LETTER TO THE EDITOR

Donor cytomegalovirus serology impacts overall survival

in children receiving first unrelated hematopoietic stem

cell transplant for acute leukemia: European Society of

Bone Marrow Transplantation Pediatric Diseases Working

Party Study

Despite the universal implementation of DNA-based screen-
ing and pre-emptive antiviral treatment, cytomegalovirus
(CMV) infection remains a significant risk factor for mor-
bidity and mortality in allogeneic hematopoietic stem cell
transplantation (HSCT).-® Patient CMV seropositivity prior to
HSCT has consistently been associated with increased risk
of CMV reactivation and CMV disease.?® Of note, overall sur-
vival (OS) remains inferior in CMV seropositive recipients (R+)
irrespective of CMV disease,"® suggesting that CMV mediates
its detrimental impact not only via direct cytopathic effects
but also through indirect effects related to viral replication
and use of antiviral therapy on number and functionality
of hematopoietic and immune cells. Previously published
adult-focused registry analyses have shown that impact of
patient’s CMV serostatus on outcome may be mitigated by
selecting donors displaying “compatible” CMV serostatus
with selecting negative donors for negative patients providing
more pronounced benefit!® Based on paucity of such data
in the setting of pediatric HSCT for acute leukemia (AL), the
most frequent transplantation indication for children, we
investigated the impact of CMV serostatus of donors and
recipients in a large pediatric HSCT cohort homogeneously
treated in the contemporary era and reported to the EBMT.
This is a retrospective study of pseudonymized clinical da-
ta reported to the European Society for Blood and Marrow
Transplantation (EBMT) registry. The study was approved by
the Pediatric Diseases Working Party (PDWP) of the EBMT
institutional review board and conducted in accordance with
the Declaration of Helsinki. Children (age <18 years) with acute
myeloid (AML) or lymphoblastic leukemia (ALL) receiving the
first allogeneic HSCT between 2005 and 2021 were included.
All patients received a bone marrow (BM) or peripheral blood
(PB) transplant from an HLA-matched unrelated donor (10/10
at loci A, B, C, DRB1 and DQB1 in high resolution) uniformly.
Transplant procedures using in vivo T-cell depletion (ATG or
alemtuzumab) were included. Cord-blood transplantation,
transplant procedures involving ex vivo T-cell depletion or
PTCy were excluded. The primary objective was to assess
the impact of donor CMV serology on OS in pediatric HSCT
recipients with AML or ALL. The secondary objectives were
the comparison of leukemia-free survival (LFS), non-relapse
mortality (NRM), relapse incidence (RI), incidence of both

acute graft-versus-host disease (aGvHD) and chronic GvHD
(cGvHD), and GvHD-free/relapse-free survival (GRFS) between
the seropositive (D+) and seronegative (D-) donor groups.
Based on prior identification of substantial interaction be-
tween donor and recipient CMV serology in adult studies,
all analyses were performed in two separate cohorts: CMV
seropositive (R+) and CMV seronegative (R-) pediatric HSCT
recipients. Quantitative variables were described as medi-
an, interquartile range (IQR [quartiles 1 and 3]), minimum,
and maximum. Differences between quantitative variables
and donor CMV seropositivity were tested using Wilcoxon
tests. Qualitative variables are described as numbers and
percentages. Differences between qualitative variables and
donor CMV seropositivity were tested using x? tests or exact
Fisher tests. OS, LFS, and GRFS were estimated using the Ka-
plan-Meier estimator. Variables with competing events were
estimated using the cumulative incidence function. Median
follow-up was estimated using the reverse Kaplan-Meier
estimator. The impact of donor CMV serology was estimated
and tested using Cox models. Adjusting factors, which were
selected according to their potential impact on survival,
were source of cells (BM or PB), indicator of female donor
to male recipient, Disease Risk Index (DRI) as two categories
(low/intermediate vs. high/very high) [vhigh], use of total
body irradiation (TBI), patient age at transplant, donor age at
transplant, and year of transplant. The DRI was calculated
as defined by Armand et al.° and using for the AML the cy-
togenetic classification of the European Leukemia Net 2017°
The center effect was considered frailty. Punctual estimation
of the outcomes and hazard ratio (HR) were given with their
95% confidence interval (Cl). Two-sided P values <0.05 were
considered statistically significant. Analyses were performed
using the statistical R software version 4.0.2.

In total, 1,640 AL patients (R+: 909; R-: 731) with a median
age of 8.9 years (IQR, 0.3-18 years) were analyzed. Patient,
disease and transplant characteristics and transplant out-
comes are summarized in Online Supplementary Tables S1
and S2, respectively.

In R+ patients, those receiving HSCT from a seropositive do-
nor (R+/D+) had a significantly better OS (2-year OS: 79% vs.
69%, HR=0.66; P=0.002) (Figure 1A), better LFS (2-year LFS:
70% vs. 63%, HR=0.75; P=0.01) and lower NRM (2-year 7% vs.
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13%, HR=0.52; P=0.004) compared to children transplanted
from a seronegative donor (R+/D-) in Cox multivariable anal-
yses. Donor CMV serology showed no significant association
with RI, aGvHD, cGvHD or GRFS. Use of TBI (HR=0.70; P=0.01)
and HSCT in more recent years (HR=0.79; P=0.01) correlated
significantly with improved OS, whereas high/vhigh DRI was
associated with worse OS (HR=1.57; P<0.001) (Table 1).

In contrast, in R- patients, donor CMV serology had no sig-

nificant association with OS (Figure 1B) (2-year OS: 79% vs.
76%, HR=113; P=0.47), LFS (2-year LFS: 70% vs. 65%, HR=115;
P=0.35), Rl (2-year LFS: 24% vs. 24%, HR=1.04; P=0.82) or
NRM (2-year NRM: 7% vs. 11%, HR=1.53; P=014) in D- and D+,
respectively in Cox multivariable analysis. The only factor
independently associated with OS was increasing patient
age (HR=117; P<0.001) (Table 1).

In total, 237 of 909 patients in R+ group and 181 of 731 pa-

Table 1. Association of donor cytomegalovirus serology with transplant outcomes in multivariable Cox regression analysis.

os LFS NRM RI aGVHD II-1V cGVHD GRFS
Parameter HR(95% CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR (95% Cl)
P P P P P P P

CMV seropositive patients

Donor CMV: 0.66 (0.51-0.86) 0.75 (0.59-0.94) 0.52 (0.34-0.81) 0.86 (0.66-1.13) 0.97 (0.61-1.56) 1.06 (0.72-1.56) 0.83 (0.68-1.03)
- VS + 0.002 0.01 0.004 0.28 0.68 0.76 0.09
Source of cells:  1.20 (0.90-1.58) 1.27 (0.99-1.61) 1.40 (0.88-2.23) 1.22 (0.92-1.60) 1.43 (1.07-1.91) 1.18 (0.75-1.84 1.39 (1.10-1.76)
BM vs. PB 0.21 0.051 0.15 0.16 0.02 0.48) 0.006
Female to male: 0.73 (0.52-1.03) 0.75 (0.56-1.01) 1.21 (0.73-2.00) 0.60 (0.41-1.87) 1.32 (0.99-1.75) 1.22 (0.78-1.90) 1.16 (0.90-1.50)
no vs. yes 0.07 0.06 0.46 0.008 0.06 0.38 0.24
DRI: low/int vs.  1.57 (1.20-2.06) 1.60 (1.26-2.02) 1.12 (0.72-1.73) 1.84 (1.39-2.44) 1.09 (0.85-1.40) 0.97 (0.66-1.44) 1.39 (1.13-1.72)
high/vhigh <0.001 <0.001 0.63 <0.001 0.5 0.9 0.002
TBI: 0.70 (0.52-0.92) 0.71 (0.55-0.91) 0.67 (0.42-1.06) 0.73 (0.55-0.99) 1.30 (0.99-1.69) 0.76 (0.51-1.15) 0.69 (0.55-0.86)
no vs. yes 0.01 0.007 0.09 0.04 0.06 0.19 <0.001
Age at HSCT:  1.05 (0.97-1.14) 0.97 (0.91-1.04) 1.18 (1.03-1.34) 0.89 (0.82-0.97) 0.93 (0.86-1.01) 1.17 (1.04-1.32) 1.00 (0.94-1.06
inc. 3 years 0.20 0.41 0.01 0.01 0.08 0.01 0.97)

Donor age at

0.96 (0.92-1.01)

0.96 (0.92-1.01)

1.00 (0.92-1.08)

0.95 (0.90-0.99)

1.03 (0.99-1.08)

1.00 (0.93-1.08)

0.98 (0.95-1.02)

HSCT.inc. 3 0.13 0.09 0.91 0.048 0.15 0.92 0.42
years

Year of HSCT:  0.79 (0.65-0.95) 0.89 (0.75-1.05) 0.88 (0.64-1.21) 0.88 (0.72-1.07) 0.99 (0.82-1.20) 0.98 (0.74-1.31) 0.86 (0.74-1.01)
inc. 5 years 0.01 0.16 0.44 0.19 0.95 0.9 0.06

CMV seronegative patients

Donor CMV: 1.13 (0.81-1.56) 1.15 (0.86-1.52) 1.53 (0.87-2.69) 1.04 (0.75-1.45) 1.20 (0.88-1.65) 0.82 (0.48-1.42) 1.27 (0.99-1.63)
- Vs, + 0.47 0.35 0.14 0.82 0.25 0.48 0.06
Source of cells:  1.05 (0.76-1.44) 0.99 (0.74-1.31) 0.71 (0.38-1.31) 1.09 (0.79-1.50) 1.43 (1.02-1.99) 1.53 (0.91-2.58) 1.04 (0.81-1.34)
BM vs. PB 0.78 0.93 0.27 0.62 0.04 0.11 0.75
Female to male: 0.74 (0.49-1.13) 0.75 (0.52-1.07) 0.76 (0.35-1.63) 0.75 (0.50-1.13) 1.02 (0.68-1.51) 1.23 (0.70-2.19) 0.78 (0.57-1.08)
no vs. yes 0.16 0.11 0.48 0.17 0.94 0.47 0.14
DRI: low/int vs.  1.11 (0.83-1.50) 1.39 (1.07-1.81) 1.04 (0.61-1.78) 1.53 (1.13-2.06) 0.88 (0.66-1.18) 0.71 (0.45-1.14) 1.32 (1.04-1.66)
high/vhigh 0.48 0.01 0.88 0.006 0.39 0.16 0.02
TBI: 0.74 (0.55-1.01) 0.80 (0.62-1.04) 1.06 (0.61-1.85) 0.73 (0.54-0.98) 1.68 (1.24-2.28) 0.85 (0.52-1.38) 0.92 (0.73-1.16)
no vs. yes 0.05 0.09 0.82 0.04 <0.001 0.5 0.46
Age at HSCT:  1.17 (1.07-1.28) 1.10 (1.02-1.19) 1.35 (1.14-1.61) 1.04 (0.95-1.13) 0.95 (0.86-1.03) 1.21 (1.05-1.41) 1.08 (1.01-1.16)
inc. 3 years <0.001 0.01 <0.001 0.39 0.21 0.01 0.02

Donor age at

1.04 (0.98-1.09)

1.02 (0.97-1.07)

1.10 (1.01-1.20)

1.00 (0.94-1.05)

1.07 (1.01-1.12)

1.07 (0.99-1.16)

1.03 (0.99-1.07)

HSCT: inc. 3 0.19 0.38 0.04 0.89 0.01 0.07 0.14
years

Year of HSCT:  0.94 (0.77-1.15) 1.01 (0.85-1.20) 0.91 (0.67-1.40) 1.01 (0.83-1.24) 0.88 (0.73-1.06) 0.92 (0.68-1.25) 0.81 (0.70-0.94)
inc. 5 years 0.55 0.94 0.87 0.9 0.19 0.6 0.006

CMV: cytomegalovirus; OS: overall survival; LFS: leukemia-free survival; Rl: relapse incidence; NRM: non-relapse mortality; GRFS: graft-versus-
host disease-free relapse-free survival; aGvHD: acute graft-versus-host disease; cGvHD: chronic GCVD; HR: hazard ratio; Cl: confidence in-
terval; DRI: disease risk index; TBI: total body irradiation; inc: increments; HSCT: hematopoietic stem cell transplantation; BM: bone marrow;
PB: peripheral blood; low/int: low/intermediate; high/vhigh: high/very high.
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Figure 1. Overall survival in relation to patient and donor cytomegalovirus serology. (A) Kaplan-Meier estimates of overall survial
(0S) in seropositive recipient (R+) patients undergoing matched unrelated hematopoietic stem cell transplantation (HSCT) from
a seronegative (D- in red) versus seropositive (D+ in black) donors. (B) Kaplan-Meier estimates of OS in seronegative recipient
(R-) patients undergoing matched unrelated HSCT from a seronegative (D+ in red) versus seropositive (D- in black) donors. Shown
are adjusted hazard ratios (HR) with 95 % confidence intervals in round brackets.

tients in R- group died (Online Supplementary Table S3).
Relapse was the main cause of death in all serology cate-
gories followed by infections.

Multivariable Cox analysis revealed that several other
patient, disease and transplant characteristics besides
CMV serology proved significant association with LFS,
NRM and RI: for R+ patients LFS was lower for patients
with high/vhigh DRI (HR=1.60; P<0.001) and higher with TBI
use (HR=0.71; P=0.007). NRM was higher in older patients
(HR=118; P=0.01). Rl was lower for patients with female
to male donor (HR=0.60; P=0.008), conditioning with TBI
(HR=0.73; P=0.04), increasing patient (HR=0.89; P=0.01)
and donor age (HR=0.95; P=0.048), but higher for patients
with high/vhigh DRI (HR=1.84; P<0.001). For R- patients,
LFS was lower for patients with high/vhigh DRI (HR=1.39;
P=0.01) and older patients (HR=110; P=0.01). Increasing
age of the patient and donor was associated with higher
NRM (HR=1.35; P<0.001 and HR=1.10; P=0.04). Rl was lower
for patients with TBI conditioning (HR=0.73; P=0.040) but
higher for patients with high/vhigh DRI (HR=1.53, P=0.0086).
The effect of TBI on transplant outcomes were thought to
be related to the ALL patients as only 30 AML received TBI.

Thus, multivariable Cox analysis validates well known risk
factors for LFS, NRM, and RI in this cohort.

In this largest pediatric-only registry study performed to
date, a CMV D+ for a CMV R+ was independently associat-
ed with significantly better OS (HR=0.66; P=0.002), better
LFS (HR= 0.75; P=0.01) and lower NRM (HR=0.52; P=0.004)
compared with a CMV D- in 10/10 MUD HSCT. However, no
such effect was found in CMV R- patients. To date, some
studies including predominantly adults have revealed that
CMV serostatus of the donor had no influence on outcome?®
while others reported an advantage of D+ for a R+ patient
with better OS and lower TRM® and decreased OS in D+/R-
transplants! In contrast, our analysis from a large contem-
porary and purely pediatric cohort comprising more than
1,600 children undergoing allogeneic HSCT for AL shows
that even in the current era of DNA-based CMV screening
and pre-emptive antiviral therapy selecting a CMV D+ ver-
sus CMV D- for a CMV-R+ patient is associated with 34%
reduced risk for overall death and 48% lower risk for NRM
in adjusted analyses.

While our registry-based analysis represents the largest pe-
diatric study to date on the impact of donor CMV serology
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on HSCT outcome, it is important to acknowledge inherent
limitations. These possibly include occasional discrepancies
in the reported CMV serostatus data, the lack of detailed
data on CMV reactivation, disease, and treatment, including
prophylactic use of letermovir in recent years, as well as
other infectious complications. This renders any mechanis-
tic explanation of the effect of CMV donor serostatus on
outcome speculative" In addition, cautious interpretation of
patient CMV serology results, considering both potential false
positives (e.g., adoptive transfer) and negatives (e.g., loss of
antibodies during pre-transplant treatment), is mandatory?®
Our findings may significantly influence clinical practice re-
garding donor selection strategies, particularly when multiple
10/10 HLA-MUD are available. As donor CMV serology had
no obvious association with outcome in CMV seronegative
children, our study implicates that choosing a D+ might be
a wise approach in cases of ambiguous recipient CMV se-
rostatus. Within the well-appreciated limits of cross-study
comparisons it is notable that the relative overall mortality
risks of CMV mismatching in R+ patients in our study rang-
es in the same order of magnitude as the negative impact
of seven of eight versus eight of eight HLA matching and
exceeds that of donor age (in 10-year increments) in the
recent CIBMTR analysis.®

Authors

Elif Ince} Jaques-Emmanuel Galimard,? Marianne Ifversen,® Arnaud
Dalissier,* Zofia Szmit,> Oana Mirci-Danicar,® Franco Locatelli,” Petr
Sedlacek,® Jan Styczynski,® Jean-Hugues Dalle,° Cecile Renard/!
Adriana Balduzzi? Arjan Lankester,® Marc Bierings,* Franca Fagioli,”®
Katrine Kielsen,® Fanny Rialland;® Jochen Blchner,” Mervi Taskinen,®
Robert Wynn,® Charlotte Jubert,?° Gérard Michel,> Herbert Pichler,??
Gergely Krivan,?® Simone Cesaro,* Selim Corbacioglu,?® Roland

Meisel?®* and Krzysztof Kalwak®5#

'Ankara University Faculty of Medicine, Department of Pediatric
Hematology and BMT Unit, Ankara, Turkiye; 2EBMT Statistical Unit,
Sorbonne University, Saint- Antoine Hospital, AP-HP, INSERM UMRs
938, Paris, France; *Copenhagen University Hospital Rigshospitalet,
Department of Pediatric and Adolescent Medicine, Copenhagen,
Denmark; *EBMT Paris Study Unit, Sorbonne University, Saint-
Antoine Hospital, AP-HP, INSERM UMRs 938, Paris, France;
*Department of Pediatric Hematology/Oncology and BMT Wroclaw
Medical University, Wroclaw, Poland; ¢Bristol Royal Hospital for
Children, Department of Pediatric Oncology/BMT, Bristol, UK;
"Department of Pediatric Hematology and Oncology IRRCS Ospedale
Pediatrico Bambino Gesu, Catholic University of the Sacred Heart,
Rome, Italy; ®University Hospital Motol, Department of Pediatric
Hematology and Oncology, Prague, Czech Republic; *University
Hospital, Collegium Medicum UMK Department of Pediatric
Hematology and Oncology, Bydgoszcz, Poland; Pediatric
Hematology and Immunology Department, Robert Debre Hospital,
GHU APHP Nord-Université Paris Cité, Paris, France; "Institut

d Hematologie et d'Oncologie Pediatrique, Unité de Coordination
Interne et Externe, Lyon, France; “Fondazione IRCCS San Gerardo
dei Tintori, Pediatric Stem Cell Transplant Unit, Monza, Italy;
University of Milano-Bicocca, Department of Medicine and Surgery,
Milano, Italy; ®Willem-Alexander Children’s Hospital, Pediatric Stem
Cell Transplantation Program, Leiden University Hospital, Leiden, the
Netherlands; “Princess Maxima Center/University Hospital for
Children(WKZ), Stem Cell Transplantation, Utrecht, the Netherlands;
BpPediatric Onco-Hematology, Stem Cell Transplantation and Cell
Therapy Division, Regina Margherita Children’s Hospital, University of
Turin, Turin, Italy; ®*Service Onco-Hématologie Pédiatrique, Hopital
Mere-Enfant, Nantes University Hospital, Nantes, France; "Oslo
University Hospital, Rikshospitalet, Clinic for Cancer Medicine,
Hematology Deptartment, Olso, Norway; "®Hospital for Children and
Adolescents, Helsinki University Hospital and Helsinki University,
Helsinki, Finland; *Royal Manchester Children’s Hospital,
Department of Pediatric Hematology, Bone Marrow Unit, Manchester,
UK; 2°CHU Bordeaux Groupe Hospitalier Pellegrin-Enfants, Onco-
Hématologie Pédiatrique, Bordeaux, France; ?Hopital de la Timone,
Département Hématologie Oncologie Pédiatrique, Marseille, France;
22G5t. Anna Kinderspital, Stem Cell Transplantation Unit, Vienna,
Austria; 2Central Hospital of Southern Pest - National Institute of
Hematology and Infectious Diseases, Deptartment of Pediatric
Hematology and Hemopoietic Stem Cell Transplantation, Budapest,
Hungary; *Pediatric Hematology Oncology Unit, Department of
Mother and Child, Azienda Ospedaliera Universitaria Integrata,
Verona, Italy; *Department of Pediatric Hematology, Oncology and
Stem Cell Transplantation, University of Regensburg, Regensburg,
Germany and 2®Division of Pediatric Stem Cell Therapy, Department
of Pediatric Oncology, Hematology and Clinical Immunology, Medical
Faculty, Heinrich-Heine-University, DUsseldorf, Germany

#*RM and KK contributed equally as senior authors.

Correspondence:

E. INCE - elifunal@msn.com

https://doi.org/10.3324/haematol.2024.286082

Received: June 17, 2024.
Accepted: November 19, 2024.
Early view: November 28, 2024.

©2025 Ferrata Storti Foundation
Published under a CC BY-NC license &2

Disclosures

FF is an advisory board member for Takeda, Genzyme Sanofi, Jazz
Pharma, Pfizer, Novartis, Amgen and Clinigen; and funding from
Takeda, Genzyme Sanofi, Jazz Pharma, Pfizer, Novartis, Amgen and
Clinigen. HP received travel grants from Jazz and Neovii. All other
authors have no conflicts of interest to disclose.

Contributions
El, JEG, RM, MI, KK and SC designed the study. JEG and AD collected

Haematologica | 110 April 2025
988



LETTER TO THE EDITOR

and assembled data, performed statistical analysis. El, JEG and RM Data-sharing statement
wrote the manuscript. ZS, OM-D, FL, PS, JS, J-HD, CR, AB, AL, MB, FF,  For original data, please contact the corresponding author.

KK, FR, JB, MT, RFW, CJ, GM, PH and GK provided cases for the study.
All authors reviewed and approved the manuscript.

References

1. Ljungman P, Brand R, Hoek J, et al. Donor cytomegalovirus
status influences the outcome of allogeneic stem cell
transplant: a study by the European group for blood and
marrow transplantation. Clin Infect Dis. 2014;59(4):473-481.

2. Boeckh M, Nichols WG. The impact of cytomegalovirus
serostatus of donor and recipient before hematopoietic stem
cell transplantation in the era of antiviral prophylaxis and
preemptive therapy. Blood. 2004;103(6):2003-2008.

3. Green ML, Leisenring W, Xie H, et al. Cytomegalovirus viral load
and mortality after haemopoietic stem cell transplantation in
the era of pre-emptive therapy: a retrospective cohort study.
Lancet Haematol. 2016;3(3):e119-127.

4. Teira P, Battiwalla M, Ramanathan M, et al. Early
cytomegalovirus reactivation remains associated with increased
transplant-related mortality in the current era: a CIBMTR
analysis. Blood. 2016;127(20):2427-2438.

5. Ljungman P, Brand R, Einsele H, Frassoni F, Niederwiesser D,
Cordonnier C. Donor CMV serologic status and outcome of
CMV-seropositive recipients after unrelated donor stem cell
transplantation: an EBMT megafile analysis. Blood.
2003;102(13):4255-4260.

6. Schmidt-Hieber M, Labopin M, Beelen D, et al. CMV serostatus
still has an important prognostic impact in de novo acute
leukemia patients after allogeneic stem cell transplantation: a
report from the Acute Leukemia Working Party of EBMT. Blood.
2013;122(19):3359-3364.

7. Broers AE, van Der Holt R, van Esser JW, et al. Increased
transplant-related morbidity and mortality in CMV-seropositive

10.

11.

12.

13.

patients despite highly effective prevention of CMV disease
after allogeneic T-cell-depleted stem cell transplantation.
Blood. 2000;95(7):2240-2245.

. Kollman C, Spellman SR, Zhang MJ, et al. The effect of donor

characteristics on survival after unrelated donor transplantation
for hematologic malignancy. Blood. 2016;127(2):260-267.

. Armand P, Kim HT, Zhang MJ, et al. Classifying cytogenetics in

patients with acute myelogenous leukemia in complete
remission undergoing allogeneic transplantation: a Center for
International Blood and Marrow Transplant Research study. Biol
Blood Marrow Transplant. 2012;18(2):280-288.

Dohner H, Estey E, Grimwade D, et al. Diagnosis and
management of AML in adults: 2017 ELN recommendations
from an international expert panel. Blood. 2017;129(4):424-447.
Lugthart G, van Ostaijen-Ten Dam MM, Jol-van der Zijde CM, et
al. Early cytomegalovirus reactivation leaves a specific and
dynamic imprint on the reconstituting T cell compartment
long-term after hematopoietic stem cell transplantation. Biol
Blood Marrow Transplant. 2014;20(5):655-661.

Portillo V, Masouridi-Levrat S, Royston L, et al. Revisiting
cytomegalovirus serology in allogeneic hematopoietic cell
transplant recipients. Clin Infect Dis. 2024;78(2):423-429.
Valle-Arroyo J, Paez-Vega A, Fernandez-Moreno R, et al.
Humoral/cellular immune discordance in stem cell donors:
impact on cytomegalovirus-specific immune reconstitution
after related hematopoietic transplantation. Transplant Cell
Ther. 2022;28(10):703.e1-703.€8.

Haematologica | 110 April 2025

989



