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Abstract
Monitoring of Epstein-Barr virus DNA viral loads (EBVL) in
whole blood and plasma following pediatric kidney
transplantation has been routinely employed to facilitate
the diagnosis and management of Epstein-Barr virus (EBV)
infection. However, recent studies from our laboratory and
others have demonstrated a number of transplant
recipients with chronically high EBVL, thereby calling into
question the clinical utility of monitoring EBVL. The aim of
this study was to compare the relative diagnostic value of
measuring EBV DNA load in plasma and whole blood
collected in parallel from 64 pediatric kidney transplant
recipients. Thirteen patients had a high EBVL and were
characterised in detail and 11 (84.6%) of these were EBV
seronegative at the time of kidney transplant. It has been
hypothesised that the point immediately before EBV
seroconversion can be identified by a peak in plasma EBVL.
However, compared to plasma, whole blood EBVL remained
fairly constant over time for these patients. Overall, a
correlation was observed between whole blood and plasma
EBVL in sequential specimens collected post-transplant
(r=-0.95, p<0.002), however, there was no consistent ratio
between the EBVL and individual time-point EBVL between
the two sample types. Our findings indicate that the optimal
sample type may vary in different states of infection;
however the detection of EBVL, in particular a significant
increase in EBVL, provides a clinical trigger to investigate
the patient in more detail.

Introduction
Recent studies however, from our laboratory and others have

demonstrated a cohort of pediatric transplant recipients with
chronically high EBVL, and therefore challenges the utility of
monitoring EBVL [1-8]. It has previously been reported that in
transplant patients, EBVL monitoring in whole blood and plasma
was equivalent in terms of accuracy for the early diagnosis of

post-transplant lymphoproliferative diseases [9]. The hypothesis
is that the presence of EBVL in plasma may reflect EBV DNA
generated during the lytic cycle of EBV whereas in whole blood
there would be a significant burden of EBVL associated with
latent viral DNA. Nevertheless, since there is no direct evidence
that the EBV DNA in plasma represents viral virions, another
possibility is that the plasma EBV DNA is generated by both virus
replication and immune destruction or turnover of latently
infected cells. However, there is only limited data directly
comparing sequential plasma and whole blood samples
collected post-transplant and there is a lack of international
consensus on the best specimen type, or unit of reporting
(reviewed in 1). In addition, the literature does not identify a
specific EBVL threshold corresponding to the term “high EBV
load”. This is further complicated by the broad array of DNA
extraction protocols and specific EBV DNA assays available
[1,10]. As a result, difficulties remain in comparing studies and
results from different laboratories.

The aims of this study were (i) to compare EBVL in paired
whole blood and plasma samples collected in parallel from
pediatric post-renal transplant recipients and (ii) to assess the
utility of each for monitoring EBVL. To date, there is essentially
no published evidence that any biomarker measured during
times of clinical quiescence can predict long-term transplant
outcome.

Materials and Methods

Study cohort
Paired whole blood and plasma samples (n=1186) were

collected from 64 pediatric renal transplantation recipients at
the Department of Nephrology, Children’s University Hospital,
Temple Street, Dublin (CUH). The mean age at the beginning of
the study was 8.5 years (range 1.5-16.5 years). Most patients
presented with congenital anomalies and inherited renal disease
(n=52); the majority with renal aplasia/dysplasia and hypoplasia
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(n=21), Prune Belly Syndrome (n=5), Posterior Urethral Valve
(n=5) and Nephronophthisis (n=4). Four patients presented with
Focal segmental glomerulosclerosis, three with tubulointerstitial
disease and two with Wilm’s tumour. One patient presented
with each of the following diseases, Haemolytic Uremic
Syndrome, Ishaemic renal failure due to global development
delay (hypoxia) and one patient was undiagnosed. Of the 64
patients, 38.5% had living related donors and 61.5% had
cadaveric donors [5].

Samples were collected prospectively post-transplant
according to the protocol established by the Department of
Nephrology, Children’s University Hospital. Samples were
collected for EBVL once a week for the first 3 months, then
fortnightly for the next 3 months and then once a month for the
following 6 months and then at annual review clinics. If a patient
became symptomatic suggestive of EBV infection, irrespective of
the time since transplant, samples were collected once a week
until EBVL became undetectable in two consecutive samples.
Patients with high chronic EBVL were defined as those who
maintained EVBL of more than 5000 copies/ml for a minimum
period of 6 months post-primary or reactivation of infection.
Patients who resolved infection were classified as those who
experienced primary infection post-transplant or a reactivation
of an existing infection but who resolved infection and did not
have a detectable EBVL for more than 6 months. It was not
possible to obtain ethical approval to collect samples from
healthy children.

The standard immunosuppressive regimen consisted of
basiliximab induction, tacrolimus, prednisolone, azathioprine or
mycophenolate. Target tacrolimus trough levels in plasma were
12-15 ng/ml for the first 8 weeks after transplant, 8-10 ng/ml for
the first year and <6 ng/ml after the first year. Mycophenolate
and azathioprine were stopped when a patient who had
detectable EBV DNA viral load developed clinical symptoms or
the viral load increased. Thereafter there was a marked
improvement in the majority of patients.

All CMV negative patients who received a cytomegalovirus
(CMV) positive organ commenced on anti-viral prophylaxis with
oral Val-acyclovir. Val-acyclovir was also administered upon EBV
primary infection post-transplant for up to 3 months. Five
patients experienced primary EBV infection while on Val-
acyclovir prophylaxis. Subsequently, Val-acyclovir administration
for primary EBV infection was stopped in this clinic (A.A.
unpublished data).

The study was approved by the Ethics committee in the
Children’s University Hospital Temple Street.

Quantification of EBV DNA
Up to June 2012, DNA was manually extracted from 200 µl of

whole blood or plasma samples (Qiagen, Crawley, UK). Since
June 2012, DNA was extracted from 200 µl of whole blood or
plasma samples using the automated Magna pure DNA
automated extraction method (Qiagen, Crawley, UK) and eluted
in 100 ul according to the manufacturer’s instructions.
Amplification and quantification was performed using the
Qiagen Artus EBV PCR kit (Qiagen, Hamburg, Germany) in

accordance with manufacturer’s instruction. The lower
detection limit of the assay is 500 copies/ml (log10 2.7).

EBV serological testing
Up to October 2008, testing for Epstein-Barr virus Nuclear

Antigen (EBNA) IgG was performed using the manual enzyme
immunoassay (Biotest, Germany) and Epstein-Barr virus Viral
Capsid Antigen (VCA) IgG serology was performed using the
manual enzyme immunoassay (Captia, Trinity Biotech, Ireland).
Thereafter, both EBNA IgG and VCA IgG serology was performed
using the Liaison automated analyser (Diasorin, Italy).

Statistical analysis
Statistical analysis was conducted using StatView software

(version 5.0; SAS Institute). The Mann-Whitney U test for
continuous variables and Fisher exact test for categorical
variables were employed. Associations between variables were
determined by the non-parametric Spearman correlation test. P
≤ 0.05 was considered significant.

Results

Patient demographics
Table 1 shows the characteristics of the patient cohort

included in the study. Males comprised 64% (41/64) of the
cohort. The mean and median age of the cohort at the time of
transplant was 8.5 and 8.8 years, respectively (range 1.5-16.5
years). At the time of transplant, 23.4% of patients were <5
years of age, 39.1% were between 5 and 10 years and 37.5%
were more than 10-years-old.

Table 1: Demographics of paediatric renal transplant recipients.

Characteristics Number of patients

Gender

Male 41

Female 25

Age at time of transplant

<5 years 15/64

5-10 years 25/64

>10 years 24/64

Serotype at time of transplant

Seronegative 38/59 (64%)

Seropositive 21/59 (36%)

Figure 1 shows the EBV serostatus of the patients at the time
of transplant. Serological investigation available on 62 patients
prior to transplant revealed that 66% of patients were EBV
seronegative. The ratio of EBV seronegative to seropositive
patients in the younger cohorts of <10 years of age was about
4:1. The mean and median age of the EBV seronegative patients
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was 7.9 years and 7 years and the seropositive patients were
10.4 and 11.1 years respectively.

Figure 1: EBV serological status of patients (n=62) at the time
of renal transplant.

EBV DNA viral load measurement in patients post-
transplant

Of the patients who were EBV naïve prior to transplant, 17
patients (42.5%) had first detection of EBV DNA viral loads
within 6 months post-transplant. By one year post-transplant, a
further 3 patients had detectable EBV DNA in their circulation
and thereafter at 2 and 5 years post-transplant, another patient
at each of these time-points had detectable EBV viral loads.
Figure 2 shows analyses of detectable EBV DNA in the study
cohort at 6 months (n=63), 1 year (n=56), 2 years (n=43) and 5
years (n=27) post-transplant. As the time post-transplant
elapsed, approximately half the patients had detectable viral
loads at each of the time point studied.
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Figure 2: Percentage of patients with detectable EBV DNA
over time following renal transplantation.

Comparison of EBV DNA viral load levels in whole
blood and plasma

Whole blood and plasma samples collected in parallel were
analysed in the patient cohort described above. However, of the
64 patients, 13 were selected for detailed analysis as these
patients had high and detectable EBVL post-transplant and had

sequential samples for which paired plasma and whole blood
were tested. Eleven of these patients were EBV seronegative
before transplant. In many of these seronegative patients, whole
blood EBVL remained fairly constant over time compared to
peaks observed in the plasma.
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Figure 3a: Loss of correlation of EBVL in plasma and whole
blood over time in a) all patients (n=13).

Analysis of the relationship between whole blood and plasma
EBVL over time post-transplant in all patients (a) and in the EBV
seronegative at transplant cohort (b) revealed a negative
correlation for both cohorts (r=-0.95, p<0.002; r=-0.82, p<0.03
respectively) indicating that as the time post-transplant
increases, correlation between EBV viral loads in whole blood
and plasma declines (Figure 3 a and b). Figure 4 a shows the
relationship between the EBVL log copies/ml of plasma and
whole blood EBVL over time for two patients who received
valganciclovir (valcyte) from approximately 3-10 months post-
transplant. No decrease in EBVL was observed over this period
and no correlations were found between whole blood or plasma
EBVL and white cell counts or total lymphocyte counts.
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Figure 3b: 11 EBV seronegative patients at time of transplant.
Each point represents the mean assessment of between 2
and 7 patients.
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Figure 4a: Patient A- Monitoring of EBVL (log copies/ml)
measured in whole blood (■) and plasma (○) over time shown
in 2 representative patients who received valcyte. The
horizontal line represents the limit of detection of the assay
(log 2.7).
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Figure 4b: Patient B- Monitoring of EBVL (log copies/ml)
measured in whole blood (■) and plasma (○) over time shown
in 2 representative patients who received valcyte. The
horizontal line represents the limit of detection of the assay
(log 2.7).

Delayed EBV seroconversion rates in transplant
recipients

The EBV serological response was monitored in the EBV
seronegative at transplant cohort (n=11). The time for first
detection of VCA IgG varied from 1-8 months following
detection of EBVL in the whole blood or plasma. The levels of
VCA IgG remain persistently high (>750 U/ml) in all patients
(time range of 6 to 87 months). Of these 11 patients, 6 remain
EBNA IgG negative, between 4 to 84 months post first detection
of VCA IgG. Specimens from 4 patients had equivocal to weak
positive EBNA IgG levels detected 3 to 20 months after first

detection of VCA IgG. Only one patient had detectable levels of
EBNA IgG a month after VCA IgG was present.

Discussion
This study sought to compare the relative diagnostic utility of

measuring EBV DNA load in paired plasma and whole blood
collected from pediatrics renal transplant recipients. A question
arising from this study is which the most appropriate sample
type is; plasma or whole blood for detecting a significant change
in EBVL. The findings in this study show that the correlation
between EBVL in whole blood and plasma declined with time
elapsed following transplantation. This applied to both the EBV
susceptible and those previously infected at the time of
transplantation. This is surprising, especially based upon the
hypothesis that plasma EBVL may reflect EBV DNA detected
during the lytic cycle, as it would be expected that those
individuals with primary EBV infection would have a higher EBVL
in plasma and whole blood. Our findings may indicate that the
optimal sample type may vary in the different states of infection.

As time since transplant increased there was a decline in
correlation. Figure 3 shows two patients who received
valganciclovir (valcyte) therapy. Valcyte therapy causes a
decrease in VL by inhibiting viral replication and as there was no
reduction in EBVL, the EBVL observed is due to the detection of
latent EBV DNA and not EBV DNA generated during replication
during the lytic cycle. Another limitation is that a significant
number of plasma EBVL detected in the assay are at the limit of
detection of the EBV DNA assay and the accuracy of the EBVL
assay at this level is less reproducible. It is also probable that low
level cellular contamination of the plasma may account for the
detection of low level EBVL in these samples. It is possible that
the correlation declines as in reality EBV DNA detectable in
plasma is due to EBV DNA detected in contaminating cells and
not virus in a lytic cycle. Several studies have shown greater
clinical specificity when plasma was used [11,12] however the
study by Wagner et al. [12] examining a spectrum of organ
transplant recipients reported that plasma EBVL showed perfect
sensitivity and specificity when examined using a cut-off of
1,000 copies/100 µl. Furthermore, several studies have shown
that plasma is also more informative than whole blood or
peripheral blood mononuclear cells for monitoring therapeutic
efficacy [11-15]. Plasma is also a clear choice of specimen in
patients with nasopharyngeal carcinoma as the infected
malignant epithelial cells are not observed in the circulation and
therefore the EBV measured in plasma is naked DNA emanating
from dying tumour cells [16-18].

While the authors acknowledge that a limitation of the study
is the small number of patients, all pediatric renal transplant
patients (n=64) in Ireland have been included in the study. The
medical management of paediatric kidney transplantation is a
complex process requiring input from all members of the
multidisciplinary team and on-going high level monitoring by the
health care team of diagnostic tests and services. The
introduction of “care managers” to facilitate the care of those
with other chronic illnesses such as cardiovascular disease has
proved beneficial in other centres and has enhanced patient
safety at home [19]. Whilst monitoring EBVLs are important,
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being cognizant of the clinical signs is also crucial. Care
managers, such as specialist transplant nurses in this study, who
can promote monitoring of signs and symptoms may prevent
post-transplant lymphoproliferative disease from occurring and
their incorporation into the medical team should be considered.

The detection of EBVL, however, in particular the significant
increase in EBVL, provides a clinical trigger to investigate the
patient in more detail and if necessary reduce
immunosuppression or consider the administration of rituximab.
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