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Key Points

•Only high HHV6 viremia
(.105 copies/mL)
affects late but not early
T-cell reconstitution
after HCT.

• Antivirals improve T-cell
reconstitution probability
in the context of HHV6
viremia after HCT.

Human herpesvirus 6 (HHV6) viremia is a common cause of morbidity following allogeneic

hematopoietic cell transplantation (HCT).Wepreviously associated T-cell reconstitutionwith

HHV6 viremia. Here, we investigated whether HHV6 viremia affects T-cell reconstitution

after HCT in a time-dependent retrospective analysis. We included 273 pediatric patients

(0.1-22.7 years; median follow-up, 58 months) receiving a first HCT between 2004 and 2014.

HHV6 was screened weekly in plasma via polymerase chain reaction and occurred in 79

patients (29%) at a median time of 19 days after transplant. Main outcome of interest was

immune reconstitution (IR) (CD3/CD4/CD8 T cells), measured biweekly until 12 weeks and

monthly thereafter. Cox proportional-hazard models were used with IR and HHV6 as time-

dependent variables in multivariate analysis with serotherapy in conditioning, graft source,

graft-versus-host disease, age, and other viruses (Epstein-Barr virus, cytomegalovirus, and

adenovirus) as covariates. Only patients with very high HHV6 viremia (.105 copies/mL)

showed hampered CD41 (hazard ratio [HR], 0.913; 95% confidence interval [CI], 0.892-0.934;

P , .001) and CD81 (HR, 0.912; 95% CI, 0.891-0.933; P , .001) reconstitution in comparison

with patients without HHV6, from ;6 months after HCT. Especially näıve CD41 IR was

affected (P 5 .028) but not effector memory CD41 IR (P 5 .33). Interestingly, T-cell

reconstitution was improved in patients treated with antivirals (HR, 1.572; 95% CI, 1.463-

1.690; P , .001). These findings suggest that HHV6 viremia affects late but not early T-cell

reconstitution.

Introduction

Viral reactivations severely hamper the success of allogeneic hematopoietic stem cell transplantation
(HCT).1-8 We recently showed that reactivation of human herpesvirus 6 (HHV6) increases the risk of
developing acute graft-versus-host disease (aGVHD) but only in patients without successful CD41

T-cell immune reconstitution (CD41 immune reconstitution [IR]; defined as having 2 consecutive
measurements of $50 3 106 CD41 cells/L of blood, within 100 days after HCT).8 Moreover, HHV6
counts were lower in patients with adequate CD41 IR. This was also found for adenovirus (AdV) and
Epstein-Bar virus (EBV). Nevertheless, in vitro and in vivo models have shown that HHV6 predominantly
infects and kills CD41 T cells.9-13 Therefore, the question arises whether CD4 T-cell reconstitution can
be hampered by HHV6 viremia so that a high HHV6 load would result in lower CD41 T-cell counts, and
vice versa. We here investigate the causality of the relation between CD41 T-cell recovery after HCT
and HHV6 load. We applied multivariate Cox proportional-hazard modeling to evaluate the effect of
HHV6 viremia on T-cell reconstitution after HCT, which enables time-dependent analysis.
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Patients and methods

We included pediatric patients receiving their first allogeneic HCT
between 2004 and 2014 at the University Medical Centre in
Utrecht, The Netherlands. Patients were treated as has been
previously described.8 Blood samples of peripheral bloodmononuclear
cells and outcome data were collected and registered prospectively.
After reaching a leukocyte count of at least 0.3 3 109/L, absolute
numbers of lymphocytes were measured by flow cytometry at least
every other week up to 12 weeks post-HCT and monthly thereafter, up
to 6 months post-HCT in EDTA-treated whole blood using TruCOUNT
tubes (BD Biosciences).

HHV6, AdV, EBV, and cytomegalovirus (CMV) were screened
weekly via polymerase chain reaction following HCT. For HHV6
viremia, no distinction was made between reactivation or primo
infection. Patients with HHV6 reactivation were treated with
foscarnet only in high clinical suspicion of HHV6-associated
disease (eg, encephalitis, bone marrow suppression). Treatment
of viral reactivations was stopped when viral load was undetectable
in 2 subsequent samples or in case of severe toxicity after acquiring
low viral loads (,1000 copies/mL). Patients were enrolled, and
data were collected after written informed consent in accordance
with the Helsinki Declaration. The study was approved by the local
ethical committee (trial numbers 05-143 and 11-063k).

Statistical analyses were performed using R 3.0.1 using the
packages survival and cmprsk. Cox proportional-hazard models
were used to analyze the relation between HHV6 viremia and the
probability of CD3 (twice$1003 106 CD31 cells/L of blood), CD4
(twice $50 3 106 CD31CD41 cells/L of blood), and CD8 (twice
$503 106 CD31CD81 cells/L of blood) reconstitution at any time
after HCT. Conditioning with serotherapy (eg, antithymocyte
globulin, alemtuzumab), graft source, grade II to IV aGVHD (treated
with steroids), age, and other viruses were evaluated as covariates
to exclude additional T-cell depleting effects. The effect of antiviral
therapy was evaluated with patients receiving cidofovir (for
adenovirus reactivation of .1000 copies/mL), ganciclovir, or
foscarnet (for CMV reactivation of .1000 copies/mL). Linear
regression curves were used to analyze the effect of HHV6
viremia on na ı̈ve (CD45RA1CCR71) and effector memory
(CD45RO1CCR71/2) CD41 T-cell reconstitution. Locally weighted
smoothing (LOESS) regression curves were fitted to the data for
visualization of differences between groups.

Results

We evaluated whether HHV6, as well as AdV, CMV, and EBV,
independently affects T-cell reconstitution after HCT in 273
pediatric patients (Table 1). HHV6 viremia occurred in 79 patients
(29%), AdV in 41 patients (15%), CMV in 50 patients (18%), and
EBV in 29 patients (11%). Of these patients, 31 (11%) were single-
positive for HHV6 viremia, 14 (5%) for AdV, 25 (9%) for CMV, and 9
(3%) for EBV viremia. In multivariate analysis, evaluating viremia as
time-varying variables, HHV6 viremia decreased both CD41 (hazard
ratio [HR], 0.913; 95% CI, 0.892-0.934; P, .001) and CD81 (HR,
0.912; 95% CI, 0.891-0.933; P , .001) IR. This translates to the
chance of having CD41 IR being reduced 8.7% with every increase
of 105 HHV6 copies/mL of plasma. Median time to CD41 IR was 78
days in patients without HHV6 viremia and 84 days in patients with
HHV6 viremia, independent of aGVHD. EBV had less effect on
CD81 (HR, 0.962; 95%CI, 0.934-0.989; P5 .01) and CD41 (HR,

0.964; 95% CI, 0.937-0.993; P 5 .01) IR, indicating a 3.6%
reduced chance of having CD41 IR with every increase of 105 EBV
copies/mL of plasma. CMV and AdV did not affect T-cell recovery in
multivariate analysis. Nevertheless, the actual effect is limited, and
only a few patients have.105 HHV6 copies/mL of viremia, indicating
that this effect of HHV6 on T-cell reconstitution after HCT is not
clinically relevant.

Figure 1A shows that HHV6 especially affects long-term CD41

T-cell recovery, but also CD81 T-cell recovery (Figure 1B), after
about 250 days, whereas no effects were observed in the first
100 days after HCT (P 5 .83 in comparison with patients without
HHV6 viremia, not shown). In addition, CD41 T-cell counts in
patients with or without HHV6 viremia were comparable before the
onset of the reactivations (P5 .11, not shown), which mostly occur
early after HCT (median time, 19 days). These findings suggest that
the CD41 T-cell depleting effect of HHV6 found in vitro and in
animal models (in a nonlymphodepleted setting)9-13 does not
directly influence CD41 T-cell recovery after HCT in vivo in humans.
In addition, we observed both an effect on long-term CD41 and
CD81 T-cell reconstitution, whereas in vitro, HHV6 showed only
low apoptosis in CD81 T cells.9-13 T cells recover early after
transplantation by homeostatic peripheral expansion (HPE) when
T cells from the graft proliferate, driven by cytokines and a
lymphopenic environment.14 Therefore, it might be that the T cells

Table 1. Uni- and multivariate analyses of the impact of viremia on

T-cell reconstitution after HCT

Univariate
Multivariate

Outcome P HR 95% CI P

HHV6

CD31 IR ,.001*** 0.922 0.902-0.942 ,.001***

CD41 IR ,.001*** 0.913 0.892-0.934 ,.001***

CD81 IR ,.001*** 0.912 0.891-0.933 ,.001***

EBV

CD31 IR .006** 0.963 0.937-0.991 .01*

CD41 IR .006** 0.964 0.937-0.993 .01*

CD81 IR .015* 0.962 0.934-0.989 .01*

CMV

CD31 IR .034* 0.971 0.882-1.068 .54

CD41 IR .033* 0.972 0.877-1.077 .58

CD81 IR .081 1.015 0.936-1.101 .71

AdV

CD31 IR .58 0.999 0.999-1.000 .55

CD41 IR .57 0.999 0.999-1.000 .58

CD81 IR .63 0.999 0.999-1.000 .64

Antiviral treatment

CD31 IR ,.001*** 1.566 1.459-1.681 ,.001***

CD41 IR ,.001*** 1.572 1.463-1.690 ,.001***

CD81 IR ,.001*** 1.707 1.586-1.837 ,.001***

Virus and cell recovery were considered time-varying variables. Analyses were corrected
for variables other than viruses that are known to affect immune reconstitution (serotherapy,
graft source, steroid-treated aGVHD, age). Cox proportional hazard models were used. Hazard
ratio (HR) on T-cell reconstitution probability for every 105 viral copies/mL plasma.
CI, confidence interval.
*P , .05; **P , .01; ***P , .001.
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that were depleted by HHV6 are efficiently replaced through HPE of
the remaining T cells.

Although HPE is responsible for early T-cell recovery, late T-cell
reconstitution is dependent on thymopoiesis,14 which takes at least
6 months to occur after HCT. The observation that HHV6 viremia
affects T-cell reconstitution at least 6 months after transplantation,
and has no effect on recovery of other immune cells (data not
shown), suggests that HHV6 might affect thymopoiesis. In addition,
further analysis shows that HHV6 affects naı̈ve CD41 T-cell
reconstitution after 300 days (P5 .028; Figure 2A) but not effector
memory CD41 IR (P 5 .33; Figure 2B). Indeed, an effect of HHV6

on thymus cells has been recently shown in an in vivo mouse
model.12 Future studies should investigate whether HHV6 infects
the human thymus, causing delayed T-cell reconstitution after HCT.
In addition, it would be interesting to evaluate whether pre-emptive
or prophylactic antiviral therapy could neutralize this possible effect
on thymopoiesis in a prospective study.

In our cohort, HHV6 reactivation was treated in only 11 patients (only
in case of encephalitis or bone marrow suppression suspected to be
associated with HHV6 reactivation), whereas antivirals were given to
the majority of patients with a CMV or AdV reactivation (who had a
HHV6 reactivation at the same time). T-cell reconstitution was not
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Figure 1. The impact of HHV6 viremia on CD4
1
and CD8

1
T-cell reconstitution. LOESS curves of CD41 (A) and CD81 (B) T-cell counts in blood over time after HCT

are depicted in patients with (n 5 64; red lines) and without (n 5 138; blue lines) HHV6 viremia. Patients with steroid-treated severe aGVHD were excluded from these

graphs. Gray areas depict 95% CIs of LOESS fit.
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Figure 2. Naı̈ve and effector memory CD41 T-cell reconstitution in context HHV6 viremia. LOESS curves of naı̈ve (A) and effector memory (B) CD41 T-cell counts in

blood over time after HCT are depicted in patients with (n 5 51; red lines) and without HHV6 viremia (n 5 91; blue lines). Patients with steroid-treated severe aGVHD were

excluded from these graphs. Gray areas depict 95% CIs of LOESS fit.
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delayed in patients with HHV6 viremia who received antivirals (for
any virus) with effectivity against HHV6. Figure 3 illustrates CD41

T-cell recovery after HCT in patients with and without HHV6
viremia, who did or did not receive antiviral treatment. In multivar-
iate analysis, antiviral treatment increased the chance of CD41

IR by 42.8%, despite viremia (HR, 1.572; 95% CI, 1.463-1.690;
P , .001).

Discussion

Our findings indicate that late T-cell reconstitution after HCT is affected
only by the presence of high HHV6 viremia. This indicates that the
association between early CD41 IR and lower HHV6 viremia, and
subsequent aGVHD risk,8 which we previously reported, does not
merely result from CD4 T-cell depletion due to HHV6 viremia after
HCT. Antiviral treatment might be able to neutralize the delay in T-cell
reconstitution caused by HHV6, which may, however, cause toxicity.15

Currently, alternative antiviral therapies based on virus-specific T-cell
immunotherapy show successful control of viruses, including HHV6
viremia.16-19 Because HHV6 is associated with increased aGVHD risk
in patients with delayed CD41 IR,8 intensive monitoring, with additional
antiviral pre-emptive or prophylactic treatment, may be considered to
improve the outcomes of HCT recipients with a high HHV6 load.
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