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Herpesvirus 6 ciclovir and valganciclovir, has declined. To determine the incidence of HHV-6B reactiva-
Human tion and assess its impact on post-transplant outcomes, including time to platelet and
Hematopoietic stem cell ~ neutrophil engraftment, lymphocyte recovery, and transplant-related complications. We
transplantation conducted a prospective cohort study of adults who underwent allogeneic HSCT between
Relapse March 1 and December 1, 2022. Plasma HHV-6B DNAemia was monitored serially during

the first 100 days post-transplant, with clinical follow-up for 6 mo and extended follow-up
to 2 yr for mortality and relapse outcomes. In this cohort of 102 patients (49 females [48%];
median age, 58 yr [IQR, 48 to 66]), HHV-6B reactivation occurred in 50 patients (49%), with
a median onset of 28 days post-transplant (IQR, 22 to 31) and a median peak viral load of
684 IU/mL (IQR, 72.7 to 3500). Compared with patients without DNAemia, those with
HHV-6B reactivation had delayed platelet engraftment (26 days [IQR 18 to 34] versus
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19 days [IQR 17 to 26]; P =.025) and longer time to achieve an absolute lymphocyte count
(ALC) >300 x 10%/L (29 days [IQR 25 to 40] versus 26 days [IQR 22 to 32]; P = .04). Persis-
tent HHV-6B DNAemia (n = 21, 20.6%), defined as >1000 IU/mL for two consecutive weeks,
was associated with further delays in platelet (30 days [IQR 19 to 39] versus 19 days [IQR
17 to 26]; P=.01), ALC (33 days [IQR 24 to 42] versus 26 days [IQR 22 to 32]; P < .05), and
neutrophil engraftment (22 days [IQR 19 to 24] versus 20 days [IQR 17 to 22]; P =.05). In
adjusted analysis, HHV-6B DNAemia remained an independent predictor of relapse (aHR,
2.21; 95% CI, 1.00 to 4.85; P =.04). In competing risk analysis, persistent HHV-6B DNAemia
was significantly associated with relapse (8/21 [39.5%; 95% CI, 18.0 to 60.0] versus 9/52
[17.0%; 95% (I, 8.0 to 28.0]; P = .04). HHV-6B reactivation was frequent after allogeneic
HSCT and was associated with delayed hematopoietic recovery and an increased risk of
disease relapse, particularly among patients with persistent DNAemia. These findings high-
light the clinical significance of HHV-6B in post-transplant outcomes and underscore the

need for prospective studies to refine monitoring and management strategies.
© 2026 American Society for Transplantation and Cellular Therapy. Published by Elsevier
Inc. All rights are reserved, including those for text and data mining, Al training, and similar

technologies.

INTRODUCTION

Human herpesvirus 6 (HHV-6), a member of
the Roseolovirus genus within the g-herpesvirus
subfamily, comprises two distinct species: HHV-
6A and HHV-6B. While our knowledge of HHV-6A
is still limited, HHV-6B is highly prevalent, with
almost universal seropositivity observed by early
childhood [1]. After initial infection, HHV-6B
establishes latency in host cells, particularly in
mononuclear cells, and can reactivate under
immunosuppressive conditions, especially follow-
ing allogeneic hematopoietic stem cell transplan-
tation (HSCT) [1-4]. Reactivation often occurs
within the first few weeks after transplantation
and is associated with various clinical complica-
tions, such as encephalitis [5]. Despite its frequent
detection, the clinical significance of HHV-6B
DNAemia remains debated, partly due to a lack of
mechanistic insight into its immunopathogenesis
and challenges in distinguishing pathogenic reac-
tivation from bystander replication.

Recent studies suggest that HHV-6B reactiva-
tion may contribute to impaired immune recovery
by modulating host cytokine responses, disrupt-
ing antigen presentation, and impairing the func-
tion of hematopoietic progenitor cells [6]. These
effects could influence important post-transplant
outcomes such as disease relapse; however, HHV-
6B is not routinely included in prophylactic or
preemptive strategies. In this prospective cohort
study of allogeneic HSCT recipients, we investi-
gated the relationship between HHV-6B DNAemia
and clinically relevant outcomes.

METHODS
This single-center cohort study was conducted at
the Hans Messner Allogeneic Transplant Program at

the Princess Margaret Cancer Centre in Toronto,
Canada, with approval from the University Health
Network Research Ethics Board. Written informed
consent was obtained from all participants. All
patients enrolled were adults (>18 yr) who under-
went allogeneic HSCT between March 1 and Decem-
ber 1, 2022, with follow-up for 2 yr post-transplant.

In this cohort, patients received one of the follow-
ing regimens for graft-versus-host disease (GVHD)
prophylaxis [1]: rabbit antithymocyte globulin
(rATG) in combination with post-transplant cyclo-
phosphamide (PTCy) and cyclosporine (CsA), with
tacrolimus substituted for CsA in one patient [2];
PTCy, CsA, and mycophenolate mofetil (MMF); or [3]
a methotrexate (MTX)-based regimen consisting of
rATG, CsA, and MTX. The rATG dose varied among
regimens, ranging from 2 to 4.5 mg/kg.

Universal antiviral prophylaxis with acyclovir
or valacyclovir was provided for at least 1 yr post-
HSCT, or until immunosuppression was discontin-
ued and T-cell reconstitution was determined to
be adequate. Patients at high risk for cytomegalo-
virus (CMV) reactivation—including CMV-sero-
positive recipients, patients that received rATG
during conditioning, those receiving haploidenti-
cal grafts, individuals with prior CMV disease, and
patients treated with >1 mg/kg/day of prednisone
or other immunosuppressive agents for acute
GVHD, received letermovir prophylaxis starting
from day +21 to day +121 post-transplant [7].

Detection of HHV-6B DNAemia

HHV-6B DNAemia was measured using the
RealStar HHV-6B PCR Kit 1.0 (Altona Diagnostics,
Canada), a quantitative real-time PCR assay. Test-
ing was performed on plasma samples using a val-
idated in-house workflow, with results expressed
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in international units per milliliter (IU/mL). HHV-
6B viral load was measured at intervals of 1 to 3
wk during the first 100 days post-transplant.
Quantification is standardized to WHO reference
material, enabling consistent inter-laboratory
comparison [8,9]. We considered persistent HHV-
6B DNAemia defined as >1000 IU/mL (>3 logs)
for 2 consecutive weeks [10]. All HHV-6B testing
was performed for research purposes only, and
results were not available to the clinical care
teams.

Study Outcomes

The primary outcome was the time interval
between transplantation and platelet engraft-
ment, defined as the first of three consecutive
days with a platelet count >20 x 10°/L (20,000/
wnL) without transfusion support [11]. Secondary
outcomes included the time to neutrophil, lym-
phocyte, and monocyte recovery. Neutrophil
engraftment was defined as the first of three con-
secutive days with an absolute neutrophil count
>500 cells/uL without growth factor support [11].
We also assessed the time from transplantation to
achieving an absolute lymphocyte count (ALC)
>300 x 10%/L and an absolute monocyte count
>300 x 10°%/L in peripheral blood—thresholds
associated with improved overall survival (OS) in
previous studies [12—15].

Within the first 6 mo post-transplant, we eval-
uated clinical complications—including pneumo-
nia of undetermined microbiologic etiology (a
new pulmonary infiltrate with compatible symp-
toms and no identified pathogen, despite standard
diagnostic evaluation such as bronchoscopy when
clinically indicated), as well as diarrhea of unclear
etiology and encephalitis—in relation to HHV-6B
DNAemia. We also compared HHV-6B DNAemia
in patients with and without a composite central
nervous system (CNS) outcome, defined as delir-
ium, seizure, or encephalitis. Encephalitis was
defined as altered mental status lasting >24 h
accompanied by cerebrospinal fluid pleocytosis,
and compatible neuroimaging findings, and delir-
ium as an acute, fluctuating disturbance in atten-
tion and cognition documented by the clinical
team using standard bedside assessments.

Mortality and relapse outcomes were assessed
over a 2-yr follow-up period, comparing relapse
and non-relapse mortality (NRM) between
patients with and without HHV-6B DNAemia.

STATISTICS
Baseline characteristics were analyzed using the
Mann—Whitney U and Chi-square tests. OS was
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estimated with the Kaplan—Meier method and
compared using the log-rank test. NRM, relapse,
and engraftment were evaluated with competing
risk analysis based on the Fine and Gray model.
Cox proportional hazards regression was used for
univariate and multivariate analyses; variables
with P < .10 in univariate testing were entered
into a backward elimination multivariable model.
Since relapse risk is strongly influenced by disease
type and status, we included the Disease Risk Index
(DRI) as a covariate in the limited multivariable
analysis for relapse; this CIBMTR (Center for Inter-
national Blood and Marrow Transplant Research)—
derived index stratifies patients into low, interme-
diate, high, or very high risk groups based on their
underlying hematologic malignancy and disease
status at the time of transplantation [16,17]. For
engraftment outcomes, we used a parsimonious
multivariable Cox proportional hazards model to
reduce overfitting, given the cohort size. The model
included covariates associated with engraftment
based on prior evidence or univariable analyses,
while interaction terms were excluded to limit
complexity and preserve model stability. All tests
were two-sided. Statistical analyses were per-
formed with Statistica 14.1 (TIBCO, Palo Alto, USA)
and EZR 1.61 (Kanda) [18].

RESULTS

A total of 102 patients were included in this
cohort (49 female [48%]; median age 58 yr [IQR 48
to 66] yr). Table 1 presents the characteristics of
the cohort. Overall, 50 patients (49%) developed
HHV-6B reactivation, with a median peak viral
load of 684 IU/mL (IQR, 72.7 to 3500). The maxi-
mum recorded viral load was 223,000 IU/mL. The
median time from transplant to peak DNAemia
was 28 days (IQR 23 to 36; range 11 to 100). One
haploidentical HSCT recipient was identified with
findings suggestive of chromosomally integrated
HHV-6B (ciHHV-6B), including persistently ele-
vated viral loads in blood and detection of HHV-6B
DNA in both bone marrow and buccal mucosa. The
patient’s sibling donor also exhibited consistently
high HHV-6B DNA levels, further supporting a pat-
tern consistent with inherited chromosomal inte-
gration.

HHV-6B DNAemia was observed more fre-
quently among patients receiving GVHD prophy-
laxis with rATG + PTCy + CsA (56.1%) or
PTCy + MMF + CsA (44.0%) compared with those
treated with MTX-based regimens (18.2%); how-
ever, this difference did not reach statistical sig-
nificance (P = .06). The median age was
significantly higher among patients with HHV-6B



615.e4 S.M. Hosseini-Moghaddam et al. / Transplantation and Cellular Therapy 32 (2026) 615.e1-615.e14
Table 1
Patients in the Cohort, with and without HHV-6B DNAemia
Variable Patients in the Cohort HHV-6B DNAemia PValue
N=102 (%) No, nn =52 (50.5) Yes, n =50 (49.5)
Age, median, IQR 58 (49-66) 56 (37-63) 61 (53-68) .014
Female 49 (48) 26 (50) 23 (46) .69
BMI median, IQR 26.2 (22.5-29.6) 26.4(22.7-29.9) 25.9(22.5-29.4) .63
Comorbidities
Diabetes mellitus 11(10.8) 7(13.5) 4(8.0) .53
Chronic kidney disease 3(2.9) 1(1.9) 2(4.0) .61
Chronic lung disease 7(6.9) 3(5.8) 4(8.0) 71
Hypertension 33(32.4) 14 (26.9) 19(38.0) .29
Coronary arterial disease 8(7.8) 5(9.6) 3(6.0) 72
Autoimmune disease 7(6.9) 3(5.8) 3(6.0) 1.0
Donor .03
Related 25(24.5) 16 (30.8) 9(18.0) 17
MUD 55 (53.9) 29 (55.8) 26 (52.0) .84
MM URD 7(6.9) 3(5.8) 4(8.0) 71
Haploidentical 15(14.7) 4(7.7) 11 (22.0) .05
Underlying disease A7
AML 49 (48.0) 25 (48.1) 24 (48)
ALL 12(11.8) 4(7.7) 8(16)
AA 2(2.0) 2(3.8) 0
CML 3(2.9) 2(3.8) 1(2)
CLL 1(1.0) 1(1.9) 0
CMML 7(6.9) 4(7.7) 3(6)
ET 1(1) 0 1(2)
MDS 22 (21.6) 10(19.2) 12 (24)
MF 4(3.9) 3(5.8) 1(2)
MPAL 1(1) 1(1.9) 0
Myeloablative conditioning 41(40.2) 28 (53.8) 13 (26.0) .005
GVHD prophylaxis 66 (64.7) 29 (55.8) 37(74) 11
rATG + PTCy + CsA 11(10.7) 9(17.3) 2(4)
MTX-based regimen 25(24.5) 14 (26.9) 11(22)
PTCy + MMF + CsA
Post-transplant events
Acute GVHD 53 (52.0) 28 (53.8) 25 (50.0) .84
GVHD, grade >2 37 (36.3) 18 (34.6) 19 (38.0) .84
Chronic GVHD 23 (22.5) 10(19.2) 13 (26.0) .63
Moderate-severe cGVHD 14 (13.7) 6(11.5) 8(16.0) 77
Requiring systemic steroid 24 (23.5) 10(19.2) 14 (28.0) A48
Requiring ruxolitinib 3(2.9) 0 3(6.0) 24
SOS/VOD 3(2.9) 2(3.8) 1(2.0) .97
Primary graft failure 1(1) 0 1(2.0) 49
Antiviral therapy
Acyclovir/valacyclovir 102 (100%) 46 (88.5) 46 (92.0) 74
Ganciclovir/valganciclovir 15(14.7) 8(15.4) 7 (14.0) .93
Foscarnet 4(3.9) 1(1.9) 3(6.0) .36

(continued)
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Table 1 (Continued)
Variable Patients in the Cohort HHV-6B DNAemia PValue
N=102 (%) No, nn =52 (50.5) Yes, n =50 (49.5)
DRI: 93
Low 3(3.0) 3(5.8) 0
Intermediate 73 (73.0) 34 (65.4) 39(78.0)
High 20(20.0) 11(21.2) 9(18.0)
Very High 4(4.0) 2(3.8) 2(4.0)

AA indicates aplastic anemia; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BMI, body mass index; CLL,
chronic lymphocytic leukemia; CMML, chronic myelomonocytic leukemia; CML, chronic myelogenous leukemia; CsA, cyclo-
sporine A; DRI, Disease Risk Index; ET, Essential thrombocythemia; GVHD, graft-versus-host disease; MDS, myelodysplastic
syndrome; MPAL, mixed-phenotype acute leukemia; MF, myelofibrosis; MMF, mycophenolate mofetil; MTX, methotrexate;
PTCy, post-transplant cyclophosphamide; rATG, rabbit antithymocyte globulin; SE, standard error; SOS, sinusoidal obstruction

syndrome; Tac, tacrolimus; VOD, veno-occlusive disease.

DNAemia compared with those without (61 yr
[IQR, 53 to 68] versus 56 yr [IQR, 37 to 63];
P = .014). HHV-6B DNAemia was also more fre-
quent among recipients of haploidentical grafts
(22.0% versus 7.7%; P = .05). In a multivariable
model adjusting for age and transplant type, both
age >60 yr (aHR, 2.77; 95% Cl, 1.54 to 4.96; P <
.001) and haploidentical transplantation (aHR,
2.69; 95% (I, 1.34 to 5.38; P =.005) remained inde-
pendently associated with HHV-6B DNAemia.

Table 2 compares study outcomes between
patients with and without HHV-6B DNAemia. The
interval between transplantation and platelet
engraftment was significantly different between
patients with and without DNAemia, median
26 days (IQR 18 to 34) for those with DNAemia
and 19 days (IQR 17 to 26) for those without
(P =.025). In contrast, the interval between trans-
plantation and neutrophil engraftment showed
no difference between the two groups, with
21 days (IQR 18 to 23) for patients with DNAemia
and 20 days (IQR 18 to 22) for those without
(P = .29). Additionally, the time taken to achieve
an ALC >300 x 10°%/L was significantly different:
29 days (IQR 25 to 40) for patients with DNAemia
compared to 26 days (IQR 22 to 32) for those
without (P = .04). In contrast, the time to reach an
absolute monocyte count >300 x 10°/L did not
differ significantly (20 days [IQR 17 to 24] versus
19 days [IQR 16 to 21]; P =.10). Table 1 compares
patient characteristics, transplant-related varia-
bles, complications, and study outcomes between
patients with and without HHV-6B DNAemia.

In Cox proportional hazards analyses, HHV-6B
DNAemia was not significantly associated with
neutrophil engraftment (HR, 0.80; 95% CI, 0.52 to
1.21; P =.28) or monocyte recovery (HR, 0.68; 95%
Cl, 0.45 to 1.03; P =.07). However, HHV-6B DNAe-
mia was significantly negatively associated with

time to platelet engraftment (HR, 0.56; 95% (I,
0.35 to 0.90; P = .02) and lymphocyte recovery
(HR, 0.43; 95% (I, 0.24 t0 0.76; P = .004).

Overall, relapse of the underlying disease
occurred in 13 patients (12.7%) within 6 mo, 22
patients (21.5%) within 1 yr, and 27 patients
(26.4%) within 2 yr post-transplant. Patients with
HHV-6B DNAemia had higher relapse rates than
those without DNAemia at 6 mo (16.0% versus
9.6%; P = 32) and 1 yr (28.0% versus 15.4%;
P = .13), with the difference reaching statistical
significance at 2 yr post-transplant (36.3% versus
17.4%; P = .03; Figure 1). In univariate analysis,
both HHV-6B DNAemia (HR, 2.30; 95% CI, 1.03 to
5.10; P = .04) and a high DRI (HR, 2.61; 95% (I,
1.22 to 5.60; P = .01) were significantly associated
with an increased risk of relapse within 2 yr post-
transplant. In the multivariable model incorporat-
ing both DRI and HHV-6B DNAemia, a high DRI
(adjusted hazard ratio [aHR], 2.62; 95% CI, 1.21 to
5.68; P = .01) and the presence of HHV-6B DNAe-
mia (aHR, 2.21; 95% (I, 1.00 to 4.85; P < .05) each
remained independent predictors of relapse.

0S at 1 yr (39/50 [78.0%] versus 39/52 [75.0%];
P = 32) and 2 yr (31/50 [62.0%] versus 37/52
[71.2%]; P = .40) did not differ significantly
between patients with and without HHV-6B
DNAemia. In competing risk analysis, NRM did
not differ significantly between patients with and
without HHV-6B DNAemia at 1 yr (3/50 [6.0%;
95% CI, 1.5 to 15.0] versus 7/52 [13.5%; 95% CI, 5.9
to 24.2]; P =.19) or at 2 yr (6/50 [12.2%; 95% (I,
49 to 23.0] versus 7/52 [13.5%; 95% Cl, 5.9 to
24.2]; P =.79; Figure 2). In Cox proportional haz-
ards analysis, HHV-6B DNAemia was not associ-
ated with increased NRM risk (HR, 0.49; 95% (I,
0.12t0 1.97; P=.32).

Two patients developed encephalitis: one had
laboratory-confirmed HHV-6B encephalitis, while



Table 2
Study Outcomes and Complications
Study Outcomes Patients in the Cohort HHV-6 DNAemia PValue Persistent HHV-6B DNAemia PValue
N (%) No, nn =52 (50.5) Yes, n =50 (49.5) No Yes
n=>52(79.4%) n=21(20.6%)

HHV-6B DNAemia, median, 684 (72.7-3550) - 684 (72.7-3550) - - 4880 (2690-23,300) .05

IQR

Neutrophil engraftment, 20 (18-23) 20 (18-22) 21 (18-23) 29 20 (18-22) 22 (19-24) .01

days, median (IQR)

Platelet engraftment, days, 23(17-32) 19(17-26) 26(18-34) .025 19 (17-26) 30(19-39) <.05

median (IQR)

Days to ALC >300 x 10°/L, 28 (23-37) 26 (22-32) 29 (25-40) .04 26 (22-32) 33 (24-42) .07

median, IQR

Days to AMC >300 x 10/L, 20(17-22) 19(16-21) 20 (17-24) .10 19(16-21) 20 (18-23) 77

median, IQR

Death—at 1 yr 24 (23.5) 13(25.0) 11(22.0) .82 13 (25.0) 6(28.6) .87
NRM-1 yr 9(8.8) 6(11.5) 3(6.0) 49 6(11.5) 2(9.5) .69

Death-at 100 days 4(3.9) 3(5.8) 1(2.0) .62 3(5.8) 1(4.8) 91
NRM-100 days 2(2.0) 2(3.8) 0 .50 2(3.8) 0

Infectious diseases

CMV reactivation 30(29.4) 12(23.1) 18 (36.0) 19 12(23.1) 9(42.9) 15
Maximum viral load (IU/ 1395 (407-3830) 1260 (556-3580) 1510 (369-13,400) 72 1260 (556-3580) 3200 (1490-3830) 42
mL), median, IQR
Interval since transplanta- 40 (21-133) 28 (20-43) 49 (31-148) .09 28 (20-43) 33(21-49) .70
tion, median, IQR

EBV DNAemia 51 (50.0) 26 (50.0) 25 (50.0) 1.0 26 (50.0) 10 (47.6) 1.0

Fungal pneumonia (6.9) 3(5.8) 4(8.0) 71 3(5.8) 2(9.5) .62

Viral pneumonitis™’ 3(2.9) 1(1.9) 2(4.0) .61 1(1.9) 1(4.8) .50

Pneumonia with undeter- 24 (23.5) 8(15.4) 16 (32.0) .06 8(15.4) 7(33.3) a1

mined etiology

Febrile neutropenia 90(88.2) 46 (88.5) 44 (88.0) 1.0 46 (88.5) 19(90.5) 1.0

Bloodstream infection 54 (52.9) 30(57.7) 24 (48.0) 43 30(57.7) 13(61.9) .80

Diarrhea 45 (44.1) 18 (34.6) 27 (54.0) .07 18 (34.6) 13(61.9) .04

Other complications

Rash 51 (50) 27 (51.9) 24 (48.0) .84 27 (51.9) 11(52.4) 1.0
Rash without GVHD or 18(17.6) 10(19.2) 8(16.0) .80 10(19.2 4(19.0) 1.0
engraftment syndrome

(continued)
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CMV indicates cytomegalovirus; GVHD, graft-versus-host disease; NRM, non-relapse mortality.

* Peak viral load.

2 cases of viral pneumonitis with SARS-CoV-2 in HHV-6B group and 1 patient with viral pneumonitis with non-COVID coronavirus infection.
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the other showed no detectable HHV-6B in cere-
brospinal fluid or blood. Patients with HHV-6B
DNAemia demonstrated a trend toward higher
incidences of pneumonia of undetermined etiol-
ogy (32.0% versus 15.4%; P = .06) and diarrhea
without an identified microbiologic cause (54.0%
versus 34.6%; P = .07) compared with those with-
out DNAemia.

Persistent HHV-6B DNAemia

A total of 21 patients (20.6%) developed persis-
tent HHV-6B DNAemia, including one patient with
findings suggestive of ciHHVG6 (Table 3). Persistent
HHV-6B DNAemia was associated with delayed
engraftment, including platelets (median: 30 days
[IQR 19 to 39] versus 19 [17-26]; P = .01), ALC
(33 days [24—-42] versus 26 [22—32]; P < .05), and
neutrophils (22 days [19-24] versus 20 [17-22];
P = .05) (Table 2). In multivariable Cox propor-
tional hazards analyses, HHV-6B DNAemia was
not significantly associated with platelet engraft-
ment, whereas persistent HHV-6B DNAemia
showed a significant negative association with
time to platelet engraftment. Both HHV-6B DNAe-
mia and persistent HHV-6B DNAemia were signifi-
cantly negatively associated with time to
lymphocyte recovery, whereas no such associa-
tions were observed for neutrophil engraftment
(Table 4). The incidence of diarrhea without an
identified microbiologic cause was significantly
higher in patients with persistent HHV-6B DNAe-
mia than in those without (61.9% versus 34.6%;
P=.04).

Compared to patients without HHV-6B DNAe-
mia, those with persistent DNAemia had higher
relapse rates at 6 mo (5/21 [23.8%] versus 5/52
[9.6%], P=.14) and 1 yr (6/21 [28.6%] versus 8/52
[15.4%], P = .16), with the difference reaching sta-
tistical significance at 2 yr (8/21 [39.5%] versus 9/
52 [17.4%], P = .04). In competing risk analysis,
persistent HHV-6B DNAemia was significantly
associated with relapse (8/21 [39.5%; 95% (I, 18.0
to 60.0] versus 9/52 [17.0%; 95% CI, 8.0 to 28.0];
P =.04, Figure 3).

DISCUSSION

In the preemptive therapy era, antivirals with
dual activity against CMV and HHV-6B (eg, ganci-
clovir, valganciclovir, foscarnet) were frequently
used [5,19]. With the advent of letermovir pro-
phylaxis, CMV incidence—and consequently expo-
sure to these agents—has declined, necessitating
re-evaluation of HHV-6B reactivation. In this pro-
spective cohort from the letermovir era, HHV-6B
DNAemia occurred in 49% of patients, with
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Figure 1. Two-year relapse rates in patients with HHV-6B DNAemia compared to those without HHV-6B DNAemia. Black
color: patients without HHV-6B DNAemia; red color: patients with persistent HHV-6B DNAemia.

persistent DNAemia in 20.6%, comparable to rates
reported before letermovir use [20,21]. HHV-6B
DNAemia was associated with delayed platelet
engraftment and prolonged time to achieve an
ALC >300 x 10°/L, while persistent DNAemia was
associated with significantly further delays in
platelet, ALC, and neutrophil recovery.

We observed a significant association between
HHV-6B DNAemia and a higher relapse risk, with
a graded increase over time, and the strongest
divergence occurring at 2 yr. Recent studies have
focused mainly on the association between HHV-
6 and NRM, whereas, to our knowledge, no study
has specifically evaluated relapse as an outcome;
our findings, therefore, extend the literature by
suggesting a potential link between HHV-6B reac-
tivation and attenuated graft-versus-leukemia
(GVL) effects [4]. Two non-mutually exclusive
mechanisms may underlie this association. First,

1.0

* Red line = HHV-6B DNAemia
¢ Blackline =No HHV-6B DNAemia
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NRM

0.4

0.2

an indirect effect, whereby delayed lymphocyte
recovery in patients with HHV-6B reactivation
may increase relapse risk. Second, a direct viro-
immunologic effect, as HHV-6B—induced CD4/
CD8 lymphopenia, NK-cell dysfunction, and cyto-
kine dysregulation could impair alloreactive and
tumor-specific responses, thereby weakening GVL
[22—25]. HHV-6B DNAemia could also be a surro-
gate marker of more profound immune dysfunc-
tion. This is supported by data showing that HHV-
6B reactivation is more frequent in patients with
intense immunosuppression (eg, PTCy) and that
HHV-6B replication can impair dendritic-cell mat-
uration, lymphocyte proliferation, monocyte func-
tion, and critical cytokine pathways—features
consistent with a host environment already pre-
disposed to poor immune surveillance [26—28].
Therefore, HHV-6B DNAemia appears to represent
both a biologic mediator and a marker of
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Figure 2. Two-year non-relapse mortality (NRM) in patients with HHV-6B DNAemia compared to those without HHV-6B
DNAemia. Black color: patients without HHV-6B DNAemia; red color: patients with persistent HHV-6B DNAemia.
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Table 3
Patients with and without Persistent HHV-6 DNAemia
Variable Persistent HHV-6B DNAemia PValue
No Yes
n=52(79.4%) n=21(20.6%)
Age, median, IQR 56 (37-63) 60 (53-65) .16
Female 26 (50) 10 (47.6) .94
BMI, median, IQR 26.4(22.7-29.9) 24.0(21.6-26.6) .18
Comorbidities
Diabetes mellitus 7(13.5) 2(9.5) .94
Chronic kidney disease 1(1.9) 2(9.5) .20
Chronic lung disease 3(5.8) 1(4.8) .69
Hypertension 14 (26.9) 7(33.3) .58
Coronary arterial disease 5(9.6) 0 31
Autoimmune disease 3(5.8) 2(9.5) .62
Donor
Related 16 (30.8) 3(14.3) 24
MUD 29(55.8) 12(57.1) .88
MM URD 3(5.8) 2(9.5) .62
Haploidentical 4(7.7) 4(19.0) 22
Underlying disease .67
ALL 4(7.7) 5(23.8)
AML 25(48.1) 10 (47.6)
AA 2(3.8) 0
CML 2(3.8) 0
CLL 1(1.9) 0
CMML 4(7.7) 1(4.8)
ET 0 0
MDS 10(19.2) 5(23.8)
MF 3(5.8) 0
MPAL 1(1.9) 0
Myeloablative conditioning 28 (53.8) 5(23.8) .02
GVHD prophylaxis .09
rATG + PTCy + CsA 29(55.8) 17 (81)
MTX-based regimen 9(17.3) 0
PTCy + MMF + CsA 14 (26.9) 4(19)
Antiviral therapy
Acyclovir/valacyclovir 46 (88.5) 18 (85.7) 71
Ganciclovir/valganciclovir 8(15.4) 6(28.6) 21
Foscarnet 1(1.9) 3(14.3) .07
DRI .58
Low 3(5.8) 0
Intermediate 34(65.4) 15(71.4)
High 11(21.2) 5(23.8)
Very High 2(3.8) 1(4.8)

AA indicates aplastic anemia; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BMI, body mass index; CLL,
chronic lymphocytic leukemia; CMML, chronic myelomonocytic leukemia; CML, chronic myelogenous leukemia; CsA, cyclo-
sporine A; DRI, Disease Risk Index; ET, essential thrombocythemia; GVHD, graft-versus-host disease; MDS, myelodysplastic
syndrome; MPAL, mixed-phenotype acute leukemia; MF, myelofibrosis; MMF, mycophenolate mofetil; MTX, methotrexate;
PTCy, post-transplant cyclophosphamide; rATG, rabbit antithymocyte globulin; SE, standard error; SOS, sinusoidal obstruction
syndrome; Tac, tacrolimus; VOD, veno-occlusive disease.
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Table 4

Multivariable Cox Proportional Hazards Models Including HHV-6B DNAemia and Persistent HHV-6B DNAemia
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maladaptive immune recovery, and distinguishing
these possibilities requires prospective studies
integrating immune profiling, time-dependent
modeling, and mediation analyses. Although anal-
yses were adjusted for DRI and no difference in
DRI categories was observed between patients
with and without HHV-6B DNAemia, residual con-
founding related to cumulative immunosuppres-
sion, or disease biology cannot be excluded
[16,25]. The stronger association seen with persis-
tent DNAemia is biologically plausible as a
dose—duration effect. Future investigations
should incorporate time-dependent and media-
tion analyses to delineate direct and indirect
mechanisms and integrate comprehensive
immune response assessments. Although causal-
ity cannot be confirmed, our findings warrant val-
idation in larger cohorts and support prospective
studies integrating HHV-6B monitoring with
immunologic and biochemical markers relevant
to GVL activity.

HHV-6B may also infect bone marrow stromal
cells or monocytes, disrupting the bone marrow
microenvironment essential for effective engraft-
ment [2,29,30]. Importantly, HHV-6B DNAemia
occurs more commonly in patients undergoing
intensive immunosuppressive regimens, such as
PTCy, and may further contribute to delayed
hematopoietic engraftment [30,31]. Our study
demonstrated that patients with HHV-6B DNAe-
mia experienced a significant delay in achieving
an ALC >300 x 10°%/L compared with those with-
out DNAemia, suggesting a more prolonged state
of immunosuppression. Wang et al. [32] reported
that HHV-6B reactivation suppresses specific lym-
phocyte proliferative responses and is associated
with post-transplant lymphocytopenia in alloge-
neic HSCT recipients. HHV-6B replication may
impair monocyte differentiation into dendritic
cells—key initiators of adaptive immunity—and
disrupt Toll-like receptor—mediated signaling,
contributing to immunomodulation [33,34]. HHV-
6B replication can also trigger apoptosis in
infected lymphocytes and monocytes and sup-
press interleukin-12 production, collectively
impairing T-cell activation, NK-cell function, and
antigen presentation after HSCT [6,22,24,34—-38].
These combined effects compromise immune sur-
veillance and may increase the risk of disease
relapse [39,40].

We observed a significant negative association
between HHV-6B DNAemia—particularly persis-
tent DNAemia—and time to platelet engraftment.
Several mechanisms may underlie this associa-
tion. HHV-6B is known to target CD34*
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Figure 3. Relapse in patients with persistent HHV-6B. Black color: patients without HHV-6B DNAemia; red color: patients

with persistent HHV-6B DNAemia.

hematopoietic progenitor cells, including mega-
karyocytic precursors, and it may directly impair
their proliferation and differentiation, as demon-
strated in in vitro studies [41—43].

Furthermore, HHV-6B reactivation triggers a
proinflammatory cytokine response, including
interleukin-6, tumor necrosis factor-alpha, and
interferon-gamma, which can suppress megakar-
yopoiesis and contribute to bone marrow dys-
function [44]. Therefore, individuals with HHV-6B
reactivation appear to be at increased risk of
bleeding complications, higher transfusion
requirements, and potentially elevated NRM [4].

In our study, myeloablative conditioning (MAC)
was significantly less frequent among patients
with HHV-6B DNAemia. This association likely
reflects a confounding effect of age, as MAC is typ-
ically reserved for younger, healthier patients
with minimal comorbidities. In contrast, two prior
studies reported an association between HHV-6B
reactivation and MAC. De Pagter et al. found that
HHV-6B reactivation in MAC recipients was linked
to a higher risk of grade 2 to 4 acute GVHD, while
Aoki et al. reported that the association between
HHV-6B infection and acute GVHD was more pro-
nounced in MAC-treated patients [30,45]. These
studies, however, differ from ours in several
important respects: GVHD prophylaxis was lim-
ited to CsA and MMF without rATG in the first
study, and was not described in the second; both
included younger populations (median ages 40
and 46 yr versus 58 yr in our cohort); and both
were conducted in the CMV preemptive era,

when antiviral agents with anti—-HHV-6B activity
were more commonly used.

Prior research by Ogata et al. [46] showed that
pre-emptive monitoring and antiviral therapy for
HHV-6 did not prevent HHV-6B encephalitis, indi-
cating the limited effectiveness of current antivi-
ral treatments for HHV-6-related diseases. Thus,
even if HHV-6B is linked to indirect post-trans-
plant complications, antiviral therapy alone may
not reduce this risk, highlighting the necessity for
further mechanistic and interventional studies
beyond antiviral approaches.

HHV-6B reactivation was associated with sev-
eral adverse outcomes. Two patients developed
encephalitis, including one with virologically con-
firmed HHV-6B CNS infection. The composite CNS
outcome was also more common among viremic
patients, though the association did not reach sta-
tistical significance, likely due to limited sample
size. In our cohort, acute GVHD and rash were not
associated to HHV-6B DNAemia. Although a prior
study suggested a connection between HHV-6B
DNAemia and early-onset rash, the significance
vanished when follow-up extended to 50 or
100 days [20]. Furthermore, a systematic review
indicated no significant relationship between
HHV-6B DNAemia and GVHD in 29% of studies
with defined temporality and 56% without [47].
Diarrhea and pneumonia of undetermined micro-
biologic etiology occurred more frequently among
patients with HHV-6B DNAemia than among
those without, and persistent HHV-6B DNAemia
was significantly associated with diarrhea, which
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in some cases may have been attributable to gas-
trointestinal GVHD. We included diarrhea without
an identified microbiologic cause as an explor-
atory outcome because HHV-6B has been linked
to gastrointestinal manifestations, and unex-
plained diarrhea often prompts viral testing in
HSCT recipients. Given the many potential causes
of diarrhea after HSCT—infectious, toxic, GVHD-
related, or medication-related—this endpoint was
not intended to imply causality but to capture a
possible association, whether reflecting increased
GVHD risk or a direct enteric effect of HHV-6B
[48]. In a multicenter study of HSCT recipients
undergoing bronchoalveolar lavage for pneumo-
nia, HHV-6B DNA was detected in 37% of samples
and was associated with increased mortality.
Patients with HHV-6B also exhibited interferon-
enriched gene expression signatures, supporting a
potential pathogenic role in post-transplant lung
disease [49].

This study has several limitations. First, the
study was conducted at a single transplant center
in Toronto, which may limit the generalizability of
the findings to other settings with different
patient populations, transplant practices, or viral
monitoring protocols. Second, HHV-6B PCR test-
ing was performed at variable intervals (every 1
to 3 wk) during the first 100 days post-transplant.
This variation may have missed transient episodes
of low-level DNAemia, leading to an underestima-
tion of its true incidence and the persistence of
DNAemia. In most studies, monitoring for HHV-
6B DNAemia has been limited to the first 100 days
post-transplant, reflecting the period of highest
risk for viral reactivation [27,50]. Third, the obser-
vational design of the study prevents causal infer-
ences, and residual confounding factors may have
influenced the outcomes. Fourth, some determi-
nants of hematopoietic recovery were not col-
lected, limiting the reliability of multivariable
modelling. Accordingly, exploratory Cox analyses
of engraftment should be viewed -cautiously.
HHV-6B PCR testing (every 1 to 3 wk) was far less
frequent than daily hematologic monitoring, mak-
ing the true timing of DNAemia onset uncertain;
therefore, no causal or temporal conclusions can
be drawn from these analyses. Ultimately, a larger
sample size is necessary to comprehensively eval-
uate the long-term clinical implications of HHV-
6B reactivation on immune recovery, relapse, and
NRM.

CONCLUSION
In this prospective cohort of allogeneic HSCT
recipients, HHV-6B reactivation was common and

S.M. Hosseini-Moghaddam et al. / Transplantation and Cellular Therapy 32 (2026) 615.e1-615.e14

was associated with delayed platelet engraftment,
prolonged lymphocyte recovery, and an increased
risk of disease relapse. Although delays in platelet
and lymphocyte recovery were modest, they may
still be clinically meaningful—especially in
patients with persistent DNAemia—but these
findings require confirmation in larger cohorts.
HHV-6B reactivation correlated with a higher inci-
dence of clinical complications, particularly diar-
rhea without an identifiable microbiologic
etiology and pneumonia of undetermined cause,
while persistent DNAemia was independently
associated with an increased risk of early-onset
CNS manifestations. Although NRM did not differ
significantly, these findings highlight the potential
impact of HHV-6B reactivation on post-transplant
recovery and outcomes and underscore the need
for further investigation into its pathophysiologic
role and clinical management in the post-HSCT
setting.
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