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Abstract
Allogeneic hematopoietic cell transplant (allo-HCT) is a potentially curative therapeutic strategy that showed encouraging long-
term outcomes in hematological diseases. A number of factors can influence post-transplant clinical outcomes. While Epstein-
Barr virus (EBV) constitutes a trigger for development of various adverse conditions, no clinical study yet has been
powered to assess the effect of EBV serostatus on the clinical outcomes in allo-HCT population. To systematically
summarize and analyze the impact of donor and recipient EBV serostatus on transplant outcomes in allo-HCT
recipients, meta-analyses were conducted. Selected endpoints were overall survival (OS), relapse-free survival
(RFS), relapse incidence (RI), non-relapse mortality (NRM), acute graft-versus-host disease (aGVHD), chronic
graft-versus-host disease (cGVHD), and de novo cGVHD. Three studies with 26,650 patients, transplanted for acute
leukemias, lymphomas, chronic hematological malignancies, or non-malignant hematological diseases were included
in the meta-analysis. In the whole population, with a total of 53,300 donors and recipients, the rate of EBV
seropositivity was 85.1%, including 86.6% and 83.6% among transplant recipients and healthy donors, respectively.
Donor EBV seropositivity increased the risk of cGVHD by 17%, de novo cGVHD by 14%, and aGHVD by 5%. Recipient
EBV seropositivity increased the risk of cGVHD by 12%, de novo cGVHD by 17%; increased NRM by 11%, increased RI by
11%, decreased OS by 14%, and decreased RFS by 11%. In performed meta-analyses, donor and recipient EBV seropositivity
was found to have a significant impact on transplant outcomes in patients after allo-HCT.
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Introduction

Epstein-Barr virus (EBV) is a widespread human herpesvirus
(HHV4), infecting the majority of children, that establishes
lifelong latent infection in the host memory B cells [1–3].
This virus accounts for a number of clinical syndromes and
conditions, including post-transplantation lymphoprolifera-
tive disorder (PTLD), one of the most serious allogeneic he-
matopoietic cell transplantation (allo-HCT) complications [3,
4]. Pretransplant EBV seropositivity of recipient and donor
constitutes a major trigger of the PTLD development [5], af-
fecting a dismal survival rate after HCT (20% PTLD vs. 62%
non-PLTD patients) [6]. A potential post-allo-HCT complica-
tion that might pose a diagnostic challenge to be differentiated
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from PLTD is graft-versus-host disease (GVHD), which, de-
pending on the severity, guards the delicate balance be-
tween transplant-related morbidity/mortality and the risk
of relapse.

As thorough, evidence-based assessment of hematological
diseases require a large sample size and a sufficient follow-up,
the European Society for Blood and Marrow Transplantation
(EBMT) undertook an action to facilitate research outcomes
by joining collaborating centers. In the series of publications,
the EBMT sought to define the EBV role on transplant out-
comes in selected hematological diseases and a possible im-
pact of EBV seropositivity on acute and chronic GVHD
was shown [7–9]. However, no clear impact of EBV
serostatus on other transplant outcomes was unveiled
so far. We therefore aimed to systematically summarize
and analyze the current evidence base regarding impact
of donor and recipient EBV serostatus on transplant

outcomes in allo-HCT recipients based on meta-
analysis.

Methods

Data source and literature search strategy

The meta-analysis was performed according to established
methods recommended by the Cochrane guidelines [10].
The findings were reported in compliance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement for conducting systematic reviews and
meta-analyses in health care interventions [10, 11]. A system-
atic inquiry of publications indexed in the PubMed,
MEDLINE, Cochrane Central Register of Controlled Trials,
Google Scholar, and EMBASE databases, as well as

Fig. 1 PRISMA flowchart
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clinicaltrials.gov were searched until August 2020. The search
was performed using the following key words and search
phrases “(Epstein-Barr virus OR Epstein-Barr virus OR
EBV OR EBV serostatus) AND (graft versus host OR
GVHD OR overall survival OR OS OR non-relapse mortality
OR NRM OR relapse-free survival OR RFS OR relapse inci-
dence OR RI) AND (hematopoietic stem cell transplantation
OR HSCT OR hematopoietic cell transplantation OR HCT
OR umbilical cord blood transplantation OR UCBT OR cord
blood transplantation OR CBT OR bone marrow transplanta-
tion OR BMT).” Relevant citations were screened at the title/
abstract level and retrieved as full reports. Inclusion criteria
were the following: (1) human studies, (2) studies reporting
clinical outcomes of interest, (3) a minimum median follow-
up of 1 year, (4) studies conducted in patients with hemato-
logical disorders. Exclusion criteria were the following: (1)
EBV serostatus of both donor and recipient not reported, (2)
studies evaluating the treatment of EBV-related post-trans-
plant lymphoproliferative disorders, (3) studies evaluating
EBV prophylaxis.

Study design and endpoint selection

Selected endpoints were overall survival (OS), relapse-free
survival (RFS), relapse incidence (RI), non-relapse mortality
(NRM), acute graft-versus-host disease (aGVHD), chronic
graft-versus-host disease (cGVHD), and de novo cGVHD.
RFS was defined as survival without evidence of relapse or
progression. Relapse was considered as the presence of >5%
bone marrow (BM) blasts and/or reappearance of the under-
lying disease. OS was analyzed as the time from allo-HSCT to
death, regardless of the cause. Death from any cause was
regarded as event for OS, while relapse and death regardless
from the cause were considered to be events for RFS. RI was
estimated considering relapse or reappearance of the underly-
ing disease as event of interest and death without relapse as a
competing event. NRMwas defined as death with no evidence
of relapse or progression, and with relapse as a competing
event. AGVHD was defined according to the classical
criteria [12]. CGVHD was defined as limited or exten-
sive. De novo cGVHD was defined as cGVHD occur-
ring without previous aGVHD. The endpoints were
stratified by EBV serostatus of donor (D−, D+), recipi-
ent (R−, R+) and combined recipient/donor serostatus
(R−/D−, R−/D+, R+/D−, and R+/D+).

Data collection and quality assessment

Data were abstracted on pre-specified forms, internal validity
and the potential risk of bias of the included studies (according
to the Cochrane Collaboration guidelines; bias for non-RCT
studies) were appraised and independently double-checked by
an investigator not involved in any of the retrieved studiesT
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(MK); divergences were resolved by discussion with a second
and third investigator (JS, LG).[10]

Statistical analysis

Risk ratios (RRs) and 95% confidence intervals (CIs) were used
as summary statistics. Data were presented either as event-RR
(for negative outcomes, such as NRM, RI) or non-event-RR (for
positive outcomes, such as survival). Heterogeneity was assessed
by the Cochran’s Q test [13]. Statistical heterogeneity was sum-
marized by the I2 statistic, which quantifies the percent of varia-
tion in study results that is due to heterogeneity rather than to
chance [14]. Pooled RRs were calculated using fixed–effects
model. A random model was additionally performed as a sensi-
tivity analysis [15]. The statistical level of significance for the
summary treatment effect estimate was a 2-tailed p value <0.05.
Review Manager, version 5.1 (The Nordic Cochrane Centre,
Copenhagen, Denmark) was used for statistical computations.

Results

Study selection

The PRISMA flow chart describing the publication screening
process and the search strategy is depicted in Fig 1. A total of
1205 results from inquiries were identified. Additional 10 re-
cords were identified through other sources. Of the 748 po-
tentially relevant articles, 740 were excluded based on title/
abstract content; 5 studies were excluded due to unmet inclu-
sion criteria. Three studies with 26,650 patients were included
in the meta-analysis. Patients’ baseline characteristics are pre-
sented in Table 1 and the bias assessment of the included
studies are listed in Table 2.

Epidemiology of EBV seropositivity

Out of 26,650 pairs of donors and recipients, the rate of EBV
seropositivity among transplant recipients and healthy donors
was 86.6% and 83.6%, respectively, what makes the rate of

85.1% EBV seropositivity in a population of 53,300 partici-
pants.With respect to specific subgroups: 77.1%were R+/D+,
9.4%were R+/D−, 6.5%were R−/D+, and 7.0%were R−/D−.

Acute graft-versus-host disease

A statistically significant effect of donor but not recipient (R+ vs.
R− risk ratio [RR], 0.99; 95% confidence interval [CI], 0.92–
1.07, p = 0.79) EBV serostatus on the prevalence of aGVHD
was observed (Fig. 2). In the D+ serostatus arm, 6839 of 22,272
patients (30.71%) developed aGVHD compared with 1233 of
4378 (28.16%) D− patients (RR, 1.05; 95% CI, 1.00–1.11; p =
0.04; heterogeneity p = 0.91; I2 = 0%), which resulted in a
statistically significant increase of aGVHD in both seronegative
recipients (R−/D+ 32.37% (558 of 1724) vs. R−/D− 26.74%
(496 of 1855); RR, 1.19; 95% CI, 1.08–1.32; p = 0.0006; het-
erogeneity p = 0.93; I2 = 0%), and seropositive recipients (R+/
D+ 30.56% (6283 of 20,557) vs. R−/D− 26.74% (496 of 1855);
RR, 1.09; 95% CI, 1.01–1.18; p = 0.02; heterogeneity p = 0.98;
I2 = 0%). The significance of the estimates was not altered when
random model was applied (Table 3).

Chronic graft-versus-host disease

The cGVHD incidence was significantly higher with both
donor and recipient EBV-positive serostatus (Fig. 3). In the
D+ serostatus arm, 9623 of 22,272 patients (43.21%) devel-
oped cGVHD compared with 1524 of 4378 (34.81%) D−
patients (RR, 1.17; 95% CI, 1.12–1.22; p < 0.0001; heteroge-
neity p < 0.0001; I2 = 92%). The rate of cGVHD increased
significantly with R+ patients (44.91% or 6035 of 13,438) vs.
R− patients (36.63% or 677 of 1848) (RR, 1.12; 95% CI,
1.05–1.19; p = 0.0005; heterogeneity p = 0.12; I2 = 59%). In
all combined subgroups, the donor and/or recipient positive
EBV serostatus was associated with a significantly increased
prevalence of cGVHD (R−/D+ vs. R−/D− RR, 1.10; 95% CI,
1.00–1.20; p = 0.04; R+/D− vs. R-/D− RR, 1.10; 95% CI,
1.01–1.20; p = 0.02), with the highest 1.27-fold magnitude
of increase, when both donor and recipient were EBV-
positive and were compared with EBV R−/D− transplants

Table 2 Bias assessment of the
included studies Styczynski

et al. 2016
Styczynski
et al. 2019

Styczynski
et al. 2020

Bias due to confounding Low Low Low

Bias in selection of participants into the study High High High

Bias in classification of interventions Low Low Low

Bias due to deviations from intended
intervention

Low Low Low

Bias due to missing data Low Low Low

Bias in measurement of outcomes Low Low Low

Bias in selection of the reported result Low Low Low

767Ann Hematol (2021) 100:763–777



(R+/D+ 43.74% (8991 of 20,557) vs. R−/D− 31.70% (588 of
1855); RR, 1.27; 95%CI, 1.19–1.36; p < 0.0001; heterogeneity
p = 0.03; I2 = 71%). When random model was applied, the
increase of cGVHD did not reach statistical significance when
R+ vs. R− (RR, 1.07; 95% CI, 0.91–1.26) and R+/D- vs. R−/D−
(RR, 1.09; 95% CI, 0.95–1.24) were compared (Table 3).

de novo cGVHD

The de novo cGVHD significantly increased with both donor
and recipient EBV-positive serostatus (Fig. 4). In the D+

serostatus arm, 5872 of 22,272 patients (26.36%) developed de
novo cGVHD compared with 957 of 4378 (21.86%) D− patients
(RR, 1.14; 95% CI, 1.07–1.21; p < 0.0001; heterogeneity p =
0.02; I2 = 75%). The rate of de novo cGVHD increased signif-
icantly with R+ patients (27.88% or 3746 of 13,438) vs. R−
patients (21.92% or 405 of 1848) (RR, 1.17; 95% CI, 1.07–
1.28; p = 0.0007; heterogeneity p = 0.01; I2 = 83%). In all
combined donors’ or recipients’ subgroups a significantly in-
creased prevalence of de novo cGVHDwas observed only when
both donor and recipient were EBV-positive and were compared
with EBV R-/D- transplants (R+/D+ 26.81% (5511 of 20,557)

Fig. 2 Individual and summary risk ratios with 95%CIs for the outcome of aGVHD in patients undergoing allogeneic hematopoietic cell transplantation
stratified by donor and recipient EBV serostatus
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vs. R−/D− 20.11% (373 of 1855); RR, 1.24; 95%CI, 1.13–1.36;
p < 0.0001; heterogeneity p = 0.17; I2 = 43%). When random
model was applied, the increase of de novo cGVHD did not
reach statistical significance when R+ vs. R− (RR, 1.05; 95%
CI, 0.75–1.47) and R+/D- vs. R−/D− (RR, 1.03; 95% CI, 0.78–
1.36) were compared (Table 3).

Non-relapse mortality

The recipient positive EBV serostatus (21.00% or 2822 of
13,438) was associated with a numerical NRM increase com-
pared with R- patients (17.37% or 321 of 1848) (RR, 1.11;
95% CI, 1.00–1.23; p = 0.05; heterogeneity p = 0.04; I2 =
76%) (Fig. 5).

Overall survival

The EBV serostatus of recipients, but not donors (D+ vs. D−
RR, 1.01; 95% CI, 0.97–1.05, p = 0.68), significantly influ-
enced the OS (Fig. 6). In the R+ serostatus arm, 8457 of
13,438 patients (62.93%) survived compared with 1299
of 1848 (70.29%) R- patients (RR, 1.14; 95% CI, 1.06–
1.22; p = 0.0005; heterogeneity p = 0.42; I2 = 0%),
which resulted in a statistically significant decrease of

survival of seropositive recipients when compared with
seronegative recipients, regardless of donors’ serostatus
(R+/D− 61.81% (1554 of 2514) vs. R−/D− 66.04%
(1225 of 1855); RR, 1.11; 95% CI, 1.02–1.20; p =
0.01; heterogeneity p = 0.006; I2 = 81% and R+/D+
61.60% (12,663 of 20,557) vs. R−/D− 66.04% (1225
of 1855); RR, 1.08; 95% CI, 1.01–1.15; p = 0.03; het-
erogeneity p = 0.03; I2 = 73%). The survival did not
differ significantly in the R−/D+ vs. R−/D− group (RR,
1.05; 95% CI, 0.96–1.15; p = 0.28; heterogeneity p =
0.49; I2 = 0%). When random model was applied, the
decrease of OS did not reach statistical significance
when R+/D− vs. R−/D− (RR, 1.15; 95% CI, 0.92–
1.44) and R+/D+ vs. R−/D− (RR, 1.11; 95% CI,
0.95–1.30) were compared (Table 3).

Relapse-free survival

A statistically significant effect of recipient but not donor (D+
vs. D− RR, 1.01; 95% CI, 0.97–1.04, p = 0.78) EBV
serostatus on the RFS was observed (Fig. 7). In the R+
serostatus arm, 7494 of 13,438 patients (55.77%) survived
without relapse compared with 1189 of 1848 (64.34%) R−
patients (RR, 1.11; 95% CI, 1.05–1.18; p = 0.0007;

Table 3 Comparison of results of fixed and random models of meta-analysis

D+ vs. D− R+ vs. R− R−/D+ vs. R−/D− R+/D− vs. R−/D− R+/D+ vs. R−/D−

aGVHD Fixed RR 1.05 [1.00–1.11] 0.99 [0.92–1.07] 1.19 [1.08–1.32] 1.08 [0.98–1.19] 1.09 [1.01–1.18]

Random RR 1.05 [1.00–1.11] 0.99 [0.92–1.07] 1.19 [1.08–1.32] 1.08 [0.98–1.19] 1.09 [1.01–1.18]

I2 0% 0% 0% 0% 0%

cGVHD Fixed RR 1.17 [1.12–1.22] 1.12 [1.05–1.19] 1.10 [1.00–1.20] 1.10 [1.01–1.20] 1.27 [1.19–1.36]

Random RR 1.18 [0.99–1.40] 1.07 [0.91–1.26] 1.10 [1.00–1.20] 1.09 [0.95–1.24] 1.24 [1.07–1.43]

I2 92% 59% 0% 49% 71%

de novo cGVHD Fixed RR 1.14 [1.07–1.21] 1.17 [1.07–1.28] 1.00 [0.87–1.13] 1.09 [0.97–1.23] 1.24 [1.13–1.36]

Random RR 1.14 [0.99–1.31] 1.05 [0.75–1.47] 1.00 [0.88–1.14] 1.03 [0.78–1.36] 1.21 [1.06–1.39]

I2 75% 85% 0% 77% 43%

NRM Fixed RR 1.03 [0.97–1.11] 1.11 [1.00–1.23] 1.01 [0.88–1.16] 1.03 [0.91–1.17] 1.06 [0.95–1.17]

Random RR 1.03 [0.96–1.11] 1.25 [0.85–1.83] 1.02 [0.84–1.24] 1.09 [0.82–1.46] 1.13 [0.89–1.43]

I2 9% 76% 36% 73% 74%

OS Fixed RR 1.01 [0.97–1.05] 1.14 [1.06–1.22] 1.05 [0.96–1.15] 1.11 [1.02–1.20] 1.08 [1.01–1.15]

Random RR 1.01 [0.97–1.05] 1.13 [1.05–1.22] 1.05 [0.96–1.14] 1.15 [0.92–1.44] 1.11 [0.95–1.30]

I2 0% 0% 0% 81% 73%

RFS Fixed RR 1.01 [0.97–1.04] 1.11 [1.05–1.18] 1.04 [0.96-1.12] 1.11 [1.03–1.19] 1.07 [1.01–1.13]

Random RR 1.00 [0.97–1.04] 1.11 [1.05–1.18] 1.04 [0.96–1.12] 1.12 [0.96–1.30] 1.08 [0.98–1.20]

I2 0% 0% 0% 68% 54%

RI Fixed RR 0.98 [0.93–1.04] 1.11 [1.01–1.23] 1.06 [0.93–1.19] 1.18 [1.06–1.32] 1.08 [0.99–1.19]

Random RR 0.98 [0.93–1.04] 0.89 [0.50–1.59] 1.06 [0.94–1.19] 1.18 [1.01–1.37] 1.05 [0.88–1.26]

I2 0% 84% 0% 33% 61%

aGVHD, acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; D, donor; NRM, non-relapse mortality; OS, overall survival; R,
recipient; RFS, relapse-free survival; RI, relapse incidence; RR, risk ratio
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heterogeneity p = 0.75; I2 = 0%), which resulted in a statisti-
cally significant decrease of RFS of seropositive recipients
when compared with seronegative recipients, regardless of
donor serostatus (R+/D− 55.13% (1386 of 2514) vs. R−/D−
60.38% (1120 of 1855); RR, 1.11; 95% CI, 1.03–1.19; p =
0.004; heterogeneity p = 0.04; I2 = 68% and R+/D+ 54.70%
(11,245 of 20,557) vs. R−/D− 60.38% (1120 of 1855); RR,
1.07; 95% CI, 1.01–1.13; p = 0.02; heterogeneity p = 0.11; I2

= 54%). The survival did not differ significantly in the R−/D+
vs. R−/D− group (RR, 1.04; 95% CI, 0.96–1.12; p = 0.32;
heterogeneity p = 0.68; I2 = 0%). When random model was

applied, the decrease of RFS did not reach statistical signifi-
cance when R+/D− vs. R−/D− (RR, 1.12; 95% CI, 0.96–1.30)
and R+/D+ vs. R−/D− (RR, 1.08; 95% CI, 0.98–1.20) were
compared (Table 3).

Relapse incidence

The EBV serostatus of recipients, but not donors (D+ vs. D−
RR, 0.98; 95%CI, 0.93–1.04, p = 0.51), significantly influenced
the RI rate (Fig. 8). In the R+ serostatus arm, 3122 of 13,438
patients (23.23%) relapsed compared with 338 of 1848

Fig. 3 Individual and summary risk ratios with 95%CIs for the outcome of cGVHD in patients undergoing allogeneic hematopoietic cell transplantation
stratified by donor and recipient EBV serostatus
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(18.29%) R− patients (RR, 1.11; 95% CI, 1.01–1.23; p = 0.03;
heterogeneity p = 0.01; I2 = 84%), which resulted in an increase
of RI of seropositive recipients when compared with seronega-
tive recipients, regardless of donor serostatus (statistical-
ly significant with R+/D− 25.86% (650 of 2514) vs. R
−/D− 21.62% (401 of 1855); RR, 1.18; 95% CI, 1.06–
1.32; p = 0.003; heterogeneity p = 0.22; I2 = 33% and
numerical trend with R+/D+ 24.96% (5132 of 20,557)
vs. R−/D− 21.62% (401 of 1855); RR, 1.08; 95% CI,
0.99–1.19; p = 0.07; heterogeneity p = 0.08; I2 = 61%). The
RI did not differ significantly in the R−/D+ vs. R−/D− group

(RR, 1.06; 95% CI, 0.93–1.19; p = 0.38; heterogeneity p =
0.75; I2 = 0%). When random model was applied, the
increase of RI did not reach statistical significance when R+
vs. R− (RR, 0.89; 95% CI, 0.50–1.59) and R+/D+ vs. R-/D-
(RR, 1.05; 95% CI, 0.88-1.26) were compared (Table 3).

Discussion

Our main findings are that in patients undergoing allo-HCT,
positive compared with negative EBV serology is associated

Fig. 4 Individual and summary risk ratios with 95% CIs for the outcome of de novo cGVHD in patients undergoing allogeneic hematopoietic cell
transplantation stratified by donor and recipient EBV serostatus
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with (1) a statistically significant increase in development of
subsequent cGVHD, de novo cGVHD, and aGVHD for both
pretransplant EBV-positive donors and recipients; (2) de-
crease of OS, RFS, and an increase of RI in the cohort of
seropositive recipients, regardless of the donor serostatus;
(3) no significant, but only numerical, effect of recipient
EBV serostatus on NRM.

EBV infects the majority of the population and while it
remains latent in the memory B cells, the immunocompro-
mised post-HSCT state (suppressed T cell lymphocytes
allowing for the proliferation of infected B cells) can trigger

its reactivation and prompt severe complications. The inten-
sive conditioning regimens combined with baseline viral
serostatus of both donor and recipient can therefore affect
the transplant-related morbidity and mortality. The lack of
approved complication-treatment strategies poses a challenge
in the hemato-oncological management. Therefore, more de-
tailed identification of the risk factors and assessing their im-
pact on adverse events can provide an important insight into
management strategies.

In this context, the current study focused on the impact of
donor and recipient EBV seropositivity on transplant

Fig. 5 Individual and summary risk ratios with 95% CIs for the outcome of NRM in patients undergoing allogeneic hematopoietic cell transplantation
stratified by donor and recipient EBV serostatus
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outcomes in patients after allo-HCT. Based on the studies
performed within Infectious Diseases Working Party of
EBMT, we hypothesized the impact of pretransplant donor
and recipient EBV seropositivity on the development of
GVHD. Themeta-analysis of 26,650 patients with hematolog-
ical malignant and non-malignant diseases undergoing alloge-
neic HCT showed an increase of risk of cGVHD by 17% in
donor EBV seropositivity, and 12% in recipient EBV seropos-
itivity. In specific subgroups, the risk of cGVHD was in-
creased by 27% in R+/D+, 10% in R+/D−, and 10% in R
−/D+, when compared to R−/D− transplants. The EBV
serostatus was also a risk factor for development of de novo

chronic GVHD in case of donor seropositivity by 14%, and
recipient seropositivity by 17%. Additionally, the risk of de
novo cGVHD increased by 24% in R+/D+ when compared to
R−/D− transplants, but not in case of R+/D− or R−/D+ trans-
plants. This meta-analysis has provided also an evidence of a
statistically significant 5% increase of risk of aGVHD with
donor but not recipient EBV seropositivity; similarly, an in-
crease of aGVHD was found in EBV R−/D+ transplants by
19%, and in R+/D+ by 9% when compared to R−/D− trans-
plants. These results underline the impact of donor EBV sero-
positivity as a risk factor for development of all types of
GVHD.

Fig. 6 Individual and summary risk ratios with 95% CIs for the outcome of OS in patients undergoing allogeneic hematopoietic cell transplantation
stratified by donor and recipient EBV serostatus
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Another aspect of the performed meta-analysis is a signif-
icant association between recipient, but not donor, EBV serol-
ogy with other transplant outcomes. Pretransplant recipient
EBV seropositivity had adverse impact on outcome decreas-
ing OS by 14% (p = 0.0005) and RFS by 11% (p = 0.0007),
while it increased NRM by 11% (p = 0.05) and RI by 11% (p
= 0.03). In R+/D− subgroup, OS was decreased by 11%, and
RFS was also decreased by 11%, while RI was increased by
18%, with no effect on NRMwhen compared to R−/D− trans-
plants. In R+/D+ subgroup, OS was decreased by 8%, and
RFS was also decreased by 7%; there was a trend towards
increased RI by 8%, with no effect on NRM. While those

results should be interpreted with caution, they strengthen
the rationale behind the immunomodulation, anti-EBV reacti-
vation and prolonged EBV monitoring, which duration and
frequency is tailored individually. The European Conference
on Infections in Leukemia guidelines advise routine EBV pe-
ripheral blood DNA surveillance, with initiation no later than
4 weeks post-HSCT and continuation at least weekly until
reconstitution of cellular immunity to assert for early detection
of a possible viral reactivation, PTLD diagnosis, and other
clinical complications [4]. The peripheral blood EBV-DNA
level is detectable even in healthy seropositive individuals,
which can reflect circulating latently EBV-infected tumor

Fig. 7 Individual and summary risk ratios with 95% CIs for the outcome of RFS in patients undergoing allogeneic hematopoietic cell transplantation
stratified by donor and recipient EBV serostatus
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cells, dying latently infected B-lymphocytes, or virions; thus,
the quantification remains to be of a prominent importance.
Notably, in the light of the current meta-analysis, the baseline
recipient EBV serostatus (positive/negative) can be also an
indicator of long-term adverse clinical outcomes and identify
patients at the higher risk of long-term clinical events.

No other data are currently available on the role of EBV on
transplant outcomes. Some data exist on other herpesviruses,
which are known to contribute to transplant outcomes [16–18].
CMV seropositivity adversely influences overall survival [19,
20], and CMV serostatus mismatch between recipient and

donor decreases overall survival in unelated-donor transplants
[16]. Also, post-transplant CMV reactivation decreases survival
[21]. CMV serology has been assessed as potential trigger of
acute graft-versus host disease (aGVHD); however, in general,
study results have been conflicted [22–24]. CMV reactivation
was neither associated with subsequent development of
aGVHD [21]. In contrast, the meta-analysis of the studies on
the role of HHV-6B has demonstrated a strong statistical asso-
ciation with subsequent aGVHD [25, 26].

Our study holds several limitations and its findings should
be interpreted with caution. The results of this meta-analysis

Fig. 8 Individual and summary risk ratios with 95% CIs for the outcome of RI in patients undergoing hematopoietic allogeneic cell transplantation
stratified by donor and recipient EBV serostatus
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were derived from study-level data and not from patient-level
data, a limitation typical for this type of analysis. The results
were associated with an increased heterogeneity, which might
reflect a limited number of studies fulfilling the inclusion
criteria. The currently available studies evaluating the EBV
serostatus on allo-HCT post-transplant outcomes are still in-
adequate to draw definite conclusions; however, by the means
of meta-analysis, we were able to derive promising estimates
that can prompt the direction of further studies. We
primarily used fixed model of meta-analysis, as the choice
between a fixed-effect and a random-effects meta-analysis
should not be made on the basis of a statistical test for hetero-
geneity only [10], but the results were also analyzed for com-
prehensiveness by a more conservative randommodel, which,
due to the limited number of studies, awarded relatively more
weight to the smaller study than it received in a fixed-effect
meta-analysis. Due to the limited number of studies available
additional sensitivity analyses, accounting for a potential con-
founders, could not be performed. The number of EBV
serostatus R−/D− patients was small; however, it reflected
its epidemiological prevalence in the general population.

In summary, in performed meta-analyses donor and recip-
ient EBV seropositivity was found to have a significant impact
on transplant outcomes in patients after allogeneic hematopoi-
etic cell transplantation. More data, however, are required to
provide definite conclusions on the effect of EBV seropositiv-
ity and the risk of mortality and relapse incidence.
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