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A follow up study of cytomegalovirus infection in a group of
Turkish renal transplant recipients using molecular assays
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The clinical value of an in-house cytomegalovirus nested polymerase chain reaction (CMV-PCR) and a commer-
cial molecular assay hybrid capture CMV DNA assay (HCA) was evaluated in monitoring a group of renal trans-
plant patients for six months follow up. In this study, the sensitivity, specificity, positive predictive value, and
negative predictive value of nested CMV DNA PCR assay and HCA at the beginning of the study were 70, 42.9, 46.7,
66.7, and 60, 78.6, 66.7, and 73.3% respectively. After six months, they were 80, 66.7, 80, 66.7 for CMV PCR and
73.3, 88.9, 91.7, 66.7% for HCA respectively. These results indicate that in monitoring and predicting CMV infec-
tions in renal transplant recipients, not only qualitative but also quantitative assays must be used together in order
to decide the preemptive strategies.
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Human cytomegalovirus (CMV) infection is respon-
sible for significant mortality and morbidity and graft fail-
ure in renal transplant recipients (Tong et al. 1998). The
early identification of CMV is important as the majority of
patients develop infection and the best result is obtained
when treatment is started earlier (Rubin & Tolkoff-Rubin
1993). CMV must be detected before clinical symptom
appearance, but virus detection is not always followed
by CMV disease (Eckart et al. 1997). Laboratory diagno-
sis of CMV infection is based primarily on the detection
of CMV viremia and active CMV infection after the onset
of symptoms. By means of advanced laboratory assays,
it is possible to have positive laboratory assay results
before the onset of symptoms. However, laboratory diag-
nosis of active CMV infection is not always associated
with symptomatic disease (Tong et al. 1998) and the iden-
tification of these patients for clinically relevant disease
is difficult.

Various qualitative and quantitative molecular assays
are used to monitor renal transplant recipients and they
appear to be more convenient and sensitive than the tra-
ditional methods such as serology, virus cultures and shell
vial assays. The detection CMV DNA in leukocytes or
plasma by polymerase chain reaction (PCR) is the most
sensitive method of identifying CMV disease. However a
highly sensitive CMV-PCR may detect latent virus that is
not involved in disease (Rollag et al. 1998). The commonly
used DNA hybridization assays offer the advantage of
objective CMV DNA detection and quantification with-
out the hazards of PCR such as contamination or inhibi-
tion (Aitken et al. 1999).
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The aim of this study was to monitor a group of adult
Turkish renal transplant patients for six months follow up
by using PCR and hybrid capture CMV DNA assay (HCA)
in detecting and predicting CMV disease and to evaluate
the relationship between the CMV-DNA presence and the
symptomatic human CMV infection. As far as we are con-
cerned this is the first follow up study in renal transplant
patients using molecular assays in Turkey.

MATERIALS AND METHODS

Patients and specimens - Blood samples were obtained
from 24 kidney transplant recipients who were CMV IgG
positive. EDTA-anticoagulated blood samples were col-
lected at monthly intervals during six months. All of the
blood samples were evaluated with both PCR and HCA at
the beginning of this follow up study and after six months.
In the same way, the clinical symptoms of the patients
were evaluated at the beginning of this follow up study
and after six months. In addition, blood samples from 20
healthy individuals (with no recent CMV infection but
seven of whom were CMV seropositive) were also tested
as controls. Confirmation of CMV disease was based on
the clinical signs and symptoms, history and response to
antiviral therapy.

Definitions - The diagnosis of CMV disease was based
on the criteria defined at the International CMV Work-
shop (Ljungman & Plotkin 1995), in which the detection
of CMV viremia is associated with one or more of the
following symptoms and signs: (i) pyrexia with or without
general malasie and with or without leukopenia (defined
as fever of  ≥ 38oC for ≥ 48 h in the absence of transplant
rejection or intercurrent infection); (ii) pneumonitis (de-
fined as symptoms of hypoxia with or without interstitial
changes on chest X ray and the detection of CMV in
bronchoalveolar lavage fluid), and (iii) hepatitis (defined
as a alanine aminotransferase level twice the upper limit
of normal).

Nested PCR - DNA for CMV-PCR was extracted from
total leukocytes by using Heliosis® DNA extraction kit
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(Metis Biotechnology Ltd., Ankara, Turkey) according to
manufacturers’ instructions. In-house nested PCR proce-
dure was performed for the amplification of last 225 bp 3'
end of 20UL97 open reading frame (Chee et al. 1989). The
outer primer set consists of ULS1 (position 1309-1330)
and ULA2 (position 1705-1685) primers (Chatellard et al.
1998). The second round of amplification was performed
by using sense 5'-CACCAGTGTCGTGTATGCCA-3' (po-
sition 1342-1361) and antisense 5'-AAGCAGGGTGG
TAACATTCG-3' (position 1567-1546) inner primer set. The
outer set of primers used in the first round PCR reaction
amplified a 386-bp fragment of the UL97 open reading
frame, while the inner set, used in the nested reaction,
amplified a 225-bp of the UL97. Details of the first round
PCR (Chatellard et al. 1998) and the second round PCR
(Bale et al. 1993) have been described previously. The
amplification products were analyzed by agarose gel elec-
trophoresis and ethidium bromide staining. The analyti-
cal sensitivity of the PCR protocol was found to be be-
tween 1000-1250 CMV copies/ml blood. The detection limit
was determined by performing the entire CMV PCR pro-
cedure on serial dilutions of a known amount of CMV
AD169 DNA in a CMV PCR negative blood.

HCA - The amount of CMV-DNA in leukocytes was
quantified with the Hybrid Capture Assay (HCA) (Digene
Hybrid Capture Assay, version 2.0, US). The HCA is a
solution hybridization antibody capture assay: the target
DNA hybridizes with a specific CMV-RNA probe coctail
(complementary to 17% of viral genome) and the result-
ant hybrids are captured with specific anti-RNA-DNA
antibodies. Immobilized hybrids are then reacted with an
alkaline phosphatase conjugate and detected with a
chemiluminiscent substrate. The detection limit was esti-
mated at 8 pg/ml of tested specimen, corresponding to 2 ×
104 genomes/assay.

Statistical analysis - Sensitivity, specificity, positive
predictive value and negative predictive value were cal-
culated at the beginning of this follow up study and after

six months. The Mann-Whitney rank sum test for equal-
ity of medians was used to compare the amounts of CMV-
DNA in symtomatic and asymptomatic infections. P < 0.05
was considered significant for statistical analysis.

RESULTS

Twenty four kidney transplant recipients were moni-
tored for CMV infection in blood and for the symptoms of
CMV disease. Ten of the patients were symptomatic
whereas 14 were asymptomatic at the beginning of the
study. CMV activation was defined as any evidence of
virus replication, i.e. a positive nested PCR or a positive
HCA on leukocytes. There was no evidence of such acti-
vation by both of these methods in samples from healthy
controls.

After six months, the clinical pattern of some of these
patients changed and 5 of the 14 asymptomatic patients
became clinically symptomatic. Hence there were 15 symp-
tomatic and 9 asymtomatic patients after six months. These
five patients have had already positive PCR results prior
to symptoms and all of the three asymptomatic patients
with positive HCA results developed symptoms.

The results of nested PCR and HCA to detect CMV-
DNA in at the beginning of the study are shown in Table
I. Sensitivity, specificity, positive predictive value and
negative predictive value for the detection of CMV in
blood are described in Table II. As shown in these tables
the methods differ in their sensitivity, specificity, positive
predictive value and negative predictive. The problem
associated with the use of very sensitive qualitative PCR
assay leads to a particularly low positive predictive value.

After six months the comparison of the results from
PCR and HCA tests according to the patients symptoms
shows that all 5 patients out of 8 asymptomatic ones with
positive PCR results and all of the 3 patients prior to on-
set of symptoms with positive HCA results have become
clinically symptomatic. The validity values of these pa-
tients according to their symptomatic change were shown
in Table III.

TABLE I
The results of a nested polymerase chain reaction (PCR) and a hybrid capture assay (HCA) to detect cytomegalovirus

(CMV)-DNA in leukocytes

No. of patients No. patients with positive results Median amount of
CMV infection with positive results prior to  or at onset of symptoms CMV detected (range)

PCR HCA PCR HCA HCAa

Asymptomatic (14) 8 3 5 3 0.0    (0-44.8)
Symptomatic (10) 7 6 - - 28.0b (0-85.4)

a: pg/ml blood; b: P < 0.05 vs HCA in asymptomatic patients.

TABLE II
Sensitivity, specificity, positive predictive value and negative predictive value of cytomegalovirus (CMV)-polymerase chain

reaction (PCR) and hybrid capture assay (HCA) for the detection of CMV in blood at the beginning of the study

Sensitivity Specificity PPV NPV
Test (test +/disease +) (test –/disease –) (disease +/test +) (disease –/test –)

CMV-PCR 7/10 (70%) 6/14   (42.9%) 8/15 (46.7%) 6/9      (66.7%)
HCA 6/10 (60%) 11/14 (78.6%) 6/9    (66.7%) 11/15  (73.3%)
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DISCUSSION

CMV is an important pathogen after renal transplanta-
tion. Early identification of viremia followed by preemp-
tive therapy should reduce the number of patients devel-
oping significant disease. Laboratory tests are generally
used for the diagnosis of active CMV infection after the
onset of symptoms. By means of more sensitive assays it
is possible to have positive laboratory assay results be-
fore the onset of disease. However, laboratory diagnosis
of active CMV infection is not always associated to symp-
tomatic CMV disease.

CMV as a member of Herpesviridae, establishes la-
tency upon primary infection which occurs early in life in
a majority of individuals (Britt & Alford 1996). The term
latency refers to the presence of viral genome in the ab-
sence of active production of infectious virus. As a mat-
ter of fact, in CMV seropositive immunocomprised hosts
the nature of infection can be summarized in three steps:
latent infection, reactivation of infection without symp-
toms and symptomatic infection (Chatellard et al. 1998).
For practical purposes, the diagnostic assays establish
whether the infection is active and the reactivation of
infection can be easily diagnosed by the detection of in-
fectious virus or nucleic acids in patients’ samples.

In transplant recipients CMV can be detected in the
blood days or even weeks before the onset of clinical
symptoms. A positive CMV test days or weeks before the
onset of symptoms is of clinical value as a majority of
patients will develop disease and preemptive antiviral
therapy is considered.

In recent years molecular methods are considered as
gold standart as they are more sensitive than the conven-
tional methods such as virus culture, shell vial assay, se-
rology and antigen detection. Molecular methods enable
detection of virus prior to onset of symptoms (Kulkarini
et al. 2001). The PCR assay is developed for more practi-
cal and sensitive application to diagnosis of CMV infec-
tion. In addition to its diagnostic potential, detection of
CMV infection by PCR occurs at very early times com-
pared with conventional detection (Einsele et al. 1991).
On the other hand, Rollag et al. indicates that HCA assay
for quantitative assessment of CMV-DNA in leukocytes
can be very useful in the surveillance of CMV infection
and disease (1998). Furthermore Weinberg et al. (2002)
reports that the molecular detection of CMV-DNA by HCA
is more sensitive when whole blood or leukocytes is used
than when plasma is used. Another study shows that HCA
is an efficient assay for detecting and quantifying CMV
viremia, for the test format is standardized and not sub-
ject to contamination or inhibition (Barrett-Muir et al. 1998).

In this work we prospectively studied the utility of
PCR and HCA for diagnosis of human CMV infection and
emphasized the predictive value of the molecular meth-
ods in CMV activation in an immunosupressed group,
renal transplant patients. The sensitivity, specificity, posi-
tive predictive value, and negative predictive value of
nested CMV DNA PCR assay and HCA at the beginning
of the study were 70, 42.9, 46.7, 66.7 and 60, 78.6, 66.7, and
73.3% respectively. After six months, they were 80, 66.7,
80, 66.7% for CMV PCR and 73.3, 88.9, 91.7, 66.7% for
HCA respectively. In terms of specificity and PPV, the HCA
appears superior. However in the case of sensitivity PCR
seems to be more superior. These results raise the ques-
tion of whether the PCR assay will be too sensitive to
distinguish among the population of CMV-seropositive
transplant recipients, the subgroup at high risk for pro-
gressive infection. In particular increasing the sensitivity
is important inspite of the few reported false-negative re-
sults (Cantanzarit et al. 1993, Donner et al. 1993, Nicolini
et al. 1994, Mulango et al. 1995, Revello et al. 1995), but
the lower sensitivity might be problematic with respect to
early detection of CMV relapse or therapy monitoring
(Gerna et al. 1994).

The sensitivity of the leukocyte assays in this study
is consistent with previous findings reported in Tong et
al. (1998), Eckart et al. (1997), Rollag et al. (1998), Schäfer
et al. (1998). CMV DNA in leukocytes may appear earlier
and persist longer than CMV DNA in plasma. Studies con-
cerning the sensitivity of leukocyte PCRs demonstrate
their convenience as they are positive 8 to 13 days before
the onset of illness on average (Tong et al. 1998, 2000).
According to Eckart et al. (1997) DNA in leukocytes is the
earliest diagnostic method and appears 22 days before
clinical symptoms. Moreover the detection of CMV DNA
in polymorphonuclear leukocytes is associated with ac-
tive infections and is more sensitive than detection of
CMV DNA in plasma as shown in a study by Schäfer et al.
(1998). Although infectious CMV has occasionally been
recovered from plasma (Gerna et al. 1994, Spector et al.
1992), shedding of CMV DNA from lysed leukocytes into
the plasma is a possible explanation in the sensitivity dif-
ference of leukocytes and plasma (Zipeto et al. 1995).
Considering all of these, leukocyte assays seem to be
more convenient in follow-up studies.

The differences in the positive predictive value of PCR
and HCA at the beginning (46.7 and 66.7%, respectively)
and end of the study (80 and 91.7%, respectively) indi-
cate the reliability of both assays for monitoring and pre-
dicting the active CMV infection.

In conclusion, we have been able to demonstrate the

TABLE III
Sensitivity, specificity positive predictive value and negative predictive value of cytomegalovirus (CMV)- polymerase chain

reaction (PCR) and hybrid capture assay (HCA) for the detection of CMV in blood after one year

Sensitivity Specificity PPV NPV
Test (test +/disease +) (test –/disease –) (disease +/test +) (disease –/test –)

CMV-PCR 12/15 (80.0%) 6/9     (66.7%) 12/15 (80.0%) 6/9    (66.7%)
HCA 11/15 (73.3%) 8/9     (88.9%) 11/12 (91.7%) 8/12  (66.7%)
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clinical utility of both PCR and HCA for monitoring CMV
infections in renal transplant recipients. PCR is more sen-
sitive and HCA is more specific for monitoring these pa-
tients. The usage of both assays, qualitative PCR and
quantitation of viral DNA together; seems to be more effi-
cient for careful monitoring of CMV infections and for
deciding antiviral treatment strategies in renal transplant
patients. The positive results of asymptomatic patients
must be taken into consideration as they may later de-
velop disease and early antiviral therapy will be more effi-
cient for the clinical outcome. The cost of these methods
in this diagnostic strategy can be undervalued when com-
pared with the benefit of the most correct diagnosis of the
infection.

New assays based on molecular techniques have be-
come available for routine CMV diagnosis (Halwachs-
Baumann et al. 2001) and a lot of another based on differ-
ent strategies have been developed recently (Hong et al.
2004, Foldes-Papp et al. 2004). The critical point is the
determination of clinically relevant CMV activation from
latency and the earliest time for accurate detection of this
activation.
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