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Objectives 

 Know existing guidelines for monitoring EBV viremia 

in the pediatric renal transplant population 

 Understand how to manage immunosuppression in 

patients with EBV viremia 

 Learn updates in treatment and outcomes in post-

transplant lymphoproliferative disorder (PTLD) 

 



Epstein-Barr Virus (EBV) 

 The goal of monitoring EBV post transplant is to 

prevent development of post-transplant 

lymphoproliferative disease (PTLD) 

 Precursors to PTLD are EBV infection and EBV 

disease 

 EBV infection: asymptomatic with detectable viral load 

 EBV disease: symptomatic with detectable viral load 

 PTLD: lymphoproliferation 



Pathogenesis 

 B lymphocytes are important reservoir for EBV 

 EBV will insert genome into B cells and induce 

proliferation  

 Immunocompetent individuals keep infected B cells 

in check with EBV-specific CD8 cytotoxic T 

lymphocytes (CTLs) 

 Post-transplant immunosuppression inhibits EBV-

specific CTLs and permit unchecked proliferation of 

EBC infected B cells 

 



Signs & symptoms 

 EBV disease: spectrum of manifestations 

 Non-specific febrile illness 

 Gastroenteritis 

 Hepatitis 

 Lymphoproliferative disorder and malignant lymphomas 

 PTLD: Uncontrolled proliferation of lymphocytes within 
the context of post-transplant immunosuppression 

 Diagnosis made by histopathologic examination 

 Early lesions 

 PTLD monomorphic 

 PTLD polymorphic 

 Hodgkin and Hodgkin lymphoma-like 

 

 



Epidemiology 

 Highest risk for PTLD is EBV seronegative recipient who 
receives a kidney allograft from an EBV seropositive 
donor 

 Pediatric patients are often EBV seronegative, making 
them a uniquely vulnerable population 

 Approximately 50% of pediatric kidney transplants 
recipient were EBV seronegative at the time of transplant 
compared to 10% of adult kidney transplant recipients 

 PTLD rates vary with the organ transplanted 

 Thoracic (heart, lung or combined) and intestinal transplants 
have the highest rates of PTLD, typically in the 5–10% 
range 

 Pediatric kidney transplants were previously associated with 
PTLD rates of < 1%, but these rates have climbed and are 
now in the 2–4% range at 3–5 years after transplantation 



Guidelines for EBV monitoring 

 2009 KDIGO Clinical Practice Guidelines for the Care 

of Kidney Transplant Recipients 

 We suggest monitoring high-risk (donor EBV seropositive/recipient EBV 

seronegative) KTRs for EBV by NAT 

 once in the first week after transplantation 

 at least monthly for the first 3–6 months after transplantation 

 every 3 months until the end of the first post-transplant year and 

additionally after treatment for acute rejection  

 We suggest that EBV seronegative patients with an increasing EBV load have 

immunosuppressive medication reduced 

 We recommend that patients with EBV disease, including PTLD, have a reduction 

or cessation of immunosuppressive medication 



Guidelines: American Society of Transplantation  

EBV seronegative recipients (including all children <1 year 
of age regardless of their pre-transplant EBV serostatus) 

 First 1 year: 

  EBV viral load should be obtained at least once a month 
for EBV R– patients. While the D–/R– patient might be at 
decreased risk of developing EBV disease compared to      
D+/R–, they are still at increased risk relative to the R+ 
patient and therefore warrant close monitoring. Some 
centers may choose to measure EBV loads more frequently. 

 Beyond 1st year:  

 Selective monitoring, such as in those with persistently high 
viral loads or in those with higher than normal 
immunosuppression, may be performed based on center 
preferences. Some centers recommend continued monitoring 
for an indefinite period for all patients 



Laboratory Monitoring of EBV 

 There is no consensus and considerable variability 

exists between centers 

 EBV viral load can be measured in plasma or whole 

blood 

 Whole blood contains all EBV DNA (cell free and cell 

associated) 

 Plasma contains EBV from free virus 

 Peripheral blood lymphocytes (PBLs) 

 



 EBV DNA load values were measured in samples of 

whole blood (N=60) and plasma (N=59) by 

TaqMan PCR and in samples of peripheral blood 

lymphocytes (PBLs) (N=60) by cPCR 

 Samples were obtained from 44 transplant 

recipients 



• Whole blood and PBL loads correlated highly (r2>0.900) 

• Plasma and PBL loads correlated poorly (r2=0.512) 

• Testing of whole blood by TaqMan PCR is an acceptable alternative  

• to testing of PBLs by cPCR for quantifying EBV DNA load 



Threshold EBV level 

 There is lack of consensus about whether high or 

persistent EBV load is predictive of the development 

of PTLD 

 There is variability in definition of high or persistent 

EBV load  

 Studies are primarily retrospective and differ by 

transplant population, immunosuppressive protocols  



 Retrospective study of 71 pediatric heart transplant 

recipients 

 Chronic high load defined as >16,000 genome 

copies/mL whole blood on >50% of samples over 

at least 6 month period 

 

 



• Among 20 high load carriers, 9 (45%) developed late onset PTLD  

 2.6-8.4 years post transplant 

• High load carrier state and prior history of PTLD were  

 independent predictors of late PTLD 
 



 Case-control study of 22 patients with PTLD matched to 44 
controls 

 PTLD cases occurred at a median of 22.8 months post-
transplantation 

 Majority were liver transplant recipients, followed by heart, 
renal, and lung  

 The median age of cases was 26.2 months (range 6.1–194) 
compared with 47.4 months (range 0.8–202.2) for controls 

 



 Cases had a higher mean baseline EBV load 

compared with controls (3.1 log10  vs. 1.6 log10 /106  

PBMCs), with every 1 log increase in viral load 

resulting in a three times increase in the likelihood of 

PTLD 

 No significant differences in immunosuppression, 

antiviral agents, immune globulin between cases and 

controls 

 

 



 Retrospective cohort study of pediatric renal transplant 

recipients between January 2000-December 2013 

 Having a maximum peak of EBV viral load above the 

median value observed in the whole cohort (59,909.5 

copies/μl) was a significant and independent predictor 

of non-early lesions PTLD and all PTLD onset 

 



• Following transplantation, 50 of the 103 seronegative patients (48.5%) developed a first 

EBV infection, based on the results of PCR assays for EBV DNA, with 19 of these patients 

ultimately reverting to the negative state (<3000 copies/μl).  

• Among the 201 seropositive patients only 40 (19.9%) presented a reactivation of EBV. 

Non-early lesions PTLD was diagnosed in ten patients, and early lesions PTLD was 

diagnosed in five patients. In all cases a positive EBV viral load had been detected at 

some stage of the follow-up 



 Prospective, multicenter study among 106 pediatric kidney allograft recipients aged 

11.4 ± 5.9 years 

 EBV primary infection occurred in 27 of 43 (63%) seronegative patients and 

reactivation/reinfection in 28 of 63 (44%) seropositive patients 

 There was no association between the degree or duration of EBV load and EBV-

related morbidity: The vast majority (17 of 18 [94%]) of patients with a high, 

persistent EBV load remained PTLD-free throughout a follow-up of 5.0 ± 1.3 years, 

while 2 of 3 (66%) patients with EBV-related PTLD exhibited only a low EBV load 

beforehand. Eight of 18 (44%) patients with a high, persistent EBV load remained 

asymptomatic during a follow-up of 5.3 ± 2.9 years. 
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An EBV load of ≥104 

genomes/mL was defined as 

high viral load. A detectable 

EBV load in >50% of blood 

samples was considered to be 

persistent EBV load. The 

chronic high EBV load (CHL) 

carrier state was defined by 

the presence of a high (≥104 

genomes/mL) and persistent 

(>50% of samples) EBV load. 



• Patients with EBV infection had a 

significantly (P = .01) higher 

mean TAC dose (Figure 3A), 

lower MPA predose level (Figure 

3B), and higher modified 

Vasudev score (Figure 3C) in the 

first year after transplant than 

EBV infection–free recipients. 



In the multivariate analysis, in which HLA-A19, HLA-DR7, the modified Vasudev score, 

antiviral prophylaxis, and donor and recipient EBV serostatus were considered as 

covariates, only HLA-DR7, the Vasudev score, and an EBV high-risk constellation  

(EBV D+/R − ) were identified as independent significant factors 



 Retrospective study of 13 renal transplant patients that 
were EBV seronegative before grafting and received 
EBV serial monitoring 

 High EBV load was defined as >1000 copies/μg DNA 
over 6 months (measured in PBMCs) 

 Group A: high EBV load, asymptomatic (6) 

 Group B: without high EBV load, asymptomatic (7) 



 Modulation of immunosuppression (discontinuation 
of MMF, reduction in TAC) resulted in reduction in 
high EBV loads 

 Maintenance of the EBV genome in PBMCs at 
<1000 copies/μg DNA is effective to prevent the 
development of late-onset PTLD, as the upper limit 
in healthy children seropositive for EBV and the 
mean EBV loads of the patients who successfully 
controlled EBV revealed <1000 copies/μg DNA in 
this study 



 CTLs in most of the patients with asymptomatic persistent high 
EBV loads were detected after primary EBV infection, but the 
percentage did not exceed 1.0% until reduction in 
immunosuppression 

 EBV loads and CTLs  monitoring may be useful for avoidance 
of PTLD, as patients with asymptomatic persistent high EBV 
loads had higher EBV loads and lower percentages of CTLs 



Treatment 

 There are no universally accepted treatment 

guidelines for subclinical EBV infection post-

transplant 

 The only consensus recommendations are for 

reduction in immunosuppression 

 Antiviral therapy 

 IVIG 

 Monoclonal antibody therapy 

 

 



 In a prospective, multicenter trial (n = 114), we compared 2 
cohorts of pediatric renal transplant patients at high risk 
(D+/R-) of developing EBV infection post transplant  

 Chemoprophylaxis (n = 20) 

 Control cohort without chemoprophylaxis (n = 8) 

 Chemoprophylaxis 

 GCV (8) 

 VGCV (13) 

 Anti-CMV hyperimmuneglobulin at time of engraftment (7) 

 Duration of therapy: 120 days post-transplant 

 

 

 



 Chemoprophylaxis was 
associated with a 
significantly lower EBV 
viral load (P < 0.001) 

 Type or intensity of 
immunosuppressive 
therapy did not 
influence the occurrence 
of EBV primary infection 
or the level/persistence 
of EBV viral load 

 



 Over the 1-year study 
period, antiviral 
prophylaxis with 
VGCV/GCV was 
associated with a 
significantly decreased 
incidence of EBV primary 
infection: 9/20 patients 
(45%) in the prophylaxis 
group experienced an 
EBV primary infection 
compared to 8/8 controls 
(100%) (P < 0.0001) 

 



 Retrospectively reviewed the spectrum of histologically 
documented PTLD for two time intervals differentiated 
by changes in use of molecular EBV monitoring 

 Eleven of 146 patients (7.5%) in 2001–2005 (Era A) and 
10 of 92 (10.9%) in 1993–1997 (Era B) were diagnosed 
with PTLD 

 No EBV monitoring available in Era B 

 Pediatric liver transplant patients 



 Patients in Era A presented 
with significantly less 
advanced histological disease 
compared to patients in Era B 
(p = 0.03) 

 Nine patients (82%) in Era A 
had Pl 
hyperplasia/polymorphic 
PTLD, whereas in Era B, six 
had advanced histological 
disease (five monomorphic 
and one unclassified) 

 Three transplant recipients in 
Era B died secondary to PTLD, 
whereas there were no PTLD-
related deaths in Era A (p = 
0.03) 



 Although there was no significant difference in the 
prevalence of PTLD, children who were diagnosed 
with PTLD in the more recent era had an earlier 
phenotypic presentation of PTLD and lower risk of 
death 

 This is likely a consequence of closer clinical 
observation in association with EBV PCR monitoring, 
general reductions in levels of immunosuppression, 
increased diagnostic accuracy, better therapeutic 
options 



Conclusions 

 The following issues warrant further prospective studies 

 The optimal EBV assay 

 How to define high EBV load 

 How to manage EBV viremia 

 It is important to realize that not all patients with 

detectable EBV DNA progress to PTLD and not all 

patients with PTLD have an elevated EBV PCR 

 However, EBV monitoring has improved clinical outcomes 

in PTLD and should be standardized in the pediatric 

transplant population 
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