total 22 (6.3) 324 (93.7) s

Antigenemia, ,100 110 (20.4) 428 (79.6) s

Viremia positive HTR 28 (82.3) 6 (17.7)
LTR 15 (57.7) 11 (42.3)
BMTR 8 (72.7) 3 (27.3)
Total, $1 51 (71.8) 20 (28.2)
Total, $10b 14 (100) 0 (0)

Viremia negative HTR 28 (27.2) 75 (72.8) s
LTR 28 (21.5) 102 (78.5) s
BMTR 16 (6.6) 225 (93.4) s
Total 72 (15.2) 402 (84.8) s

Viremia, ,10 109 (20.5) 422 (79.5) s

LeukoDNAemia positive HTR 55 (59.8) 37 (40.2)
LTR 42 (46.7) 48 (53.3)
BMTR 24 (33.3) 48 (66.7)
Total, $10 121 (47.6) 133 (52.4)
Total, $1,000b 29 (96.7) 1 (3.3)

LeukoDNAemia negative
(,10)

HTR 0 (0) 43 (100) s
LTR 1 (1.5) 65 (98.5) s
BMTR 1 (0.5) 184 (99.5) s
Total 2 (0.7) 292 (99.3) s

LeukoDNAemia, ,1,000 94 (18.1) 424 (81.9) s

a Pearson chi-square test; s, significant (P , 0.05).
b Clinically significant threshold values. For definition of units, refer to foot-

note b of Table 4.
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negative predictive value (NPV) for antigenemia quantitation
was higher than those for the pp67 NASBA and viremia quan-
titation. On the contrary, specificities and positive predictive
values (PPVs) were high (80 to 100%) for all three assays for
both the general and the individual patient populations. How-
ever, with respect to the antigenemia cutoff of $100, the clin-
ical sensitivity of NASBA went up to 100% for SOTRs with re-
activated infection, whereas the specificity decreased markedly
(68.9%). For BMTRs and SOTRs with primary infection, the
sensitivity (43.1%), specificity (95.9%), PPV (82.5%), and NPV
(79.0%) of NASBA did not change markedly for the general
patient population (Table 3).

Time to detection of HCMV infection. The mean time to the
first detection of HCMV infection following transplantation in
the 29 NASBA-positive patients is reported in Table 4 for both
the general and the individual patient populations. The first
assay which detected HCMV infection was the leukoDNAemia
quantitation assay (29 6 13 days posttransplantation), followed
by the antigenemia quantitation assay (33 6 13 days), the pp67
NASBA (37 6 15 days), and the viremia quantitation assay
(39 6 14 days). All these differences in time except for that for
the viremia quantitation assay were statistically significant
compared to the time to detection for the pp67 NASBA. When
considering the individual patient populations, it was observed
that the time to the first detection of HCMV in blood progres-
sively increased from HTRs to LTRs and BMTRs, regardless
of the assay that was used. Interestingly, a further delay in
HCMV appearance following transplantation was observed in
group II patients (NASBA negative) compared to the time
of HCMV appearance in group I patients (NASBA positive)
with respect to the three available assays. No data relevant
to individual patient populations are reported in Table 4 for
group II patients due to the limited number of available
patients.

Upon the first appearance of HCMV, the mean 6 standard
deviation (SD) levels of viremia, antigenemia, and leukoDNA
emia were 6 6 8, 23 6 52, and 94 6 117, respectively, for group
I patients, and 2 6 0, 2 6 1, and 41 6 29, respectively, for
group II patients (Table 4). In the group of four SOTRs with
HCMV reactivation, NASBA positivity was reached a mean
time of 3.5 6 2.6 days prior to the time that the clinical anti-
genemia cutoff of $100 was achieved, while in the group of
nine BMTRs and four SOTRs with primary infection (the fifth
SOTR with primary infection was patient B [see Fig. 1] whose
data were not considered in the calculation because he was
NASBA positive only during a secondary peak of infection)

TABLE 3. Diagnostic values of pp67 NASBA and of antigenemia
and viremia quantitation assays for detection of HCMV infection in

blood samples from the general and individual transplant patient
populations by using leukoDNAemia as the gold standard

HCMV
assay

Transplant
patient

population

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

NASBA HTRs 59.8 100 100 53.7
LTRs 46.7 98.5 97.7 57.9
BMTRs 33.3 99.5 96.0 79.4
Total 47.3 99.3 98.4 68.7

Antigenemia
quantitation

HTRs 73.9 88.4 93.1 61.3
LTRs 73.1 93.6 94.4 70.2
BMTRs 69.0 94.2 81.7 89.0
Total 72.3 93.2 90.2 79.5

Viremia quan-
titation

HTRs 38.0 100 100 43.0
LTRs 27.9 100 100 48.5
BMTRs 16.7 100 100 77.5
Total 28.7 100 100 62.2

TABLE 4. Time to first HCMV detection in blood in group I (NASBA-positive) and group II (NASBA-negative) patientsa

HCMV assay Transplant patient
population

Group I Group II

No. of
patients

Mean 6 SD days posttrans-
plantation of first HCMV

appearance
Valueb No. of

patients

Mean 6 SD days posttrans-
plantation of first HCMV

appearance
Valueb

Antigenemia quantitation HTR 10 26 6 10 13 6 13
LTR 10 33 6 9 36 6 83
BMTR 9 41 6 16 20 6 34
Total 29 33 6 13 23 6 52 10 41 6 20 2 6 1

Viremia quantitation HTR 9 37 6 16 3 6 3
LTR 9 39 6 10 6 6 7
BMTR 6 44 6 16 9 6 15
Total 24 39 6 14 6 6 8 2 56 6 11 2 6 0

LeukoDNAemia quantitation HTR 10 22 6 11 95 6 129
LTR 10 27 6 7 88 6 100
BMTR 9 38 6 17 100 6 133
Total 29 29 6 13 94 6 117 8 40 6 19 41 6 29

NASBA HTR 10 33 6 15 NAc NA
LTR 10 36 6 15 NA NA
BMTR 9 44 6 16 NA NA
Total 29 37 6 15 NA NA NA NA

a Differences between each pair of tests were significant by the t test except the comparison between the NASBA and the viremia quantitation assay (total patient
population).

b For the antigenemia quantitation assay, the values are the numbers of pp65-positive PBLs/2 3 105 PBLs examined. For the viremia quantitation assay, the values
are the numbers of p72-positive fibroblast nuclei/2 3 105 PBL inoculated onto a shell vial culture. For the leukoDNAemia quantitation assay, the values are the numbers
of GEs/0.5 mg of PBL DNA.

c NA, not applicable.
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NASBA positivity was detected a mean time of 2.0 6 5.1 days
after the time of initial antigenemia positivity (data not shown).

Relationship of NASBA qualitative results and HCMV lev-
els by other assays. In group I patients, quantitative levels of
viremia, antigenemia, and leukoDNAemia in NASBA-positive
blood samples were significantly higher than the relevant levels
detected in NASBA-negative, HCMV-positive blood samples
from the same patients (Table 5). In addition, the same level
of statistically significant difference was detected between
NASBA-positive samples from group I and patients and
NASBA-negative, HCMV-positive samples from group II pa-
tients, regardless of the assay that was used. These results ob-
tained for the general transplant patient population were con-
firmed for the three individual patient populations for patients
in group I (Table 6). The only groups in which no significant
difference was found between NASBA-positive and NASBA-
negative, HCMV-positive samples were LTRs and BMTRs
with respect to viremia.

pp67 NASBA and antiviral treatment. Overall data relevant
to the treated patients are reported in Table 1. Of the 10
NASBA-positive HTRs, 6 (three with primary infections and
three with reactivated infections) underwent antiviral treat-
ment (three patients received a single course of GCV and
three patients received two courses of GCV). Three patients
were not treated, and one patient had only a delayed treatment
at 127 to 134 days posttransplantation because of a rejection

episode, when the NASBA result was already negative. Of the
10 NASBA-positive LTRs, 7 (2 with primary infections and 5
with reactivated infections) were treated (4 with one course of
GCV and 3 with two subsequent courses of GCV), while 2 did
not receive treatment and 1 underwent delayed treatment be-
cause of a rejection episode, when the NASBA result was al-
ready negative. In addition, 1 NASBA-negative, HCMV-posi-
tive LTR was treated because of rejection. Furthermore, all
nine NASBA-positive BMTRs were treated: two with a single
GCV course and the remaining seven with multiple courses of
either GCV or PFA, or both. Finally, five NASBA-negative,
HCMV-positive BMTRs were treated. As indicated in Table 7,
in the group of 20 SOTRs with reactivated infection, 9 patients
were treated; 8 of these were NASBA positive (4 had levels of
antigenemia of .100 and 4 had rejection episodes) and 1 was
NASBA negative (with a low level of antigenemia and a rejec-
tion episode), whereas in the group of 19 patients for whom
treatment was initiated when antigenemia positivity was first
confirmed, 14 (9 BMTRs and 5 SOTRs with primary infec-
tions) were NASBA positive and 5 (all BMTRs) were NASBA
negative. Finally, it must be considered that in the group of 29
NASBA-positive patients, as many as 7 were not treated when
the first HCMV infection was detected because the level of
antigenemia of $100 had not been reached (2 were treated
late) and the patients had a subsequent spontaneous reso-
lution of their infections. In the group of 10 NASBA-nega-

TABLE 5. Comparison of HCMV antigenemia, viremia, and leukoDNAemia levels of HCMV-positive, NASBA-positive blood samples from
group I patients (NASBA-positive) and HCMV-positive, NASBA-negative samples from group I patients and HCMV-positive,

NASBA-negative samples from group II patients (HCMV positive, NASBA negative)

HCMV assay Patient
group

Median HCMV levela (range) in HCMV-positive blood samples
Pb

NASBA positive NASBA negative

Antigenemia quantitation I 13.0 (0–580) (n 5 124) 1.0 (0–39) (n 5 122) 0.0000c

II 1.0 (0–4) (n 5 28) 0.0000d

Viremia quantitation I 0 (0–78) (n 5 122) 0 (0–8) (n 5 120) 0.0002c

II 0 (0–2) (n 5 28) 0.0185d

LeukoDNAemia quantitation I 275 (5–10,000) (n 5 123) 50 (5–10,000) (n 5 121) 0.0000c

II 20 (5–130) (n 5 28) 0.0001d

a For definition of units, refer to footnote b of Table 4.
b Kolmogorov-Smirnov two-sample test. For NASBA-negative, HCMV-positive samples from group I patients versus NASBA-negative, HCMV-positive samples

from group II patients for all assays, P was .0.05.
c NASBA-positive samples versus NASBA-negative, HCMV-positive samples from group I patients.
d NASBA-positive samples from group I patients versus NASBA-negative, HCMV-positive samples from group II patients.

TABLE 6. Comparison of HCMV antigenemia, viremia, and leukoDNAemia levels in HCMV-positive, NASBA-positive versus
HCMV-positive, NASBA-negative blood samples from patients in group I (NASBA-positive patients) by type of transplant

HCMV assay Transplant patient
population

Median HCMV level (range) in HCMV-positive blood samples
Pa

NASBA positive NASBA negative

Antigenemia quantitation HTR 16.0 (0–580) (n 5 56) 1.0 (0–38) (n 5 43) 0.0000
LTR 10.0 (0–270) (n 5 43) 2.0 (0–27) (n 5 41) 0.0002
BMTR 8.0 (0–118) (n 5 25) 1.0 (0–25) (n 5 38) 0.0015

Viremia quantitation HTR 0 (0–78) (n 5 55) 0 (0–8) (n 5 43) 0.0277
LTR 0 (0–24) (n 5 43) 0 (0–5) (n 5 41) .0.05
BMTR 0 (0–40) (n 5 24) 0 (0–5) (n 5 36) .0.05

LeukoDNAemia quantitation HTR 315.0 (10–10,000) (n 5 55) 65.0 (5–10,000) (n 5 42) 0.0002
LTR 285.0 (5–7,900) (n 5 43) 85.0 (5–390) (n 5 41) 0.0002
BMTR 150.0 (5–6,940) (n 5 25) 17.5 (5–880) (n 5 38) 0.0124

a Kolmogorov-Smirnov two-sample test.
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tive, HCMV-positive patients, as many as 6 were treated on
the basis of first antigenemia positivity (5 BMTRs) or a rejec-
tion episode (1 LTR).

As indicated in Table 7, upon the initiation of treatment,
in the group of eight treated NASBA-positive SOTRs with
HCMV reactivation, the median antigenemia levels were 158
(range, 124 to 580) in the four patients with antigenemia levels
of .100 and 20.5 (range, 3 to 50) in the four patients treated
for rejection, with an overall median antigenemia level of 87
(range, 3 to 580). In the group of NASBA-positive patients that
included nine BMTRs and five SOTRs with primary infections,
the median antigenemia levels were 18 (range, 4 to 105) for
BMTRs and 9 (range, 1 to 270) for patients with primary
HCMV infection, with an overall median antigenemia level of
13.5 (range, 1 to 270). On the other hand, the five NASBA-
negative treated BMTRs had a median antigenemia level of 2
(range, 1 to 4). Thus, the overall median antigenemia level for
all 14 treated BMTRs was 6 (range, 1 to 105). In addition,
upon the first appearance of pp67 mRNA in the 29 transplant
recipients in group I, median antigenemia levels were 11 (range,
0 to 124), while median levels of viremia and leukoDNAemia
were 1 (range, 0 to 40) and 250 (range, 10 to 10,000), respec-
tively. No significant difference in the levels of the three viral
parameters was observed between the different patient groups
and, in particular, between SOTRs and BMTRs.

If NASBA positivity had been used as a cutoff for preemp-
tive therapy, 7 of 11 untreated SOTRs with reactivation would

have been treated, while in the group of 19 BMTRs and SOTRs
with primary infection, 5 BMTRs who were treated under the
guidance of the antigenemia quantitation assay results would
not have been treated (Table 7). However, it must be noted
that in these five patients the median antigenemia level was
2 (range, 1 to 4) and that the mean duration of antigenemia
positivity was 1.2 6 0.4 days. These results were possibly in-
fluenced by the early start of treatment, which may have pre-
vented the detection of pp67 mRNA.

The time to HCMV disappearance from the blood of the
treated and untreated general and individual transplant recip-
ient populations according to the different assays is reported in
Table 8. No difference was observed between the different pa-
tient groups or between each patient group and the general
transplant patient population for antigenemia, viremia, and
leukoDNAemia, whereas a significantly shorter duration of the
presence of pp67 mRNA was observed for the BMTR group
compared to those for the HTRs, LTRs, and the total treated
group. In addition, following the initiation of treatment, the
mean duration of viremia (6.3 6 1.8 days) was significantly
shorter than the mean durations of antigenemia and the pres-
ence of pp67 mRNA (14.4 6 5.0 and 14.0 6 7.6 days, respec-
tively), which, in turn, were significantly shorter than the mean
duration of leukoDNAemia (30.8 6 21.1 days). Furthermore,
in the group of seven untreated patients, the duration of leuko
DNAemia (60.6 6 37.1 days) was longer than that of viremia
(20.8 6 6.6 days), the presence of pp67 mRNA (36.1 6 24.2

TABLE 7. Actual antigenemia quantitation assay-guided treatment and predicted NASBA-guided treatment with respect to
median antigenemia levels in the two major groups of differentially treated patients

NASBA result

No. of patients (median [range] antigenemia level) treated under guidance of

Antigenemia quantitation assay (actual treatment) NASBA (predicted treatment)

SOTRs with reactivations
(n 5 20)

BMTRs and SOTRs with
primary infections

(n 5 19)

SOTRs with reactivations
(n 5 20)

BMTRs and SOTRs with
primary infections

(n 5 19)

Positive 8 (87 [3–580])a 14 (13.5 [1–270])b 15 (16 [0–124])c 14 (9 [0–110])d

Negative 1 (1)e 5 (2 [1–4]) f 0 0

Total 9 19 15 14

a Four patients started treatment because of a median antigenemia level of 158 (range, 124 to 580), and four started treatment because of a rejection episode with
a median antigenemia level of 20.5 (range, 3 to 50).

b Nine patients were BMTRs with a median antigenemia level of 18 (range, 4 to 105), and five were SOTRs with primary infections with a median antigenemia level
of 9 (range, 1 to 270).

c Upon NASBA positivity, the eight patients treated under antigenemia quantitation assay guidance had a median antigenemia level of 44.5 (range, 6 to 124), and
the seven additional patients had a median antigenemia level of 5 (range, 0 to 38).

d Upon NASBA positivity, among the same group of 14 patients treated under antigenemia quantitation assay guidance, the 9 BMTRs had a median antigenemia
level of 11 (range, 1 to 110) and the 5 SOTRs with primary infections had a median antigenemia level of 7 (range, 0 to 100).

e LTR treated because of rejection.
f All BMTRs.

TABLE 8. Time to HCMV disappearance from blood of treated and untreated transplant recipients by different assays

Antiviral
treatment

Transplant patient
population

No. of
patients

Mean 6 SD no. of days to HCMV disappearance in blood by the following assay:

Antigenemia
quantitation

Viremia
quantitation

LeukoDNAemia
quantitation

pp67 mRNA
detectiona

Treated HTRs 6 16.2 6 2.9 7.2 6 2.2 29.6 6 17.8 21.0 6 6.7
LTRs 7 13.6 6 5.3 6.6 6 1.8 40.3 6 25.3 16.0 6 6.3
BMTRs 9 14.0 6 7.3 5.2 6 0.8 24.2 6 18.9 10.0 6 6.2
Totalb 22 14.4 6 5.0 6.3 6 1.8 30.8 6 21.1 14.9 6 7.6

Not treated Total 7 32.8 6 13.9 20.8 6 6.6 60.6 6 37.1 36.1 6 24.2

a P was ,0.05 (by the t test) for HTRs, LTRs, and total treated patients versus BMTRs.
b By the Kolmogorov-Smirnov test, P , 0.05 was for each comparison of two assays except for the antigenemia quantitation assay and pp67 mRNA detection.
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days), and antigenemia (32.8 6 13.9 days). Finally, marked
differences were detected between the group of 22 treated
NASBA-positive patients and the group of 7 untreated pa-
tients for durations of antigenemia, viremia, leukoDNAemia,
and the presence of pp67 mRNA.

Kinetics of HCMV infection in individual transplant recip-
ients. When considering the kinetics of HCMV infection in
treated transplant recipients, it must be taken into account that
therapy was administered mostly on the basis of antigenemia
levels, whereas the appearance of pp67 mRNA was deter-
mined retrospectively. Results for some representative patients
are reported in Fig. 1. In patients B (HTR, primary infection),
C (single LTR, reactivation), and D (HTR, reactivation), a sin-
gle major peak of HCMV infection which was associated with
the appearance of pp67 mRNA was controlled by antiviral
treatment, and late viral transcripts did not reappear during
the entire follow-up period. On the other hand, in patients A
(HTR, primary infection), E (double LTR, primary infection),
F (HTR, reactivation), and G (BMTR, reactivation), multiple
sequential peaks of HCMV infection, each associated with the
reappearance of pp67 mRNA, were controlled by multiple
sequential courses of antiviral treatment (patients F, G, and E)
or resolved spontaneously (patient A). Finally, in patient H
(double LTR, reactivation) the pp67 mRNA, which was asso-
ciated with a prolonged peak of HCMV infection, disappeared
spontaneously concomitantly with a decrease in the levels of
viremia, antigenemia, and leukoDNAemia prior to a delayed
course of treatment due to a rejection episode.

DISCUSSION

The results of the present study indicate that NASBA de-
tects HCMV infection in transplant recipients at a rate which
is intermediate (29 of 50 patients; 58%) between those of the
antigenemia quantitation assay (39 of 50; 78%) and the leuko
DNAemia quantitation assay (38 of 50; 76%) and that of the
viremia quantitation assay (27 of 50; 54%). On this basis, it
would seem that NASBA lacks sensitivity, as also reflected by
the low analytical sensitivity (47.3%) compared to that of the
gold standard, the leukoDNAemia quantitation assay (.10
GEs), and the delayed time to first detection of pp67 mRNA
by NASBA compared to the times to first detection by the
leukoDNAemia and antigenemia quantitation assays.

However, the clinical relevance of these observations re-
mains to be determined considering the fact that the specificity
and the PPV for the detection of active HCMV infection by
NASBA were very high. In fact, low levels of antigenemia
and/or leukoDNAemia may be present in the absence of clin-
ically significant HCMV infection (11, 16, 18). In addition, it is
well known that in some SOTRs and BMTRs the appearance
of HCMV in blood is followed by the spontaneous resolution
of the infection in the absence of antiviral treatment (10, 24).
On this basis, it would be important in the near future to define
whether transplant recipients without detectable late HCMV
transcripts are to receive the same treatment as those with viral
transcripts. It is generally agreed that late viral transcripts are
more significantly predictive of or are more significantly asso-
ciated with active disseminating HCMV infection and HCMV
disease than immediate-early transcripts (1, 20, 21, 27, 29, 30).
In addition, if a cutoff level of $100 for antigenemia is used,
the sensitivity of NASBA reaches 100%, although this is asso-
ciated with a decrease in specificity. In this respect, it is worth
noting that NASBA pp67 mRNA was present in blood only
when the levels of viremia, antigenemia, and leukoDNAemia
were significantly higher than those for NASBA-negative sam-

ples. This was true for both the general and the individual
transplant recipient populations.

Thus far, in our department in Pavia, Italy, whenever other
clinical conditions such as rejection are not interfering, antivi-
ral treatment is started in SOTRs with reactivated infections
on the basis of a clinical antigenemia cutoff of $100 (11, 16,
24). This antigenemia level grossly corresponds to levels of
viremia of $10 and levels of leukoDNAemia of $1,000 (11,
16). On the other hand, in SOTRs (17, 23) and BMTRs (10,
28) with primary infections, antiviral treatment is routinely
initiated when pp65-positive PBLs are first detected in blood,
and this result must be confirmed within 2 to 3 days. In this
study, we found that when pp67 mRNA was first detected in
the blood of the 29 NASBA-positive patients, the median lev-
els of antigenemia were 11.0 (range, 0 to 124). Thus, on this
basis, antiviral treatment would be anticipated when NASBA is
used as a cutoff, and it would seem reasonable to rely on
NASBA results for determination of when to start antiviral
therapy, at least in SOTRs with reactivated infections. How-
ever, since upon the initiation of antigenemia quantitation
assay-guided treatment the actual median antigenemia levels
were 6 (range, 1 to 105) for the entire treated BMTR popu-
lation and 2 (range, 1 to 4) for NASBA-negative BMTRs but
11 (range, 1 to 110) when pp67 mRNA was first detected, it
would also seem reasonable to perform a prospective study
with this patient group by using NASBA positivity as a clinical
cutoff instead of (or in parallel with) the antigenemia quanti-
tation assay result. This approach appears to be further sup-
ported by the finding of this study that the mean delay in the
time to the appearance of NASBA positivity with respect to
that for the antigenemia quantitation assay was only 2.0 6 5.1
days for the whole patient population treated when the anti-
genemia quantitation assay was first positive. Furthermore,
since we have recently shown that treatment of primary infec-
tions in SOTRs too early may result in a greater number of
short-term reactivation episodes (17), we would also suggest
that investigators perform prospective clinical trials in which
the presence of pp67 late transcripts is used as a possible cutoff
for determination of whether therapeutic interventions in pa-
tients with primary HCMV infections should be initiated.

The results of this study demonstrate that if qualitative
NASBA results would have been used as a cutoff for the
initiation of treatment at the same time that antigenemia was
detected in the group of SOTRs with reactivated infection,
NASBA sensitivity and NPV would have been 100% compared
to the results of the antigenemia quantitation assay, whereas
the specificity and PPV would have been about 50% due to the
NASBA-guided treatment of some patients not treated when
the antigenemia quantitation assay cutoff was reached. On the
other hand, in the group of BMTRs and SOTRs with primary
infection (when the first positive antigenemia quantitation as-
say result was used as a cutoff), the specificity and PPV of
NASBA would have been 100%, as with the antigenemia quan-
titation assay cutoff, whereas the sensitivity and NPV would
have been about 70% with respect to the results of the anti-
genemia quantitation assay due to a lack of NASBA-guided
treatment of some patients who underwent antigenemia quan-
titation assay-guided treatment. These results further provide
the basis for performance of a prospective study in which
patients of the two groups should be preemptively treated by
using either the NASBA-defined or antigenemia quantitation
assay-defined (or the leukoDNAemia-quantitation assay-de-
fined) cutoff. This study would provide a correct evaluation of
the potential clinical significance of NASBA pp67 mRNA de-
termination in preemptively guiding antiviral treatment.

Finally, this study suggests that the disappearance of pp67
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FIG. 1. Quantitative monitoring of HCMV viremia ({), antigenemia (h), and leukoDNAemia (E) in transplant recipients qualitatively monitored for pp67 mRNA
appearance and virus isolation. The panel letters refer to patients A to H, respectively. Data for three patients (patients B, C, and D), either HTRs or single LTRs (SLTR),
are shown on the left. These patients presented with a single major peak of HCMV infection that was associated with the appearance of pp67 mRNA and that was controlled
by antiviral treatment. On the other hand, patients A (HTR), E (double LTR), F (HTR), and G (BMTR) presented with multiple peaks of HCMV infection associated with
the appearance of pp67 mRNA, and these infections were controlled by multiple courses of antiviral treatment. Finally, patient H (double LTR) had a spontaneous
resolution of the peak of HCMV infection associated with persisting pp67 mRNA, while the delayed course of GCV treatment was due to a rejection episode. D1,
donor positive for HCMV; D2, donor negative for HCMV; R1, recipient positive for HCMV; R2, recipient negative for HCMV; HCMV Isol., HCMV isolation.
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mRNA might be a reliable virologic parameter in clinical set-
tings for establishment of whether antiviral therapy should be
terminated (20). It is known that viremia is a poorly sensitive
parameter for determination of whether treatment should be
discontinued (the viremia quantitation assay result becomes
negative 1 to 3 days after treatment onset) and that leukoDNA
emia tends to persist after treatment (18). In our department
in Pavia, Italy, we have been using a negative antigenemia
quantitation assay result as the parameter that determines
whether treatment should be interrupted (10, 18, 28). Since
the time to HCMV disappearance from the blood as deter-
mined by the disappearance of pp67 mRNA in our study has
been shown not to be significantly different from that deter-
mined by the antigenemia quantitation assay, we hypothesize
that pp67 mRNA disappearance might also be used as the
parameter of choice for determination of whether antiviral
treatment should be interrupted. Future prospective studies
are required to determine the reliability of this approach.
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