JOURNAL OF CLINICAL MICROBIOLOGY, May 1998, p. 1341-1346
0095-1137/98/$04.00+0
Copyright © 1998, American Society for Microbiology

Vol. 36, No. 5

Diagnostic Value of Monitoring Human Cytomegalovirus Late

pp67 mRNA Expression in Renal-Allograft Recipients by
Nucleic Acid Sequence-Based Amplification

MARINUS J. BLOK,"* VALERE J. GOOSSENS,' SABINA J. V. VANHERLE,' BERT TOP,?
NICOLE TACKEN,? JAAP M. MIDDELDORP,> MAARTEN H. L. CHRISTIAANS,?
JOHANNES P. van HOOFF,? ano CATHRIEN A. BRUGGEMAN!

Departments of Medical Microbiology" and Internal Medicine,® University Hospital Maastricht,
6202 AZ Maastricht, and Organon Teknika B.V., 5280 AB Boxtel,> The Netherlands

Received 17 October 1997/Returned for modification 14 January 1998/Accepted 19 February 1998

The diagnostic value of monitoring human cytomegalovirus (HCMYV) late pp67 mRNA expression by nucleic
acid sequence-based amplification (NASBA) after renal-allograft transplantation was evaluated. RNAs were
isolated from 489 whole-blood specimens of 42 patients for the specific amplification of the late pp67 (UL65)
mRNA. NASBA results were compared to results from the pp65 antigenemia assay, virus isolation by cell
culture, and serology. The sensitivity value for NASBA proved to be higher than that for the antigenemia assay
(50 versus 35%) for the detection of HCMYV infection, while the sensitivity values of cell culture and NASBA
were comparable (54 and 50%, respectively). NASBA detected the onset of HCMY infection simultaneously with
cell culture and the antigenemia assay. Both the antigenemia assay and NASBA are very specific (100%) and
highly predictive (100%) for the onset of HCMYV infection. Antiviral therapy with ganciclovir resulted in
negative results for cell culture, the antigenemia assay, and NASBA. In conclusion, monitoring HCMV pp67
mRNA expression by NASBA is a highly specific method for the detection of HCMYV infection in renal-allograft
recipients and is more sensitive than the antigenemia assay. Furthermore, NASBA can be used to monitor the

progression of HCMYV infections and the effect of antiviral therapy on viral activity.

Human cytomegalovirus (HCMYV) belongs to the group of
betaherpesviruses. Primary infection of immunocompetent in-
dividuals with HCMV usually does not lead to complications.
In contrast, immunocompromised patients, like AIDS and
transplantation patients, may suffer severe complications dur-
ing primary infection and to a lesser degree during secondary
infection. In fact, HCMYV infections are the most common
single cause of death in allograft recipients (9). Detection of
HCMYV at an early stage of infection is a prerequisite for
effective preemptive antiviral therapy (22). Currently, several
routine diagnostic tests are available for the direct or indirect
detection of HCMYV infection. Direct isolation of HCMV by
cultivation of permissive human fibroblasts with samples from
blood or urine is a sensitive method, but results are obtained
rather late. The cytopathic effects (CPE) of replicating virus in
the cells can be detected only after several days or weeks of
cultivation. The presence of virus can be detected much earlier
in cell cultures by detection of early-antigen fluorescent foci
(DEAFF) with monoclonal antibodies directed against imme-
diate-early 1 antigen of the virus (8). Although the cell culture
assay was previously considered the “gold standard,” the
HCMYV antigenemia assay is more commonly used to monitor
patients for HCMV disease. The antigenemia assay was devel-
oped by Van der Bij et al. (29) to detect the viral lower matrix
protein pp65 (ULS83) in blood leukocytes. By this immunocy-
tochemical technique, test results can be obtained within 1 day,
but it requires direct processing of fresh clinical specimens.
The number of pp65-positive cells was shown to correlate with
HCMYV disease (26, 28). PCR is another method to detect the
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presence of HCMV. Although amplification of the viral ge-
nome by PCR proved to be a highly sensitive technique (up to
100%), it does not necessarily correlate with active infection,
due to the possible amplification of latently present viral DNA
and/or incomplete viral genomes (17, 24, 27). It was suggested
that the detection of viral immediate-early and late mRNAs in
blood leukocytes may improve HCMV diagnosis (1), as it di-
rectly reflects viral transcriptional activity. Indeed, reverse
transcriptase PCR (RT-PCR) of viral late mRNA was found to
have a high positive predictive value for HCMV disease, al-
though sensitivity appeared to be low (6, 16, 21). The detection
of mRNA by nucleic acid sequence-based amplification
(NASBA) is a highly sensitive method. Unlike RT-PCR,
NASBA allows detection of unspliced mRNA in a background
of DNA (3). A qualitative and quantitative NASBA assay is
currently available for the detection of human immunodefi-
ciency virus (HIV) RNA (10, 30). The technique has now been
used for the detection of HCMV RNA in blood leukocytes. In
contrast to the methods just mentioned, serological diagnosis
gives only indirect evidence of the presence of the virus and
can be problematic because of the immunological disorders
occurring in most patients at risk of developing HCMYV infec-
tion (13, 23). However, detection of HCM V-specific antibodies
can provide supportive evidence for the diagnosis of HCMV
infection. Detection of immunoglobulin M (IgM) especially
can be used as a diagnostic tool during both primary and
secondary infections (7, 12).

Using a qualitative NASBA assay, we evaluated retrospec-
tively the diagnostic value of monitoring late pp67 mRNA
expression as a marker for HCMV infections after renal-al-
lograft transplantation. The results of the NASBA assay were
compared with the results of prospectively performed standard
virological techniques, i.e., detection of the presence of infec-
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TABLE 1. Sequences of NASBA primers and probes used, respectively, for amplification and detection of pp67 WT and SC RNAs

Oligonucleotide Function Sequence
CMVpp67-1.2 T7 primer 5'-AATTCTAATACGACTCACTATAGGGAGAGGGTCGATTCAGACTGA-3’
CMVpp67-2.4 Primer 2 5'-CTGGAGATATATGTTGACCA-3’
CMVpp67CAP1  Capture probe for WT and SC RNAs  5'-GGATTCGGACTTTCCGTTCGA-3’
CMVpp67ECL1  ECL probe for WT RNA 5'-CCAAAAAGCTAGCCGTCACG-3'
SC-ECL1 ECL probe for SC RNA 5'-GAAAAAAGCACAGCAAGCAGCAGG-3'

tious virus in blood by cell culture (CPE and DEAFF), testing
for pp65 antigenemia, and serology.

MATERIALS AND METHODS

Patients. From January 1995 to July 1996, a total of 60 kidney transplantations
were carried out at the Department of Internal Medicine, University Hospital
Maastricht. For this study, we selected 42 patients, from whom a minimum of
four blood specimens were collected during the first three months after trans-
plantation. Patients could be grouped according to the HCMYV serostatus of the
recipient before transplantation and the HCMYV serostatus of the donor, which
resulted in the following distribution of patients with different serogroups: 13 D*
and R* patients, 8 D* and R~ patients, 13 D~ and R* patients, and 8 D~ and
R~ patients, where D" and D~ indicate seropositive and -negative donors,
respectively, and R™ and R~ indicate seropositive and -negative recipients,
respectively.

Maintenance of immunosuppression consisted of treatment with cyclosporin
or tacrolimus together with low-dose prednisolone. In addition, some patients
received azathioprine. Allograft rejection was assessed clinically and confirmed
by needle core biopsy. Treatment for allograft rejection consisted of a 10-day
course of rabbit anti-lymphocyte globulin (National Institute of Public Health
and the Environment, Bilthoven, The Netherlands) or three doses of methyl-
prednisolone.

HCMYV infection was defined by positive results for at least two samples for
one or more of the following items: cell culture, antigenemia, seroconversion of
anti-HCMYV IgM, and/or a significant rise (at least fourfold) in the anti-HCMV
1gG level compared to the pretransplantation titer. HCMV infection could be
further classified as a primary or secondary infection, depending on whether the
patient was HCMYV seronegative or seropositive before transplantation, respec-
tively.

Ganciclovir (Cymevene; Hoffmann-La Roche Ltd., Basel, Switzerland) was
given intravenously for 2 weeks, in case HCMV infection was detected and the
patient showed clinical signs suggesting HCMV disease. The perioperative pro-
tocol did not include routinely prophylactic anti-HCMV therapy. If possible, the
dosage of the immunosuppressive drug was diminished in case of HCMV infec-
tion. However, if a patient was treated with ATG or methylprednisolone and
HCMV infection was indicated by positive laboratory tests, ganciclovir was given
for 2 weeks intravenously, even when there were no clinical signs of HCMV
disease.

Specimens. Heparinized whole-blood and serum specimens were collected
weekly during the clinical period after transplantation. After this period speci-
mens were collected monthly or more frequently if the patient showed clinical
symptoms of HCMYV infection. Specimens were screened prospectively for the
presence of HCMV by routine cell culture and the pp65 antigenemia assay. In
addition, 1 ml of heparinized blood was added to 9 ml of NASBA lysis buffer (4.7
M guanidium thiocyanate, 46 mM Tris [pH 6.4], 20 mM EDTA, 1.2% [wt/vol]
Triton X-100), and the mixture was stored at —70°C. From the 42 patients, a total
of 489 blood specimens was collected.

Cell culture. For the detection of infectious HCMV in blood, both conven-
tional cell culture and DEAFF were performed as described previously (11).
Briefly, leukocytes were separated from heparinized whole blood with dextran
and screened for the presence of HCMV by inoculation of human embryo
fibroblasts monolayers. Cell cultures were observed weekly during a period of 6
weeks for the appearance of a typical CPE of replicating HCMV. DEAFF was
performed after 2 days of cultivation with the monoclonal antibody E13 (Biosoft,
Paris, France) to the HCMV immediate-early 1 antigen. For analysis, DEAFF
and CPE results were combined to give one outcome for the cell culture assay.
Results are presented for either the day on which a positive specimen was
obtained or the day on which a positive result could be reported to the clinic.

pp65 antigenemia assay. The pp65 antigen was detected immunocytochemi-
cally essentially as described by Van der Bij et al. (29). Briefly, 45 x 10*
leukocytes were isolated from heparinized whole blood with dextran and centri-
fuged onto a glass slide within 4 h of collection. The cells were subsequently fixed
for 10 min in methanol and incubated with mouse monoclonal antibodies,
namely, anti-pp65 IgG (produced in our laboratory). After incubation with
horseradish peroxidase-coupled rabbit anti-mouse IgG (DAKO A/S, Glostrup,
Denmark), the substrate 3-amino-9-ethylcarbazole was added to stain the pp65-
positive cells. Finally, slides were examined microscopically. Results are ex-
pressed as numbers of pp65-positive cells per 15 X 10* leukocytes.

Serology. Sera were tested retrospectively to obtain more information about
viral activity, in addition to the antigenemia assay and cell culture results. For the
qualitative detection of IgM against HCMV in serum, the IMx CMV assay
(Abbott Laboratories, North Chicago, I1l.) was used, and for the semiquantitative
detection of IgG against HCMV, the AXSym assay (Abbott Laboratories) was
used. Both tests are based on microparticle enzyme immunoassay technology.
Results from the IMx CMV assay were expressed as index values. Sera with index
values of =0.500 were considered positive. Levels of anti-HCMV IgG were
expressed as numbers of antibody units (AU) per milliliter. Sera with IgG levels
of =15 AU/ml were considered positive. The detection limit of 250 AU/ml could
be obtained for sera with high levels of IgG.

NASBA SC RNA. A transcription vector was constructed to generate system
control (SC) RNA, which served as a positive control during isolation, amplifi-
cation, and detection of RNA in the NASBA procedure. The vector was con-
structed essentially as described by Morré et al. (18). Briefly, part of the pp67
region from strain AD169 (nucleotides 95920 to 96247) was cloned into the
vector pG30, downstream of a T7 RNA polymerase promoter region. pG30 is
a pGEM3 derivative (Promega, Madison, Wis.) lacking the PstI and Sphl sites in
the multiple-cloning sequence. In addition, a new BamHI site was introduced
after the BamHI site in the multiple-cloning sequence was removed. A PstI site
downstream of position 96073 and an Sphl site upstream of position 96094 were
generated by PCR for the insertion of an additional DNA sequence. This 134-bp
fragment, with 5" PstI and 3’ Sphl ends, comprised nucleotides 1015 to 1146 from
the 5’ noncoding region of the HIV-1 pv22 sequence (19). This resulted in a
plasmid from which the 20-bp wild-type HCMV sequence was deleted and
replaced by the 134-bp HIV-1 pv22 fragment. This plasmid was linearized with
BamHI, and in vitro RNA was generated by using T7 RNA polymerase (25). The
RNA was treated with DNase I to remove plasmid DNA and purified on an
anionic-exchange column (Qiagen, Leusden, The Netherlands). The recovered
in vitro-generated SC RNA was quantified spectrophotometrically and stored at
—70°C.

Nucleic acid isolation for NASBA. For analysis, 1 ml of the lysed-whole-blood
suspension, which equals 100 pl of whole-blood input sample, was used. Twenty
microliters of SC RNA containing 3,000 copies of pp67 SC RNA in 1.0 mM Tris
buffer, pH 8.5, was added. Nucleic acid isolation was performed essentially as
described by Boom et al. (2). Briefly, lysates were incubated with 50 pl of
activated silica (0.4 g of suspension in 0.1 N HCI per ml). Subsequently, the silica
particles carrying adsorbed nucleic acids were washed twice with 1 ml of wash
buffer (5.25 M guanidium thiocyanate, 50 mM Tris [pH 6.4]), twice with 1 ml of
70% ethanol, and once with 1 ml of acetone. Finally, after the silica was dried at
56°C for 10 min, the nucleic acids were eluted in 50 pl of 1.0 mM Tris buffer, pH
8.5, and stored at —20°C.

Qualitative NASBA. The primers CMVpp67-1.2 and CMVpp67-2.4 were de-
signed to amplify part of the mRNA encoding pp67 (Table 1). NASBA reactions
were carried out as described by Kievits et al. (10), with minor modifications.
Reactions were performed with a 20-pl reaction mixture containing 40 mM Tris
(pH 8.5; Sigma, St. Louis, Mo.); 12 mM MgCl, (Sigma); 70 mM KCI (Baker,
Concord, Ontario, Canada); 15% (vol/vol) dimethyl sulfoxide (Sigma); 5 mM
dithiothreitol (Sigma); 1 mM each deoxynucleoside triphosphate (Pharmacia,
Uppsala, Sweden); 2 mM ATP, CTP, and UTP; 1.5 mM GTP (Pharmacia); 0.5
mM ITP (Boehringer, Mannheim, Germany); 2 pg of bovine serum albumin
(Boehringer); 0.08 U of RNase H (Pharmacia); 32 U of T7 RNA polymerase
(Pharmacia); 6.4 U of avian myeloblastosis RT (Seikagaku, Ijamsville, Md.); 0.2
wM each primer; and 5 wl of the isolated nucleic acids. The NASBA reaction
mixtures were incubated for 5 min at 65°C, before the enzymes were added, to
allow destabilization of secondary RNA structures and subsequently cooled
down for 5 min to 41°C to allow primer annealing. After the enzymes were
added, reactions mixtures were incubated at 41°C for 90 min and subsequently
stored at —20°C.

ECL-based detection. A twofold dilution of the amplification products was
made in detection diluent (1.0 mM Tris [pH 8.5], 0.2 g of 2-methylisothiazolone
HCl per liter). Subsequently, 5 pl of the diluted amplification products (wild type
[WT] and SC) was incubated for 30 min at 41°C with 0.084 pM pp67 mRNA-
specific biotine probe (CMVpp67CAP1) (Table 1) bound to 5 pg of streptavidin-
coated magnetic beads (mean diameter * standard deviation, 2.8 * 0.2 pm;
Dynal, Great Neck, N.Y.) and 3 X 10'! molecules of an electrochemilumines-
cence (ECL) complex (tris[2,2-bipyridine]ruthenium [II])-labeled oligonucleo-
tide probe, specific for either pp67 WT RNA (CMVpp67ECL1) or SC RNA
(SC-ECL1), in a total volume of 25 pl of 5% SSC (1x SSC is 0.15 M NaCl plus
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0.015 M sodium citrate). As negative controls, detection diluent was also incu-
bated with the different bead-oligonucleotide and ECL complex-probe mixtures
for WT and SC RNA detection. During incubation, tubes were agitated every 10
min to keep the beads in suspension. Subsequently, 300 pl of assay buffer
solution (100 mM tripropylamine, pH 7.5) was added and the tubes were placed
in an ECL detection instrument (NASBA QR system, model 2000; Organon
Teknika B.V., Boxtel, The Netherlands). In order to check the instrument and to
be able to compare ECL signals from different runs, a tube with reference
solution containing 66.67 ug of streptavidin-coated magnetic beads per ml in
assay buffer solution was included. ECL signals for WT and SC RNA were
adjusted with the values obtained for the reference solution [(ECL signal for
reference solution/40 X 10%) X ECL signal for WT or SC RNA] and for back-
ground signals (i.e., negative controls). ECL signals higher than 600 (1.5% of
40 x 10%) were considered positive.

Statistical analysis. Statistical analysis was carried out by the Wilcoxon
matched-pair signed-rank test. P values of =0.05 were considered significant.

RESULTS

Incidence of HCMYV infection and disease. A group of 42
patients was monitored for the occurrence of HCMV infection
and HCMYV disease after renal transplantation. Seropositive
patients receiving a kidney from a seropositive donor showed
the highest incidence of HCMYV infection (85% [11 of 13
patients]). For patients of the D* and R~ serogroup and those
of the D™ and R™ serogroup, the incidence of HCMV infec-
tion was 75% (6 of 8 patients) and 69% (9 of 13 patients),
respectively. HCMV was not detected by any of the assays in
blood samples from patients from the D™ and R~ serogroup.
For four patients, HCMV disease was diagnosed according to
the criteria of Metselaar (15), namely, fever for at least three
consecutive days, leukocytopenia, thrombocytopenia, liver ab-
normalities, and organ involvement, and was confirmed by
concomitant positive cell culture and/or antigenemia assay re-
sults. Three of these patients belonged to the D* and R~
serogroup (38% [3 of 8 patients]), while one belonged to the
D" and R" serogroup (8% [1 of 13 patients]). All patients with
HCMYV disease underwent antiviral therapy with ganciclovir.
Two additional patients received ganciclovir when HCMYV in-
fection was detected during treatment for rejection.

Detection of HCMYV infection. HCMV infection could be
classified as primary or secondary, depending on whether the
patient was seronegative or seropositive before transplanta-
tion, respectively. In each patient with a primary infection (n =
6), HCMYV was detected by cell culture, the antigenemia assay,
and NASBA. In 20 patients, a secondary infection was de-
tected. Forty percent of these infections were detected by cell
culture, whereas 35% were detected by NASBA. The antigen-
emia assay appeared to be the least-sensitive assay (15%).

A total of 489 blood specimens was collected from the 42
patients. In one sample, NASBA repeatedly failed to amplify
both WT RNA and the added SC RNA. This result was con-
sidered invalid. Antigenemia assay results could be compared
to NASBA results for 173 samples. In this study, we found 56%
of the positive antigenemia results to be positive also by
NASBA (Table 2). Of 141 antigenemia assay-negative samples,
134 were NASBA negative (95%). Cell culture and NASBA
results could be compared for 458 of the 489 samples. Of 36
positive cell culture results, 44% were found to be positive by
NASBA. There was 96% agreement of negative cell culture
results with negative NASBA results.

Table 3 shows sensitivities, specificities, and positive and
negative predictive values (PPV and NPV) of NASBA, the
antigenemia assay, and cell culture for HCMYV infection (see
Materials and Methods for the criteria used to diagnose
HCMV infection). The sensitivity values of NASBA (50%) and
cell culture (54%) are comparable, while the sensitivity value
of NASBA proved to be higher than that of the antigenemia
assay: 50% versus 35%. Comparable results were obtained for
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TABLE 2. pp67 NASBA results compared to antigenemia assay
and cell culture results

No. (%) of test
samples with

No. of test indicated result by
Test Result samples® pp67 NASBA

Positive Negative

Antigenemia assay  Positive 32 18 (56) 14 (44)
Negative 141 7(5) 134 (95)

No result 315 11 (4) 304 (96)

Cell culture® Positive 36 16 (44) 20 (56)
Negative 422 19 (5) 403 (95)

No result 30 1(3) 29 (97)

“ DEAFF and CPE results were combined.
® The total number of test samples was 488 (1 sample was invalid for NASBA).

the NPV. Specificity and PPV of cell culture for HCMV infec-
tion were 94 and 93%, respectively, whereas for NASBA and
the antigenemia assay they were as high as 100%.

Time of detection of HCMYV infection. In this study, 26 of the
42 patients (62%) developed signs of HCMV infection. The
onset of HCMV infection was detected by NASBA at a median
of 36 days after transplantation (range, 21 to 75 days). For the
antigenemia assay and cell culture, detection occurred at 35
days (range, 28 to 69 days) and 65 days (range, 27 to 103 days),
respectively. Results of NASBA and the antigenemia assay
were found to be positive for HCMYV infection simultaneously
in four cases, while results of the antigenemia assay indicated
positivity earlier than those of NASBA in three cases. How-
ever, this difference appeared not to be statistically significant
(P = 0.11). Results of NASBA were found to be positive
before those of cell culture were found to be positive in seven
cases, while results of cell culture were earlier in three cases.
This difference also appeared not to be significant (P = 0.11).
In five cases, results of the antigenemia assay were found to be
positive before positive cell culture results could be reported to
the clinic. Although this appears to be significant (P = 0.04),
the numbers are low.

Figure 1 shows representative examples of NASBA results,
compared to antigenemia assay, cell culture, and serology re-
sults. Patient I (D" and R™) was treated twice for rejection
with methylprednisolone from days 18 to 22 and days 30 to 33.
The onset of HCMV infection was first detected at day 36 by
the antigenemia assay, followed by NASBA at day 39. The first
cell culture-positive result (CPE) could be reported to the
clinic at day 76 (specimen was obtained at day 41). Serology
confirmed the onset of a secondary infection, with a rise in IgM
levels from day 33. No significant rise in IgG levels was de-
tected because assay results were as high as the detection limit
of 250 AU/ml during the tested period (results not shown).
HCMYV disease was not diagnosed, and the patient did not
receive antiviral therapy with ganciclovir. By NASBA, pp67

TABLE 3. Diagnostic values for the detection of HCMV infection
by pp67 NASBA, cell culture, and the antigenemia assay”

Test % Sensitivity % Specificity % PPV % NPV
pp67 NASBA 50 100 100 55
Cell culture 54 94 93 56
Antigenemia assay 35 100 100 49

“ See Materials and Methods for the criteria used to diagnose HCMV infec-
tion.
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FIG. 1. Detection of HCMV in patients after renal-allograft transplantation by pp67 NASBA, antigenemia, cell culture, and serological assays. HCMV infection
was diagnosed for both patient I and patient II after a period of therapy for allograft rejection. Antiviral therapy with ganciclovir was initiated for patient II (indicated
by the shaded area), because the patient had fever and HCMV was detected during a period of rejection therapy with methylprednisolone. However, the patient did
not meet the criteria for diagnosis of HCMV disease. Antigenemia results are expressed as numbers of positive cells/15 X 10* leukocytes. DEAFF and CPE results were
combined to give one outcome for the cell culture assay. Cell culture results are given for the day on which the sample was taken from the patient.

mRNA was detected up to day 64, while positive antigenemia
assay and cell culture specimens were obtained up to day 71.
Patient II (D" and R™) was also treated twice for rejection
with methylprednisolon from days 9 to 13 and days 33 to 35.
The onset of HCMYV infection was detected by the antigenemia
assay and NASBA at day 29. A cell culture-positive specimen
was also obtained at day 29, although this result was not known
before day 56. Serology results indicated the onset of a primary
infection, with seroconversion of IgM and IgG at days 33 and
40, respectively. HCMV was detected during the period that
the patient was treated for rejection. In addition, the patient
had fever at day 37, indicative of HCMV infection. Therefore,
antiviral therapy with ganciclovir was started at day 37 and
maintained until day 50, although HCMV disease was not

diagnosed for this patient. During that period, the samples
became antigenemia assay, cell culture, and NASBA negative.

DISCUSSION

In this study, we evaluated the diagnostic value of monitor-
ing late pp67 mRNA expression by NASBA as a marker for
HCMYV infection. The expression of HCMV late mRNA, such
as pp67 (UL65), in circulating blood leukocytes is considered
to directly reflect HCMYV replication and dissemination in the
infected host and should cease upon effective blockage of viral
polymerase by antiviral agents, such as ganciclovir (14). The
mRNA encoding the viral structural protein pp67 is one of the
most abundant late transcripts (5). It was suggested that pp67
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may have important functions in the replication cycle of
HCMYV, such as protein kinase activity, DNA binding, and
possible transcriptional activity of immediate-early genes (4).
In contrast to what occurs in RT-PCR, the unspliced pp67
mRNA can be specifically amplified by NASBA in a back-
ground of DNA (3).

We evaluated the sensitivity of pp67 NASBA by testing
blood specimens collected from 42 patients after renal-allo-
graft transplantation. HCMYV infection is defined in Materials
and Methods. According to this definition, the combined re-
sults for cell culture (CPE and DEAFF), the antigenemia as-
say, and serology are considered the gold standard for the
calculation of the sensitivity, specificity, and PPV and NPV of
the NASBA assay. For 26 patients (62%) HCMYV infection was
diagnosed according to these criteria, and 4 of these patients
(15%) developed HCMYV disease.

Table 2 shows that 44% of antigenemia assay-positive sam-
ples were NASBA negative. It should be noted, however, that
for all these samples, only weakly positive antigenemia assay
results had been obtained (1 to 3 positive cells/15 X 10* leu-
kocytes). Furthermore, for all patients in whom HCMYV infec-
tion was detected by the antigenemia assay, the results of
NASBA were also found to be positive. Importantly, for four
patients, HCMYV infection was detected by NASBA but not by
the antigenemia assay, which resulted in a higher sensitivity
value for the NASBA assay than for the antigenemia assay (50
versus 35%). The sensitivity values of cell culture and the
NASBA assay for HCMYV infection were comparable (54 and
50%, respectively), although 56% of cell culture-positive sam-
ples were NASBA negative (Table 2). However, cell cultures
were maintained for a minimum of 21 days before being re-
ported as CPE negative, or for 2 days in case of DEAFF, while
the NASBA assay can be performed in 1 day. In addition, there
appears to be no significant difference between the moment at
which positive cell culture results can be reported to the clinic
and the moment at which HCMV infection is detected by
NASBA. Furthermore, results of NASBA and the antigenemia
assay were also found positive simultaneously. It should be
noted, however, that the results of the statistical analysis in this
study are based on low numbers.

pp67 NASBA was also evaluated as a prognostic marker of
HCMV disease in thoracic organ transplant recipients (20). A
PPV of 100% was found for HCMV disease. Also, NASBA-
positive results occurred in 84% of cases before a clinically
significant number of antigenemia assay-positive results oc-
curred (>10 positive cells/2 X 10° leukocytes). In our study,
only four patients developed HCMYV disease. HCMYV infection
in these patients was detected by all assays.

Six patients received ganciclovir to treat HCMV infection.
Figure 1 shows the data for one of these patients (patient II).
Ganciclovir therapy was started at day 37, while the patient was
being treated for rejection and had fever suggesting HCMV
infection, confirmed by concomitant positive antigenemia as-
say results (the first cell culture-positive result was not known
before day 56). Results of NASBA were found to be positive
simultaneously with those of the antigenemia assay, which
demonstrates that pp67 NASBA results can be conclusive
enough for the clinician to initiate antiviral therapy. Antiviral
therapy was sustained for 2 weeks. During that period, leuko-
cytes became pp65 antigen negative. Comparatively, pp67
mRNA expression was no longer detected. Thus, reduction of
viral activity can also be monitored by pp67 NASBA, which was
expected, because ganciclovir inhibits replication by acting on
the viral DNA polymerase (14) while late mRNAs, including
pp67 mRNA, are transcribed only after replication of the viral
genome. Patient I was not treated with ganciclovir. However,
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negative cell culture and antigenemia assay results after day 71
indicated reduction of viral activity. Again, NASBA results
were comparable to cell culture and antigenemia assay results.

Meyer-Konig et al. (16) and Bitsch et al. (1) used RT-PCR
to detect immediate-early and late pp150 mRNAs in the phe-
ripheral blood leukocytes of renal-allograft recipients. Bitsch
et al. found immediate-early mRNA to be present in almost
every patient with HCMYV infection. Late pp150 mRNA was
detected only in leukocytes from a patient with HCMV disease
who showed very high numbers of pp65-antigen-positive cells.
Meyer-Konig et al. also found the presence of HCMV mRNA
to correlate positively with the number of pp65-antigen-posi-
tive cells. However, their RT-PCR assay was not superior to
the pp65 antigenemia test for diagnosis and monitoring of
HCMV disease.

The NASBA assay offers some practical advantages com-
pared to other tests. For example, 100 pl of whole blood is
sufficient to perform one NASBA assay. The blood sample
does not need to be processed before uptake in the NASBA
lysis buffer. In addition, it is possible to store whole-blood
samples in NASBA lysis buffer at —70°C until they are needed
for further processing for nucleic acid isolation. For the anti-
genemia assay, leukocytes have to be isolated from the whole-
blood sample within a few hours after it is taken from the
patient. The pp67 NASBA assay will be commercially available
as a ready-to-use kit, named the NucliSens CMV pp67 assay kit
(Organon Teknika B.V.) and will contain all primer and en-
zyme mixes needed. One person can perform the NASBA
assay for 20 blood samples in 1 day, using the kit and the ECL
detection instrument. In the near future it will also be possible
to use an automated extraction instrument for isolation of
nucleic acids from blood samples, with which more blood sam-
ples can be handled in 1 day.

From our study it can be concluded that NASBA of late
pp67 mRNA is more sensitive than the antigenemia assay for
the detection of HCMYV infection in renal-allograft recipients.
Both the antigenemia assay and pp67 NASBA are very specific
and highly predictive of the onset of HCMYV infection. Fur-
thermore, pp67 NASBA can be used to monitor progression of
HCMV infections and the effect of antiviral therapy, with re-
sults comparable to those of the antigenemia assay. Alterna-
tively, detection and monitoring of immediate-early or early
antigen mRNA expression by NASBA may provide an addi-
tional protocol for early identification of infection. Such stud-
ies are in progress.
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