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4. INTRODUCCIÓN

4.1. El Citomegalovirus humano (CMV)

4.1.1. Generalidades, estructura y replicación del CMV

Herpesviridae et al.

et al. et al. et al.

Herpesviridae

core

Figura 1. Dibujo (izquierda) e imagen demicroscopía electrónica (derecha) en las que semuestran
las partes del virión características de la familia Herpesviridae. Aquí se ha tomado como ejemplo
el virión del CMV.
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et al.

et al.

et al.

Figura 2. Clases de genomas de los virus herpes humanos (no a escala) [Roizman y Pellet, 2001;
Davison y Bhella, 2007]. Las regiones únicas se muestran como líneas horizontales y las
repeticiones como rectángulos. Las flechas muestran la orientación de las repeticiones. En el
recuadro rojo se resalta la estructura característica del genoma del HCMV y se detallan los
distintos segmentos (ver texto para explicación).
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Figura 3. Ciclo replicativo del CMV (adaptado de [Crough y Khanna, 2009]).
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4.1.2. Patogenia e inmunidad
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Figura 4. Respuesta inmunitaria frente al CMV (adaptado de [Crough y Khanna, 2009]). A: la
primoinfección comienza típicamente por la replicación del virus en el epitelio mucoso. B: desde
el foco, el virus se disemina por medio de monocitos, dónde además es capaz de permanecer en
estado de latencia. C: las partículas víricas son procesadas por células presentadoras de antígeno
(macrófagos / CDs), que estimulan a las células T. D: Además, las CDs secretan IFN I e
interleuquinas que estimulan la respuesta inmunitaria innata, notablemente a los NKs. E: los
linfocitos T (sobre todo CTLs) y los NKs eliminan las células infectadas por citolisis. Los linfocitos
Th CD4+ y los NK secretan IFN y TNF entre otros para incrementar la respuesta inflamatoria /
inmunitaria. EL IFN aumenta la producción de TNF por los macrófagos. F: los linfocitos B
activados por los Th producen anticuerpos neutralizantes que ayudan a controlar las partículas
víricas extracelulares.
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4.2. CMV en el receptor de trasplante alogénico de
precursores hematopoyéticos (alo TPH)

4.2.1. Aspectos clínicos de la infección por el CMV en el
receptor de alo TPH

et al.
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4.2.2. Factores de riesgo para la infección activa y
enfermedad por el CMV en el receptor de alo TPH
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4.2.3. Técnicas diagnósticas empleadas en la detección de
la infección activa por CMV
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4.2.4. Estrategias para el tratamiento antiviral frente al
CMV
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4.2.5. Diagnóstico basado en la respuesta inmunitaria
frente al CMV
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ORIGINAL ARTICLE

Lack of prompt expansion of cytomegalovirus pp65 and IE-1-specific

IFNc CD8þ and CD4þ T cells is associated with rising levels of pp65

antigenemia and DNAemia during pre-emptive therapy in allogeneic

hematopoietic stem cell transplant recipients

N Tormo1, C Solano2,3, I Benet2, MA Clari1, J Nieto4, R de la Cámara5, J López6, N López-Aldeguer7,
JC Hernández-Boluda2, MJ Remigia2, A Garcia-Noblejas5, C Gimeno1,7 and D Navarro1,7

1Microbiology Service, Hospital Clı́nico Universitario, Valencia, Spain; 2Hematology and Medical Oncology Service, Hospital
Clı́nico Universitario, Valencia, Spain; 3Department of Medicine, School of Medicine, University of Valencia, Valencia, Spain;
4Hematology Service, Hospital Morales Meseguer, Murcia, Spain; 5Hematology Service, Hospital de La Princesa, Madrid, Spain;
6Hematology Service, Hospital Ramón y Cajal, Madrid, Spain and 7Department of Microbiology, School of Medicine, University of
Valencia, Valencia, Spain

Rising levels of cytomegalovirus (CMV) DNAemia and/or
pp65 antigenemia have been observed during pre-emptive
ganciclovir therapy in patients undergoing allogeneic
hematopoietic stem cell transplantation (allo-SCT). We
assessed the incidence of this event in our series, and
investigated whether its occurrence was associated with an
impairment in the CMV-specific T-cell response. A total
of 36 allo-SCT recipients experienced one or more
episodes of active CMV infection (n¼ 68) that were pre-
emptively treated with val(ganciclovir). Rising levels of
antigenemia and DNAemia, and an isolated increase in
antigenemia, were observed in 39.7 and 2.9% of all
episodes, respectively. Receipt of corticosteroids was
associated with rising levels of antigenemia and DNAe-
mia. Median increases of 12- and 6.8-fold of IFNc CD8þ

T and IFNc CD4þ T cells, respectively, were observed at
a median of 16.5 days after initiation of therapy in
episodes with decreasing levels in antigenemia and
DNAemia. In contrast, the numbers of both T-cell subsets
at a median of 13.5 days after initiation of therapy did not
differ significantly from those of pre-treatment samples in
episodes with rising levels of antigenemia and DNAemia.
Lack of prompt expansion of CMV pp65 and IE-1-
specific IFNc CD8þ and CD4þ T cells is associated
with rising levels in antigenemia and DNAemia during
pre-emptive therapy.
Bone Marrow Transplantation (2010) 45, 543–549;
doi:10.1038/bmt.2009.172; published online 20 July 2009
Keywords: cytomegalovirus; IFNgCD8þ and CD4þ T cells
rising antigenemia; stem cell transplantation

Introduction

The pp65 antigenemia assay is widely used for guiding and
monitoring the efficacy of pre-emptive therapy for active
cytomegalovirus (CMV) infection in allogeneic hemato-
poietic stem cell transplant (allo-SCT) recipients. Pre-
emptive therapy results in most cases in a rapid decline of
antigenemia until complete clearance. Nevertheless, in-
creasing levels in antigenemia early after initiation of
ganciclovir treatment has been reported to occur with
certain frequency in this clinical setting.1–3 Two distinct
patterns of rising antigenemia have been observed: a
simultaneous increase in both antigenemia and DNAemia
levels, and an isolated increase in the antigenemia level with
decreasing or stable DNAemia levels. The former pattern is
seen mainly in patients on treatment with high-dose
steroids for graft versus host disease (GvHD),2,3 or in
those receiving antithymocyte globulin (ATG) in the
conditioning regimen.4 As both drugs are known to cause
immunosuppression, a failure in building up a prompt
functional T-cell response to CMV is the most likely
explanation accounting for the occurrence of these
episodes. This assumption, nevertheless, has not been
shown. Rising levels in antigenemia and DNAemia may
also be due to the emergence of ganciclovir-resistant
strains; this phenomenon, however, does not seem to be
frequent in the allo-SCT setting.5 The latter pattern was
documented earlier in solid-organ transplant recipients
experiencing a primary CMV infection and its pathogenetic
basis was later elucidated.6,7 It was shown that persistence
of antigenemia in the absence of DNAemia when on
ganciclovir treatment was due to overproduction of pp65.7

No risk factors seem to be significantly associated with such
episodes of active CMV infection in allo-SCT recipients,
the resolution of which does not require modification of
ongoing antiviral therapy.3 In an earlier study, we showed
that CMV pp65 and IE-1-specific IFNg-producing CD8þ

and CD4þ T cells provide protection against CMV viremic

Correspondence: Dr D Navarro, Microbiology Service, Hospital Clı́nico
Universitario, Avenue Blasco Ibáñez 17, 46010 Valencia, Spain.
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infection.8 In this study, we report on the frequency of the
different antigenemia kinetic patterns observed during pre-
emptive antiviral therapy in our setting and investigated
whether a lack of expansion of CMV pp65 and IE-1-
specific IFNg CD8þ and CD4þ T in response to virus
replication was associated with rising levels of antigenemia
and DNAemia during pre-emptive therapy. At present,
there are no consensus criteria for the therapeutic manage-
ment of such episodes of active CMV infection. Immuno-
logical data presented in this study may contribute to define
the optimal strategy for their treatment.

Patients and methods

Patients
Patients undergoing allo-SCT between January 2006 and
July 2008 at the Hospital Clı́nico Universitario, Valencia;
Hospital La Princesa, Madrid; Hospital Ramón y Cajal,
Madrid; and Hospital Morales Meseguer, Murcia were
eligible for inclusion. The study was approved by the Ethics
Committees. All patients gave their informed consent to
participate in the study.

Virological monitoring and management of active CMV
infection
Patients were monitored for pp65 antigenemia by a
commercial immunofluorescence assay (Light Diagnostics
CMV pp65 Antigenemia Immunofluorescence assay,
Chemicon International, Temecula, CA, USA) and plasma
DNAemia (CMV real-time polymerase chain reaction
(PCR), Abbott Molecular, Des Plaines, IL, USA or
AMPLICOR CMV Monitor, Roche, Indianapolis, IN
USA) once a week until day þ 100, and every other week
thereafter until day þ 180 as described earlier.9,10 Virolo-
gical monitoring beyond this time point was performed at
each routine clinical control, and when clinical signs
compatible with CMV end-organ disease were present.
During episodes of active CMV infection, both tests were
performed two or three times a week. For data analysis, the
commencement of a given episode was defined by a
simultaneous positive result for both the PCR and the
antigenemia assays. The end of a given episode was defined
by a simultaneous negative result for both tests. A relapsing
episode was defined by the reappearance of antigenemia
and/or DNAemia after the end of the preceding episode.
Pre-emptive therapy with oral valganciclovir (900mg/12 h)
or i.v. ganciclovir (5mg/kg/12 h) was initiated on a positive
antigenemia result (X1 pp65 positive cells/200 000 cells).
Pre-emptive therapy was discontinued after two consecu-
tive negative antigenemia results obtained 3 days apart,
after a minimum of 2 weeks of treatment. Maintenance
doses of valganciclovir (450mg/12 h) were given to some
patients on steroids therapy for GvHD after resolution of
the episode of active CMV infection and to a number of
patients with persistent DNAemia after antigenemia
clearance. Foscarnet (i.v. 60mg/kg/12 h) was used instead
of ganciclovir in patients with severe neutropenia. In some
instances, foscarnet was added to the therapy schedule
or replaced ganciclovir or valganciclovir after initiation of

pre-emptive therapy when the antigenemia assay continued
to be positive beyond the third week of treatment. CMV
end-organ disease was diagnosed and treated as reported
earlier.9,10

Immunological monitoring
Enumeration of CMV-specific IFNg-producing CD8þ and
CD4þ T lymphocytes was carried out by flow cytometry
for ICS (BD Fastimmune, BD-Beckton Dickinson and
Company-Biosciences, San Jose, CA, USA) as described
earlier.8 Briefly, 0.5ml of heparinized whole blood was
simultaneously stimulated with two sets of 15-mer over-
lapping peptides encompassing the sequence of pp65 and
IE-1 CMV proteins (2 mg/ml per peptide), obtained from
JPT peptide Technologies GmbH (Berlin, Germany), in the
presence of 1 mg/ml of costimulatory mAbs to CD28 and
CD49d. Samples mock stimulated with PBS/DMSO and
costimulatory antibodies were run in parallel. Brefeldin A
(10 mg/ml) was added for the last 4 h of incubation. Blood
was then lysed and frozen at �80 1C until tested. On the
day of testing, stimulated blood was thawed at 37 1C,
washed, permeabilized, and stained with a combination of
labeled moAbs (anti-IFNg-FITC, anti-CD69-PE, anti-CD4
or CD8-PerCP-Cy5.5, and anti-CD3-APC when the IFNg
CD8þ kit was used) for 30min at room temperature.
Appropriate isotype controls were used. Cells were then
washed, resuspended in 200ml of 1% paraformaldehyde in
PBS, and analyzed within 2 h on an FACSCalibur flow
cytometer using CellQuest software (BD Biosciences
Immunocytometry Systems, San Jose, CA, USA). Data
files usually contained at least 1000 positive events for
CD4þ or CD8þ within the lymphocyte gate. CD4þ and
CD8þ events were gated and then analyzed for the CD69
activation marker and IFNg production. The total number
of CMV-specific CD4þ and CD8þ T cells was calculated
by multiplying the percentages of CMV-specific T cells
producing IFNg on stimulation (after background subtrac-
tion) by the absolute CD4þ and CD8þ T-cell counts. The
specific responses were considered to be those 40.1% for
both CD4þ and CD8þ T cells.

Sequence analysis of the UL54 and UL97 genes
CMV DNA extraction from plasma specimens was carried
out using the High Pure nucleic acid Kit (Roche
Diagnostics, GmbH, Mannheim, Germany). The extracted
viral DNA was used as a template for amplification of a
975-bp region of the UL97 gene spanning codons 429–753,
after an earlier published protocol,11 and two regions of the
UL54 gene spanning codons 345–625 and 645–1013, after
an earlier reported nested PCR protocol.12 The PCR
products were purified by the QIAquick purification kit
(Qiagen GmbH, Hilden, Germany), sequenced by the ABI
Prism BigDye Terminator Cycle Sequencing Kit v3.1 (PE
Applied Biosystems, Foster City, CA, USA), and analyzed
on an ABI 310 automated DNA sequencer.

Statistical analysis
The statistical significance of differences in medians was
assessed by using the Mann–Whitney U-test for unpaired
data, and the Wilcoxon’s test for paired data. The Fisher’s
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exact test was used to compare dichotomous variables
between groups. All tests were two tailed. A P-
value¼o0.05 was considered statistically significant. The
statistical analysis was performed with the aid of the
statistical package SPSS (version 14.0).

Results

Kinetic patterns of antigenemia and DNAemia during pre-
emptive antiviral therapy
A total of 47 out of 76 allo-SCT recipients experienced one
or more episodes of active CMV infection (n¼ 81). Eleven
patients developed DNAemia positive/antigenemia nega-
tive episodes (n¼ 13) that were not pre-emptively treated.
Thirty-six out of 47 allo-SCT recipients had one or more
episodes of active CMV infection (n¼ 68) that were treated
pre-emptively with valganciclovir or ganciclovir. The
relevant data of patients treated pre-emptively are sum-
marized in Table 1. Patients were followed up for a median
of 251 days (range, 51–819 days). Forty-three episodes
(67.4%) developed within the first 100 days after trans-
plantation.

Seventeen patients (47.2%) experienced episodes of
active CMV infection in which declining levels of both
antigenemia and DNAemia were observed early after
initiation of pre-emptive therapy (type A episodes). Twelve
patients (33.3%) developed episodes of active CMV
infection in which both the antigenemia and DNAemia
levels increased during pre-emptive therapy (type B
episodes). Five patients (13.8%) experienced both types of
episodes during the follow-up. Episodes of active CMV
infection with dissociated antigenemia/DNAemia levels
(type C episodes) were seen in two patients (5.5%). In
summary, out of the 68 episodes, 39 were type A (57.3%),
27 type B (39.7%), and 2 type C (2.9%).

Features of episodes of active CMV infection with either
rising or declining levels of antigenemia
A median of a 10-fold (range, 2–105-fold) increase in the
antigenemia level from baseline (initial positive value) was
observed in type B episodes, a median of 13 days (range,
3–71 days) after initiation of therapy. The peak antigene-
mia level was reached more frequently (51.8%) within
the second week. The median increase in DNAemia was
15-fold (range, 2–5969-fold), a median of 14 days (range,
3–171 days) after initiation of therapy. The peak DNAemia
occurred most frequently (44.4%) within the second week.
As shown in Table 2, overall, the duration of type B
episodes was significantly longer than that of type A
episodes. Likewise, peak levels of antigenemia and DNAe-
mia were significantly higher in type B episodes than in type
A episodes (except if only initial episodes were considered
for analysis). The first positive values for the antigenemia
and DNAemia were nevertheless comparable for type A
and type B episodes (PX0.5).

Twenty episodes (10 type A and 10 type B) occurred in
patients when on maintenance therapy with valganciclovir.
These episodes tended to have a longer duration and
reached higher peak levels of antigenemia and DNAemia

than those developing in its absence. However, these
differences did not reach statistical significance, except for
duration of DNAemia and peak antigenemia levels in type
B episodes (not shown).

Twelve out (9 type B and 3 type A) of the 20 episodes
developing when on maintenance therapy occurred in
patients under corticosteroid treatment for GvHD. Overall,
ongoing treatment with corticosteroids was significantly
associated (P¼ 0.028) with the occurrence of type B
episodes.

Table 1 Characteristics of the patients

Parameter

36
44.1 (18–70)

Patients
Median age, years (range)
Sex, number of male patients/number of female patients 15/21

Diagnosis, number of patients (%)
12 (33.3)
7 (19.4)
6 (16.6)
2 (5.5)
2 (5.5)
2 (5.5)
2 (5.5)
2 (5.5)

Acute myeloid leukemia
Non-Hodgkin’s lymphoma
Acute lymphoblastic leukemia
Primary myelofibrosis
Myelodysplastic syndrome
Multiple myeloma
Chronic lymphocytic leukemia
Severe aplastic anemia
Hodgkin’s lymphoma 1 (2.7)

CMV serostatus, number of patients (%)
22 (61.1)
13 (36.1)

D+/R+
D�/R+
D+/R� 1 (2.7)

Donor type, number of patients (%)
9 (25.0)
2 (5.5)

12 (33.3)

HLA-identical sibling
Mismatched-related donor
Matched-unrelated donor
Mismatched-unrelated donor 13 (36.1)

Conditioning regimen, number of patients (%)
Non-myeloablative 19 (52.8)

7 (19.4)
7 (19.4)

Fludarabine plus melphalan
Fludarabine plus busulphan
Others 5 (13.8)

Myeloablative 17 (47.2)

8 (22.2)
6 (16.6)

Fludarabine-thiothepa
Busulphan-cyclophosphamide
TBI plus cyclophosphamide
Others 3 (8.3)

Stem cell source
24 (66.6)
8 (22.2)

Peripheral blood
Umbilical cord blood
Bone marrow 4 (11.1)

GvHD prophylaxis
16 (44.4)
8 (22.2)
8 (22.2)
3 (8.3)

Cyclosporine A+methotrexate
Cyclosporine A+MMF
Cyclosporine A+prednisone
Cyclosporine A+methotrexate+ATG
Other 1 (2.7)

Acute GvHD incidence
22 (61.1)Grades 0–I

Grades II–IV 14 (38.9)

Abbreviations: D¼ donor; GvHD¼ graft versus host disease;
R¼ recipient; +¼CMV seropositive; �¼CMV seronegative.
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Relapsing CMV infections developed with comparable
frequencies (PX0.5) irrespective of whether the initial
episode was either type A (38.4%) or type B (40.9%).

CMV-specific T-cell response in episodes of active
CMV infection with either decreasing or rising levels
in antigenemia and DNAemia
Data on CMV pp65 and IE-1-specific IFNg CD8þ and
CD4þ T-cell responses obtained before and after initiation
of pre-emptive antiviral therapy were available for 24
episodes of active CMV infection (14 type A and 10 type
B). These episodes occurred at a median of 46 days after
transplant (range, 24–310 days) and were initial episodes in
18 cases and relapses in the remaining six cases. Two type A
and four type B episodes developed in patients when on
corticosteroid therapy. Data are depicted in Figure 1.
Pre-treatment levels of both T-cell subsets did not differ
significantly between type A and type B episodes (PX0.926
and P¼ 0.862 for IFNg CD8þ and IFNg CD4þ T cells,
respectively). These samples had been obtained a median of
9 days (range, 0–27 days) and 10.5 days (range, 1–24 days)
for type A and type B episodes, respectively (PX0.5),
before initiation of pre-emptive antiviral therapy. A
significant expansion of both IFNg CD8þ and IFNg
CD4þ T cells occurred in type A episodes obtained a
median of 16.5 days (range, 6–46 days) after initiation of
therapy. The duration of the antigenemia and DNAemia
in these episodes was 9.5 and 10.5 days, respectively. A
12-fold median increase of IFNg CD8þ T cells (median,
1.42 cells/ml and range, 0.29–9.46 cells/ml) and a 6.8-fold
median increase of IFNg CD4þ T cells (median, 0.68 cells/
ml and range, 0.17–2.56 cells/ml) were observed. In contrast,
in type B episodes, the numbers of both T-cell subsets at a
median of 13.5 days (range, 6–122 days) after initiation of
therapy did not differ significantly from those of pre-
treatment samples. In these episodes, the peak levels of
antigenemia and DNAemia were reached at a median of 14
days after commencement of pre-emptive therapy. In fact, a
modest expansion of the IFNg CD8þ T-cell subset (median
increase of 0.22 cells/ml and range, 0.02–1.97 cells/ml) and
IFNg CD4þ T-cell subset (median increase of 0.24 cells/ml

and range, 0.24–0.46 cells/ml), respectively, was showed in
only 4 and 3 out of 10 episodes analyzed, respectively.
Follow-up monitoring for CMV pp65 and IE-1-specific

IFNg CD8þ and IFNg CD4þ T-cell levels was available
for seven type B episodes in six patients (Table 3). In five of
these episodes (patients 1, 2, 4 (first episode), 5, and 6),
control of CMV replication seemed to be associated with a
significant (P¼ 0.01) increase in both T-cell subsets (except
for IFNg CD4þ T cells in patient 6). In contrast, a failure
to expand both T-cell populations was related to the
persistence of antigenemia and DNAemia until the end of
the follow-up period (patient 3, and patient 4 (second
episode)). Relapsing infections developed after 6 episodes
(2 type A and 4 type B) out of the 24 episodes for which
immunological data were available. Post-treatment levels of
IFNg CD8þ and IFNg CD4þ T were significantly lower
(P¼ 0.001) in these 6 episodes (median, 0.59 cells/ml and
0.15 cells/ml, respectively) than in the 18 episodes not
followed by a relapsing infection (median, 1.97 cells/ml
and 0.71 cells/ml, respectively).

Occurrence of CMV-resistant mutations to ganciclovir
PCR sequencing of the CMV UL97 and UL54 genes was
retrospectively performed on 12 plasma samples obtained
during episodes with rising levels of antigenemia and
DNAemia (11 type B episodes and 1 type C episode) at
the time peak DNAemia values were reached. Mutations in
the UL 97 gene conferring resistance to ganciclovir were
found in two samples drawn within two type B episodes in
two patients (M460I in one sample and deletions in codons
597, 598, 599 in the other sample). These episodes were still
active at the end of follow-up (both patients died) and they
were not cleared even after the administration of foscarnet
(no mutations conferring resistance to foscarnet were
detected). In both patients, emergence of resistant strains

Table 2 Characteristics of active CMV infection episodes with

decreasing (type A) or rising (type B) levels of antigenemia and

DNAemia during pre-emptive antiviral therapy

Parameter A episodes
median (range)

B episodes
median (range)

P-value

All episodes
Duration antigenemia 9.5 (2–39) 28 (7–72) o0.001
Duration DNAemia 14 (2–48) 39 (10–45) o0.001

4 (1–210) 30 (4–210) o0.001Peak antigenemia
Peak DNAemia 1200 (25–12 900) 14 219 (544–917 791) o0.001

Initial episode
Duration antigenemia 9.5 (2–16) 24.5 (6–72) 0.007
Duration DNAemia 11 (2–28) 31 (10–95) 0.005

3 (1–210) 2 (2–50) 0.369Peak antigenemia
Peak DNAemia 1309 (25–70 800) 754 (37–7680) 0.300

Antigenemia (pp65-positive cells/200 000 PMNLs); DNAemia (CMV DNA
copies/ml plasma); duration (days).
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Figure 1 CMV pp65 and IE-1-specific IFNg-producing CD8þ and
CD4þ T cells before and after initiation of pre-emptive antiviral therapy
in episodes of active CMV infection with decreasing (A) or rising (B) levels
of antigenemia and DNAemia. Horizontal bars indicate the medians. The
statistical significance of differences between pre-treatment (black symbols)
and post-treatment (open symbols) T-cell levels is shown. Pre-treatment
samples obtained a median of 9 and 10.5 days for type A and type B
episodes, respectively, before initiation of pre-emptive antiviral therapy.
Post-treatment samples obtained a median of 16.5 and 13.5 days for type A
and type B episodes, respectively, after initiation of pre-emptive therapy.
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was detected after 40 and 56 days of maintenance therapy,
respectively. An impairment in the CMV-specific T-cell
response was observed in both cases during the entire
duration of the episode (not shown).

Discussion

In our series, decreasing levels of antigenemia and
DNAemia early after initiation of pre-emptive antiviral
therapy (type A episodes) was observed in more than half
of all episodes of active CMV infection, whereas rising
levels of antigenemia and DNAemia were detected in
around 40% of cases. These figures are comparable to those
reported in earlier studies,2,3 in which initial but not
relapsing episodes of active CMV infection were taken
into consideration. A dissociation between the levels of
antigenemia and DNAemia (type C episodes) was only
shown in two episodes. Our data are in keeping with those
reported by Nichols et al.,2 and Boeckh,13 but are strikingly
different from those published by Gerna et al.3 In the latter
study, 31.4% of episodes (patients) had isolated antigene-
mia increases. The explanation for this discrepancy is
uncertain. It is unlikely that differences in either clinical or
demographic characteristics between patients in the two
series were responsible. It is also unlikely that the use of a
different specimen for CMV DNA quantitation (plasma in
our study, whole blood in theirs) accounted for the
discrepancy, despite the fact that plasma CMV DNA levels
are consistently lower than those found in whole blood.14

With respect to type B episodes, including those
occurring in patients when on maintenance therapy, our
observations are in accordance with those reported in

earlier studies.2,3 Likewise, the receipt of corticosteroids for
treatment of GvHD was found to be significantly
associated with the occurrence of type B episodes, as was
reported earlier,2,3 Interestingly, the initial values of
antigenemia and DNAemia were not predictive for the
subsequent kinetic pattern of CMV load. In agreement with
an earlier study,3 we also found relapsing episodes of active
CMV infection to occur with comparable frequencies
irrespective of whether the initial episode was either type
A or type B.
Rising antigenemia during pre-emptive ganciclovir ther-

apy has been postulated to occur in the face of an impaired
CMV-specific T-cell response. However, this extent has not
been proven. We defined earlier levels of pp65 and IE-1-
specific IFNg CD8þ and IFNg CD4þ T cells providing
protection against the development of viremic CMV
infection (41 IFNg CD8þ cell/ml and 41.2 IFNg CD4þ

T cells/ml).8 Comparable levels of pp65-specific IFNg or
TNFa-producing CD8þ T cells (range, 1–5 cells/ml) and
IFNg/IL-2-producing CD4þ T cells (1 cell/ml) conferring
protection against CMV antigenemia or DNAemia have
been reported earlier.15–18 In this study, we enumerated
peripheral levels of these T-cell subsets, both before and
after the initiation of pre-emptive antiviral treatment, in a
number of type A and type B episodes. Our data indicated
that an early expansion of CMV pp65 and IE-1-specific
IFNg CD8þ and IFNg CD4þ T-cell subsets in response to
viral replication was associated with declining levels of
antigenemia and DNAemia during antiviral therapy.
Significant increases in the numbers of both IFNg subsets
were seen at a median of 16.5 days after initiation of
therapy. It is likely that this cell expansion might have been
detected earlier had immunological monitoring been

Table 3 Monitoring for CMV pp65 and IE-1-specific IFNg-producing CD8+ and CD4+ T cells before and after initiation of pre-emptive

therapy in episodes of active CMV infection with rising levels of antigenemia and DNAemia

Patient Day PT Duration (days)
AG/DNAemia

Peak AG (cells)/DNAemia
(copies/ml)

Time (days) to peak
AG/DNAemia

Day/IFNg CD8+/
CD4+(cells/ml)

1 +87 18/51 200/54076 9/10 +63/0/0
+94/0/0

+121/1.17/0.44
2 +60 17/28 20/8109 3/7 +49/0.17/0

+66/0/0
+89/4.69/3.41

3 +124 Active 210/562218 45/171 +127/0.23/0.48
+169/0.04/0

+182/0.06/0.05
+189/1.24/0.19
+218/0.55/0.18

+228/0/0
4 +43 72/95 210/40749 15/19 +36/0.42/0.24

+59/0/0
+86/2.52/0.80

4 +155 Active 210/917791 71/138 +183/0/0
+272/0.26/0.24
+290/0.59/0

5 +34 21/28 12/17047 14/14 �12/0/0
+41/0/0

+64/0.44/0.34
6 +38 16/16 10/15670 8/8 +29/0.20/0

+49/0.06/0
+59/1.17/0

Abbreviations: AG¼ antigenemia (pp65-positive cells/200 000 PMNLs); PT¼post-transplant. pp65 and IE-1 peptide mixes were used simultaneously for
stimulation.
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conducted with the same periodicity as virological mon-
itoring. Unfortunately, this was not possible in this study.
In contrast, a lack of prompt expansion of both T-cell
populations, in particular the IFNg CD8þ T-cell subset,
was related to the occurrence of episodes with rising levels
of antigenemia and DNAemia during therapy. In these
episodes, an eventual expansion of both T-cell subsets was
associated with control of CMV replication, whereas
persistence of antigenemia and DNAemia (in two episodes)
was related to a failure to do so.
Relapsing infections developed after 6 out of the 24

episodes (two type A and four type B) for which
immunological data were available. Post-treatment cell
counts of IFNg CD8þ and IFNg CD4þ T cells in these six
episodes were below protective threshold values.8 The
number of CMV-specific functional cells at that time point
might have been sufficient to control CMV replication in
the presence of antivirals, but insufficient to protect from
subsequent CMV reactivation in the absence of antiviral
treatment.
Idiosyncratic variations of antiviral pharmacokinetics as

well as the emergence of ganciclovir-resistant mutants may
also be the cause of rising viral load during antiviral
therapy. The latter phenomenon, however, has been shown
to be a rare event in the allo-SCT setting, at least in
treatment-naı̈ve patients.2,3,5 Our data fully support this
assumption. Development of ganciclovir resistance was
observed in 2 out of 12 episodes with rising levels of
antigenemia subject to analysis. In both cases, patients had
received long courses of antiviral therapy and were unable
to consistently expand CMV-specific IFNg CD8þ and
IFNg CD4þ T cells in response to viral replication.
Therapeutic interventions based on the assessment of

CMV-specific T-cell immunity have been shown to lead to a
more targeted use of antiviral therapy,19 although clinical
validation of this strategy requires further studies. In line
with this study, our data suggest that frequent monitoring
for CMV pp65 and IE-1-specific IFNg CD8þ and IFNg
CD4þ T cells after initiation of pre-emptive antiviral
therapy may be ancillary to routine virological surveillance
for making optimal therapeutic decisions.
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An Assessment of the Effect of Human Herpesvirus-6
Replication on Active Cytomegalovirus Infection after

Allogeneic Stem Cell Transplantation

Nuria Tormo,1 Carlos Solano,2,3 Rafael de la C�amara,4 Ana Garcia-Noblejas,4

Laura Cardeñoso,5 Mar�ıa �Angeles Clari,1 Jos�e Nieto,6 Javier L�opez,7

Juan Carlos Hern�andez-Boluda,2 Mar�ıa Jos�e Remigia,2 Isabel Benet,2 David Navarro1,8

Human herpesvirus-6 (HHV-6) may enhance cytomegalovirus (CMV) replication in allogeneic stem cell
transplant (allo-SCT) recipients either through direct or indirect mechanisms. Definitive evidence supporting
this hypothesis are lacking.We investigated the effect of HHV-6 replication on active CMV infection in 68 allo-
SCTrecipients. Analysis of plasma HHV-6 and CMVDNAemiawas performed by real-time PCR. Enumeration
of pp65 and IE-1 CMV-specific IFNgCD81 andCD41 T cells was performed by intracellular cytokine staining.
HHV-6DNAemia occurred in 39.8%of patients, andwas significantly associatedwith subsequent CMVDNAe-
mia in univariate (P5.01), but not in multivariate analysis (P5.65). The peak of HHV-6DNAemiawas not pre-
dictive of the development of CMVDNAemia. Timing and kinetics of active CMV infectionwere comparable in
patients eitherwith orwithout a preceding episode of HHV-6DNAemia. The occurrence of HHV-6DNAemia
had no impact onCMV-specific T cell immunity reconstitution early after transplant. The receipt of a graft from
an HLA-mismatched donor was independently associated with HHV-6 (P5.009) and CMV reactivation
(P5.04). The data favor the hypothesis that a state of severe immunosuppression leads to HHV-6 and CMV
coactivation, but argue against a role of HHV-6 in predisposing to the development of CMV DNAemia or
influencing the course of active CMV infection.

Biol Blood Marrow Transplant 16: 653-661 (2010)� 2010 American Society for Blood and Marrow Transplantation

KEY WORDS: Human herpesvirus 6 (HHV-6), Cytomegalovirus (CMV), CMV replication, CMV immune
response, Interaction, Allo-SCT recipient

INTRODUCTION

Active cytomegalovirus (CMV) infection is a fre-
quent event following allogeneic hematopoietic stem
cell transplantation (allo-SCT), which causes signifi-
cant morbidity and mortality [1]. Human herpesvirus
6 (HHV-6) is a member of the beta herpesvirus
subfamily whose reactivation has been increasingly

related to clinical complications, such as delayed
neutrophil and platelet engraftment, interstitial pneu-
monia, skin rash, severe graft-versus-host disease
(GVHD), central nervous system disorders, and overall
mortality [2]. Depending on the method used for the
surveillance of viral replication and the net state of post-
transplant immunosuppresion, 45% to 85%, and 25%
to 80%of allo-SCT recipients experience 1 ormore ep-
isodesof activeCMVorHHV-6 infection, respectively,
within the first 100 days after transplantation [1,2].
HHV-6 is considered an immunomodulatory and im-
munosuppressive agent [3], and thereby might increase
the risk of active CMV infection and disease in the
transplantation setting. Epidemiologic, clinical, and vi-
rologic evidence supporting this assumption has been
mainly reported in solid organ transplant recipients. It
was shown that occurrence ofHHV-6 viremiawas asso-
ciatedwith an increased risk of subsequentdevelopment
of either CMV syndrome or CMV end-organ disease
[4-9]. The pathophysiologic basis of such viral interac-
tion is largely unknown, but it might be related to the
ability of HHV-6 to induce the synthesis of proinflam-
matory cytokines, such as interleukin-1â and tumor ne-
crosis- �a, known to trigger CMV reactivation, and to
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suppress T-lymphocyte function [3]. The effect of
HHV-6 replication on CMV infection in the allo-
SCT setting and the clinical consequences of such in-
teraction, if any, remain imprecisely defined. In a recent
report, Wang et al. [10] provided data suggesting that
HHV-6 reactivation might suppress the reconstitution
of CMV-specific lymphoproliferative responses,
thereby promoting CMV replication. The present
study was undertaken to determine whether active
HHV-6 infection predisposes to CMV reactivation
and/or has any influence on the kinetics of CMV repli-
cation in the allo-SCT setting. The elucidation of the
nature of the pathogenetic interaction between both
beta herpesviruses may have important implications
in the therapeuticmanagement ofCMV infection in re-
cipients of allo-SCT.

PATIENTS AND METHODS

Patients

Patients undergoing allo-SCT betweenNovember
2005, and December 2008, at the following hospitals:
Hospital Cl�ınico Universitario,Valencia, Hospital La
Princesa, Madrid, Hospital Morales Meseguer, Mur-
cia, andHospital Ram�on y Cajal, Madrid, were eligible
for inclusion. The study was approved by all ethics
committees. All patients gave their informed consent
to participate in the study. Sixty-eight allo-SCT recip-
ients were included and followed up until day 100 after
transplantation. Relevant demographic and clinical
data of these patients are shown in Table 1.

Definitions

Neutrophil and platelet engraftment were defined
as:.500 cells/mL for 3 days, and.50,000 platelets/mL
for 1 week in the absence of platelet transfusion, re-
spectively, counting the first day as the day of engraft-
ment [11]. The intensity of acute GVHD (aGVHD)
was graded from 0 to IV (0 to I, low grade, and II to
IV, high grade), as previously described [11].

Virological Monitoring and Management
of Active CMV Infection

Patients were monitored for pp65 antigenemia by
a commercial immunofluorescence assay (Light Diag-
nostics� CMV pp65 Antigenemia Immunofluores-
cence assay, Chemicon International, Temecula, CA,
USA), and plasma DNAemia (CMV real-time PCR,
Abbott Molecular, Des Plaines, IL, USA) once a week,
as previously reported [12,13]. The surveillance of
HHV-6 DNAemia was not routinely performed in our
patients. Thus, cryopreserved specimens were used for
analysis.The availability of a sufficient volumeofplasma
for PCRwas a limiting factor that precluded the analysis
of a larger number of specimens. Sequential plasma

samples frompatients had been collected from amedian
of 7days (range: 0-26days) toamedianof58days (range:
38-75 days) after transplant. A total of 520 samples
(a median of 6 samples per patient; range: 3-11 samples)
were analyzed. HHV-6 DNA detection was performed
by a commercial real-time PCR assay (HHV-6 Q-PCR
Alert Amplimix, Nanogen Advanced Diagnostics,
Torino, Italy) on a Smart Cycler instrument (Cepheid,
Sunnyvale, CA, USA). DNA was extracted from a vol-
umeof 200mLof plasmaon theBioRobotEZ1worksta-
tion (EZ1 virus Mini Kit v2.0, Qiagen, Hamburg,
Germany). This assay amplifies a sequence within
ORF 13R common to HHV-6 variants A and B. The
lower limit of detection of the assay is 10 copies/mL,
and the linear measuring range is 6 log10 copies/mL.
For data analysis, the commencement and end of a given
episode of active viral infection were defined by the first
positive (any level of plasma viral load) and first negative
results, respectively, in the corresponding PCR assay.

Table 1. Characteristics of Patients

Parameter Value

68
45 (18–70)

37/31

Patients
Age, years
Sex, male/female
Underlying disease

25 (36.7)
10 (14.7)
8 (11.8)
5 (7.4)
4 (5.9)
4 (5.9)
3 (4.4)
2 (2.9)
1 (1.5)

Acute myelogenous leukemia
Acute lymphoblastic leukemia
Non-Hodgkin lymphoma
Hodgkin lymphoma
Plasma cell disorders
Chronic lymphocytic leukemia
Chronic myelogenous leukemia
Myelodysplastic syndrome
Severe aplastic anemia
Others 6 (8.8)

Cytomegalovirus serostatus
39 (57.3)
21 (30.8)
6 (8.8)

D+/R +
D–/R+
D–/R–
D+/R– 2 (2.9)

Donor type
30 (44.1)
6 (8.8)

19 (27.9)

HLA-identical sibling
Mismatched related donor
Matched unrelated donor
Mismatched unrelated donor 13 (21.6)

Conditioning regimen
Nonmyeloablative 40 (58.8)

28 (41.2)Myeloablative
Stem cell source

53 (77.9)
13 (19.11)

Peripheral blood
Umbilical cord blood
Bone marrow 2 (2.9)

GvHD prophylaxis
33 (48.5)
15 (22.0)
14 (20.5)

Cyclosporine A + methotrexate
Cyclosporine A + MMF
Cyclosporine A + prednisone
Others 6 (8.8)

Acute GVHD incidence*
45 (66.1)Grades 0–I

Grades II–IV 23 (33.9)

GVHD indicates graft-versus-host disease; MMF, mycophenolate
mofetil; D, donor; R, recipient; +, CMV seropositive; –, CMV seronega-
tive; HHV-6, human herpesvirus-6.
Age is given as median (range).
*Incidence of acute GVHD by day +100 posttransplant.
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ActiveHHV-6 orCMV infectionwas definedby the de-
tection of viral DNA in 1 or more plasma specimens.
Preemptive therapy with oral valganciclovir (900 mg/
12 hours) or i.v. ganciclovir (5 mg/lg/12 hours) was ini-
tiated upon a positive antigenemia result ($1 pp65 pos-
itive cells/200,000 cells) and discontinued following 2
consecutive negative antigenemia results obtained 3 to
7 days apart, after a minimum of 2 weeks of treatment.
Foscarnet (i.v. 60 mg/kg/12 hours) was used instead of
ganciclovir in patients with severe neutropenia. All pa-
tients with antibodies against herpes simplex virus re-
ceived oral acyclovir prophylaxis following the
institutional protocols.

Viral Doubling Time Calculation

To determine the rate of virus replication, the viral
doubling time (dt) of HHV-6 and CMV was estimated
following 2 approaches. In the first, we considered for
analysis the first 2 PCR-positive results. The dt was
given by dt5 (t2 2 t1) � log(2)/log(q2/q1), with q1
and t1 being the DNAemia level (copies/mL) at the
time of the first positive PCR (in days) respectively,
and q2 and t2 theDNAemia level at the time of the sec-
ond measurement, respectively. This formula assumes
a constant growth rate, which occurs in the early phase
of virus replication. When more than 2 positive PCR
results were available, the peak DNAemia value was
not considered, as the growth rate of a virus slows as
the viral load approaches its peak. In the second ap-
proach, we included in the analysis all measurements
from the last negative PCR result to the peak viral
load, and estimated the dt as dt5 ln(2)/k, with k being
the rate constant for exponential growth, which is
given by V(t)5V(0)xekt, where V is the viral load and
t the time (in days) [14]. For CMV, the dt was calcu-
lated on the basis of DNAemia values obtained prior
to initiation of preemptive therapy. Thus, only epi-
sodes in which the PCR turned positive (at least 2 con-
secutive samples) earlier than the antigenemia assay
and those resolving without the implementation of
preemptive therapy (antigenemia negative episodes)
were taken into consideration for analysis. Likewise,
for calculation of the HHV-6 dt only viral loads mea-
sured in the absence of (val)ganciclovir therapy were
taken into consideration for analysis.

Immunological Monitoring

Enumeration of pp65 and IE-1 CMV-specific
IFNg-producing CD81 and CD41 T lymphocytes
was carried out by flow cytometry for ICS (BD Fastim-
mune, BD-Beckton Dickinson and Company-Biosci-
ences, San Jose, CA, USA) as described previously
[15]. Whole blood was simultaneously stimulated
with 2 sets of 15-mer overlapping peptides encompass-
ing the sequence of pp65 and IE-1 CMV proteins
(2 mg/mL/peptide), obtained from JPT peptide

Technologies GmbH (Berlin, Germany), in the pres-
ence of 1 mg/mL of costimulatory monoclonal anti-
bodies (mAbs) to CD28 and CD49d for 6 hours at
37� C. Brefeldin A (10 mg/mL) was added for the last
4 hours of incubation. Cells were permeabilized and
stained with a combination of labeled mAbs (anti-
IFNg-FITC, anti-CD69-PE, anti-CD4, or CD8-
PerCP-Cy5.5 and anti-CD3-APC when the IFNg
CD81 kit was used). Cells were analyzed on a FACS-
Calibur flow cytometer using CellQuest software
(BD Biosciences Immunocytometry Systems). CD41

and CD81 events were gated and then analyzed for
the CD69 activation marker and IFNg production.
The total number of CMV-specific CD41 and
CD81 T cells was calculated by multiplying the per-
centages of CMV-specific T cells producing IFNg
upon stimulation (after background substraction) by
the absolute CD41 and CD81 T cell counts. The spe-
cific responses were considered those .0.1% for both
CD41 and CD81 T cells.

Statistical Analysis

Data were analyzed with the aid of the statistical
package SPSS (version 15.0). Frequency comparisons
were carried out using thec2 test for categoric variables
(univariate analysis), and the nonparametric Mann-
Whitney U test for unpaired continuous data. The
Spearman rank test was used for analyzing the correla-
tion between continuous variables. For multivariate
analysis, variables associated (P \ .10) with HHV-6
DNAemia in univariate analysis were included and an-
alyzed using a binary logistic regression model. Vari-
ables that were associated with CMV DNAemia in
the univariate analysis were included and analyzed us-
ing a Cox proportional hazards regression modeling,
in which HHV-6 DNAemia was entered as a time-de-
pendent variable. The potential associations between
HHV-6 DNAemia and neutrophil and platelet en-
graftment, and between HHV-6 or CMV DNAemia
and the incidence of high grade (II-IV) aGVHD were
also evaluated by Cox proportional hazards regression
analysis, both virologic events being considered as
a time-dependent variables. Results are expressed as
relative risk ratios (RRs) or hazard ratios (HRs), and
their corresponding 95% confidence interval (CI). A
P value\.05 was considered significant.

RESULTS

Incidences and Kinetics of Active HHV-6
Infection

Sixty-eight nonconsecutive patients at the Hospi-
tal Cl�ınico Universitario, Valencia (n 5 53), and the
Hospital de la Princesa, Madrid (n5 15) were finally
included in the study. In 62 of the 68 patients, the first
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specimen subject to analysis was obtained within the
first 10 days after transplant. HHV-6 DNAemia was
detected at least once in 27 of 68 patients (39.7%),
a median of 20 days (range: 7- 44 days) after transplan-
tation. A median of 2 positive samples (range: 1-5 sam-
ples) per patient was found. Six patients had a single
positive PCR result. To rule out the possibility of
DNA contamination, a second aliquot of plasma
from these 6 patients was analyzed. All these samples
tested positive again and displayed comparable
HHV-6 DNA loads (not shown).

The kinetics of HHV-6DNAemia in our patients is
shown in Figure 1. The peak level ofHHV-6DNAemia
(median 345 copies/mL, range: 26-13,661 copies/mL)
was reached more frequently in the fourth week
(52%). Episodes of HHV-6 DNAemia lasted a median
of 10 days (range: 3-35 days). Self-clearance of HHV-6
DNAemiawas observed in19of 27 episodes.Resolution
of the remaining 8 episodes of HHV-6 DNAemia oc-
curred while patients were on (val)ganciclovir therapy,
which was initiated because of the development of anti-
genemia-positive active CMV infection. In 3 of these 8
episodes, preemptive therapy was initiated at the time
of peakHHV-6DNAemia. In the remaining 5 episodes,
preemptive therapy was implemented once HHV-6
DNAemia had begun to decrease.

Relationship between HHV-6 and CMV
DNAemia

Thirty-nine patients (57.3%) experienced an epi-
sode of active CMV infection within the first 100
days after transplant (median onset of the episodes
34 days, range: 0-70 days). None of these patients pro-
gressed to CMV disease within the study period.
Twenty-seven of the 39 episodes were preemptively
treated, as the antigenemia assay turned positive.
The remaining 12 episodes resolved spontaneously.
No PCR negative/antigenemia positive episodes
were observed. In all episodes, the plasma PCR assay
turned positive earlier than the antigenemia assay.

Twenty-one of the 39 patients had prior or concom-
itant HHV-6 DNAemia. In 20 of 21 patients, detection
ofHHV-6DNAemia preceded that ofCMVDNAemia
byamedianof 15days (range: 2-50days).The remaining
18 patients developingCMVDNAemia had noHHV-6
DNA detected in plasma.HHV-6 and CMVDNAemia
overlapped in 11 of the 21 patients. In the remaining 10
patients, CMV DNAemia was detected after HHV-6
DNAemia clearance.

The peak level of HHV-6 DNAemia in patients
who subsequently experienced an episode of active
CMV infection (median 190 copies/mL, range:
26-13,661 copies/mL), and that in patients who did
not develop it (median 214 copies/mL, range: 65-478
copies/mL) were not significantly different (P5 .85).
The kinetics profile of CMV DNAemia in patients

with or without a preceding episode of HHV-6
DNAemia was next investigated. As shown in Table
2, we found no significant differences between the
groups in terms of the time to the first CMVPCR-pos-
itive result, the day of initiation of preemptive treat-
ment and its duration, the initial antigenemia and
DNAemia values, the peak viral load, the duration of
DNAemia, and the number of preemptively treated
or self-resolving episodes. Furthermore, no significant
correlation (P5 .43) was found between the peak
levels of HHV-6 and CMV DNAemia.

Doubling Times of HHV-6 and CMV

As a complementary approach to assess the effect of
active HHV-6 infection on CMV replication, we esti-
mated the rate of CMV replication in patients with or
without a preceding episode of HHV-6 DNAemia. As
explained in the methods section, we used 2 different
approaches and obtained comparable results (not
shown). Data are depicted in Figure 2. The median dt
of HHV-6 was 0.90 days, ranging from 0.2 to 1.71
days, which was significantly (P # .001) shorter than
that of CMV (median 1.72 days, range: 0.60-12.8
days). The median dt of CMV in patients with prior
HHV-6 DNAemia was 1.72 days (range: 0.90-12.8
days), and did not differ significantly (P5 .64) from
that in patientswith nodocumentedHHV-6DNAemia
(median 1.56 days, range: 1.07-8.50 days). The latter 2
subgroups of patientswerematched for donorCMVse-
rostatus, donor type (related/unrelated; matched/mis-
matched), source of stem cells and conditioning, and
GVHD prophylaxis regimens (not shown).

Effect of Active HHV-6 Infection
on CMV-Specific Immune Reconstitution
Early after Transplant

We investigated whether the occurrence of active
HHV-6 infection had any measurable effect on the

Days after transplant

635649423528211470

H
H

V
-6

 D
N

A
em

ia
 (

lo
g 1

0 
co

pi
es

/m
L 

pl
as

m
a)

0

1

2

3

4

5

Figure 1. Kinetics of human herpesvirus 6 (HHV-6) plasmaDNAemia in
27 allogeneic stem cell transplant recipients who had 1 or more positive
results by a real-time PCR (lower detection limit, 10 DNA copies/mL).
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recovery of pp65 and IE-1-specific IFNg-CD81 and
IFNg CD41 T cell responses early after transplant
(median 32 days; range: 26–48 days). As shown in
Table 3, overall, peripheral counts of both T cell sub-
sets in patients experiencing HHV-6 DNAemia prior
to day 30 were not significantly different from those
in patients with no documented HHV-6 DNAemia.
We performed a similar analysis on 2 subgroups of pa-
tients: 1 including patients not developing active CMV
infection during the follow-up period (n5 23), of
whom 6 had HHV-6 DNAemia and 17 did not, and
the other including patients who developed an active
CMV infection beyond day 30 posttransplant
(n5 14), of whom 6 had a preceding episode of
HHV-6 DNAemia and 8 did not. Again, we found
comparable levels of both CMV-specific T cell subsets
in both subgroups, irrespective of whether a preceding

episode of HHV-6 DNAemia had been documented
or not.

We also assessed whether occurrence of HHV-6
DNAemia had any effect on the magnitude of the
CMV-specific immune response elicited by CMV rep-
lication. Blood samples drawn at a median of 63 days
(range: 56-74 days) after transplant were available
from 14 patients developing active CMV infection
within 30 to 60 days after transplant. Seven of these pa-
tients had an episode of HHV-6 DNAemia preceding
that of active CMV infection. Median IFNg-CD81

and IFNg CD41 T cells in these patients (0.44 cells/
mL, and 0.34 cells/mL, respectively) did not differ sig-
nificantly (P5 .23) from that in patients with no prior
episode of HHV-6 DNAemia (0.28 cells/mL, and 0.24
cells/mL).

Risk Factors for HHV-6 and CMV DNAemia

In our cohort, receipt of a graft from an unrelated
or and HLA-mismatched donor, the use of umbilical
cord blood as a source of hematopoietic stem cells,
myeloablative conditioning, and the use of prednisone
in GVHD prophylaxis were significantly associated
with the occurrence of HHV-6 DNAemia in the uni-
variate analysis (Table 4). Other covariates such as
age, sex, underlying disease, and donor CMV serosta-
tus were not associated with HHV-6 DNAemia (not
shown). In the multivariate analysis, the source of
stem cells and the receipt of a graft from an unrelated
or an HLA-mismatched donor were independently
associated with HHV-6 DNAemia (Table 4).

Theunivariate analysis identified several risk factors
significantly associated with the occurrence of CMV
DNAemia: receipt of a graft from anHLA-mismatched
donor (RR5 1.5, 95%CI, 1.1-2.4, P5 .04) or an unre-
lateddonor (RR5 1.6, 95%CI, 1.0-2.4,P5 .01), useof
prednisone in GVHD prophylaxis regimen (RR5 1.8,
95%CI, 0.6-5.0,P5 .00), andpriorHHV-6DNAemia
(RR5 1.6, 95% CI, 1.1-2.4, P5 .01). Nevertheless, in

Table 2. Active CMV Infection Profile in Patients with or without a Preceding Episode of HumanHerpesvirus 6 (HHV-6) DNAemia

HHV-6 DNAemia

Virologic Parameter Yes (n5 21) No (n5 18) P Value*

29 (6-66) 36 (0-70) .95
41 (25-2300) 45 (25-7276) .71

1207 (25-212,320) 1302 (25-65,945) .90

29 (5-100) 24 (3-98) .91
36 (24-67) 36.5 (12-96) .21
3 (1-210) 3 (1-50) .46

5 6 .51

First CMV PCR
Positive, day
Initial CMV load in copies/mL
Peak CMV load in copies/mL
Duration CMV
DNAemia, days
Initiation of preemptive therapy, days
Initial antigenemia value (positive cells/200,000 PMNLs)
Self-resolving episodes†
Duration of preemptive treatment 22 (14-60) 26.5 (14-90) .71

CMV indicates cytomegalovirus; PCR, polymerase chain reaction; PMNL, polymorphonuclear leukocytes.
Figures are given as median numbers (range).
*Analysis performed by use of Mann-Whitney U-test.
†Episodes of CMV DNAemia resolved without implementation of preemptive therapy.
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the multivariate analysis, in which HHV-6 DNAemia
was introduced as a time-dependent variable, only the
receipt of a graft from an HLA-mismatched donor
retained significance (Table 5).

HHV-6 DNAemia, CMV DNAemia, and Clinical
End Points

We investigated whether HHV-6 DNAemia had
any effect on the time to neutrophil and platelet en-
graftment. All but 1 patient had achieved neutrophil
engraftment by day130, whereas 80% and 92% of pa-
tients had achieved platelet engraftment by days 130
and 150, respectively. Only patients displaying
HHV-6 DNAemia before day 130 (25 of 27 patients)
were included for analysis. The occurrence of HHV-6
DNAemia had no significant effect on neutrophil en-
graftement by day 130 (HR, 1.0; 95% CI, 0.8-1.7;
P5 .85), or platelet engraftment by day 130 (HR,
0.9; 95% CI, 0.7-2.1; P5 .36) or by day 150 (HR,
1.1; 95% CI, 0.6-2.7; P5 .54).

We also assessed the potential effect of HHV-6
and CMVDNAemia in the development of high grade

(II to IV) aGVHD by day 1100 after transplantation.
Both virologic events were considered for analysis only
if they preceded the occurrence of the clinical end
point. Grades II-IV aGVHD occurred in 7 of 24
patients with no evidence of HHV-6 and CMV
DNAemia, and in 16 out of 44 patients who developed
either HHV-6 DNAemia, CMV DNAemia, or both.
Neither HHV-6 DNAemia (HR, 0.9; 95% CI, 0.3-
1.9; P5 .6) nor CMV DNAemia (HR, 0.8; 95% CI,
0.2-2.1) were significantly associated with subsequent
development of high grade aGVHD.

No clinical events potentially associated with
HHV-6 reactivation in allo-SCT recipients (CNS dys-
function, idiopathic pneumonia syndrome, or skin rash
not because of GVHD) were observed in our cohort.
In addition, we sought to determine whether the oc-
currence of HHV-6 DNAemia, CMV DNAemia, or
both had any influence on all-cause mortality during
the study period. Eleven patients had died by 1100
(5 because of severe aGVHD, 4 because of relapse,
and 2 as a result of a systemic infection). Of the 11 pa-
tients, 4 had no documented HHV-6 or CMVDNAe-
mia, 5 had only CMV DNAemia, and 2 displayed
HHV-6 and CMV DNAemia. The scarce number of
clinical events precluded any meaningful statistical
analysis.

DISCUSSION

In our cohort of allo-SCT recipients, almost 40%
of patients experienced HHV-6 DNAemia, which oc-
curred most frequently around the time of engraft-
ment. This percentage might have been even higher
as we could not rule out the occurrence of HHV-6
DNAemia very early after transplant in a couple of pa-
tients from whom no plasma samples drawn within the
first 4 weeks after transplantation were available for
analysis. Incidence rates of active HHV-6 infection
ranging from 28% to 78% have been published
[11,16-28]. Discrepancies among these studies are
likely due to variations in the laboratory method and
type of specimen employed for detecting HHV-6,
the frequency of virologic monitoring and the clinical
characteristics of the patients. We used a highly sensi-
tive real-time PCR assay and plasma instead of leuko-
cytes for quantification of HHV-6 DNAemia.
Although it remains a matter of debate [25,29], the
level of plasma HHV-6 DNAemia appears to reliably
reflect the degree of viral systemic replication. In our
cohort, HHV-6 variant B was implicated in all epi-
sodes (n5 16) analyzed (not shown), and the kinetics
of DNAemia was not suggestive of HHV-6 genome
integration [30].

In accordance with previous reports [19,21,25,31],
the receipt of a graft from an unrelated or HLA-mis-
matched donor and the use of umbilical cord blood as

Table 3. Early Reconstitution (day +30) of pp65 and IE-1-
Specific IFNg-Producing CD8+ and CD4+T Cells in Patients
Either Experiencing or Not human Herpesvirus 6 (HHV-6)
DNAemia

Patient Group
HHV-6

DNAemia
No HHV-6
DNAemia P Value*

All patients†
IFNg CD8+ .520.30 (0-1.54) 0.11 (0-3.11)

0.32 (0-1.54) 0.18 (0-7) .54IFNg CD4+

No CMV DNAemia prior to

.83
day +100‡
IFNg CD8+

IFNg CD4+
0.92 (0-1.54) 0.42 (0-3.11)
0.78 (0-3.76) 0.59 (0-7) .66

CMV DNAemia beyond day +30§
.18IFNg CD8+

IFNg CD4+
0.26 (0-0.56) 0 (0-0.42)
0.20 (0-1.02) 0.04 (0-0.32) .34

CMV indicates cytomegalovirus.
Figures are cells/mL blood, and are given as median numbers (range).
*Analysis performed by use of Mann-Whitney U-test.
†All 37 patients either experiencing or not CMV DNAemia.
‡This group included 23 patients, of whom 17 developed HHV-6
DNAemia prior to day 30 posttransplant and 6 did not.
§This group included 14 patients, of whom 6 developed HHV-6
DNAemia prior to day 30 posttransplant and 8 did not.

Table 4. Analysis of Risk Factors Associated with the
Development of Human Herpesvirus 6 (HHV-6) DNAemia

RR (95% CI) P Value

Risk Factor Univariate Multivariate

4.5 (1.9-10.7) .00 1.7 (0.4-3.1) .01
2.5 (0.8-7.4) .00 1.8 (0.7-3.8) .00
2.4 (1.3-4.4) .03 1.2 (0.5-1.4) .08
3.3 (2.1-5.3) .00 1.8 (0.4-3.3) .00

Unrelated donor
HLA mismatched donor
Myeloablative conditioning
Cord blood graft
Prednisone in GVHD
prophylaxis 1.5 (0.5-4.3) .00 1.2 (0.6-1.9) .21

RR indicates relative risk ratio (95% confidence interval); GVHD,
graft-versus-host disease.
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the source of stem cells were independently associated
with the development of HHV-6 DNAemia.

The kinetics of HHV-6 DNAemia in our patients
was comparable with that reported in other series
[11,19-22,24-27]. That is, peak incidences occurring
within the second and third weeks after transplant,
peak viral load being reached within 3 to 4 weeks post-
transplant, and median duration of episodes\2 weeks.
In our setting, most episodes were self-limited, that is,
they resolved without the implementation of antivirals
with activity against HHV-6, such as (val)ganciclovir.
This appears to be themost frequent outcome of active
HHV-6 infection in patients with low to intermediate
levels of HHV-6 DNAemia [32], as those in our series.
The peak plasma levels of HHV-6 DNAemia in our
patients were comparable with those reported by
Zerr et al. [11], but markedly lower than those pub-
lished by Ogata et al. [25]. Again, differences in the
characteristics of patients and/or in the method used
for HHV-6 DNA quantification may account for this
discrepancy.

Contradictory data have been reported on the in-
fluence of HHV-6 DNAemia on the time to neutro-
phil and platelet engraftment [11,19,25,26]. In our
cohort, we observed no effect of HHV-6 DNAemia
in neutrophil engraftment by day130, and platelet en-
graftment by days 130 and 150. The limited number
of events included in our analysis does not allow us to
draw definitive conclusions on this matter. We also
found no significant association between the occur-
rence of HHV-6 or CMV DNAemia and an increased
risk of development of high grade (II to IV) aGVHD.
This association has been previously documented for
HHV-6 [11,33], but not for CMV [33]. Again, the
scarce number of clinical events included minimizes
the significance of our analysis.

HHV-6 is known to display immunomodulating
and immunosuppressive properties, and thereby it
may lead to enhanced CMV replication [4]. In this
context, HHV-6 replication has been related to an in-
creased risk of active CMV infection and disease in
solid organ transplant recipients [4-9]. Nevertheless,
little is known about the biologic and clinical
consequences of the interaction between both beta

herpesviruses in the allo-SCT setting. Should the
role of HHV-6 in promoting CMV replication be
proven, then the documentation of HHV-6 DNAemia
could become an indication for prophylaxis against
CMV infection to prevent or minimize the effects of
such an interaction. Previous studies showed that
allo-SCT recipients experiencing HHV-6 DNAemia
are more prone to subsequently developing an episode
of active CMV infection, as determined by blood cul-
ture, pp65 antigenemia or leukocytes or plasma CMV
DNAemia [10,19,23,24,25,26,28], although this asso-
ciation did not reach significance in all series. Yet,
there is no evidence of a relationship between active
HHV-6 infection and a higher risk for CMV disease.
In our series, an association between HHV-6 DNAe-
mia and the subsequent occurrence of CMV DNAe-
mia was observed, yet most episodes of HHV-6
DNAemia had been cleared spontaneously or were in
the process of resolution at the time of CMV DNAe-
mia detection. In fact, overlapping HHV-6 and
CMV DNAemia was only observed in around half of
patients. Interestingly, the peak level of HHV-6
DNAemia in patients who subsequently developed
an episode of CMV DNAemia was comparable with
that in patients who did not. Although this observation
argues against a direct role of HHV-6 in predisposing
to the development of active CMV infection, the pos-
sibility that active HHV-6 infection triggered CMV
reactivation by a direct interaction independent of
the viral load could not be definitely rule out.

We were interested in determining whether the
occurrence of HHV-6 DNAemia had any impact on
the pattern of active CMV infection. Our data do not
support this hypothesis. First, no correlation was
found between the peak levels of HHV-6 and CMV
DNAemia. Such a correlation would be expected in
a scenario where HHV-6 directly interacts with
CMV [9].Our observation is in keepingwith a previous
report [19], but in contrast to that of others [26]. In the
latter study, however, active CMV infection was mon-
itored by CMV antigenemia assay. Second, the occur-
rence ofHHV-6DNAemia had no apparent impact on
the kinetics of active CMV infection, as assessed by the
precocity of onset, initial, and peak levels of CMV
DNAemia and the viral doubling time. Furthermore,
the duration of CMV DNAemia was comparable in
patients with or without a preceding episode of
HHV-6 DNAemia. This observation was not biased
by a different use of val(ganciclovir) in either group,
as the number of episodes preemptively treated and
the duration of antiviral courses were not significantly
different between groups.

Our data are also against a role of HHV-6 in pro-
moting CMV replication by inhibiting the reconstitu-
tion of CMV-specific T cell immunity. In a previous
study, a trend for an inverse correlation between
HHV-6 viral load and the presence of CMV-specific

Table 5. HHV-6 DNAemia as a Risk Factor for the
Development of Cytomegalovirus (CMV) DNAemia

Risk Factor HR (95% CI) P Value

1.8 (0.7-4.6) .18
4.7 (1.1-21.5) .04

1.2 (0.7-1.9) .40

Unrelated donor
HLA mismatched donor
Prednisone in GVHD
prophylaxis
HHV-6 DNAemia 1.2 (0.5-2.7) .65

HR indicates hazard ratio (95% confidence interval [CI]); GVHD,
graft-versus-host disease.
Analysis was performed by Cox proportional hazards regression.
HHV-6 DNAemia was included as a time-dependent variable.
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lymphoproliferative responses was reported [10]. We
previously showed that peripheral blood levels of
pp65 and IE-1 CMV-specific IFNg-producing
CD81 and CD41 T cells correlate with protection
against CMVDNAemia [15].Wemeasured peripheral
counts of both T cell subsets around day 30 posttrans-
plant in patients either experiencing an episode of
HHV-6 DNAemia prior to that time point or not de-
veloping it during the study period. We observed no
apparent effect ofHHV-6DNAemia on the level of re-
constitution of either T cell population, regardless of
whether CMV DNAemia subsequently developed or
not. As expected on the basis of previous investigations
of our group [15], lower levels of CMV-specific T cells
were seen in patients experiencing CMV DNAemia
than in those who remained free of it. Differences in
the type of specimen used for HHV-6 DNA detection,
the method for assessing the immune response against
CMV, or the timing of immunologic monitoring may
account for the discrepancy between our study and that
of Wang et al. [10]. We also observed that peripheral
levels of both T cell subsets by day 160 in patients
developing an episode of active CMV infection within
30 to 60 days after transplant were comparable in pa-
tients with or without a preceding episode of HHV-6
DNAemia. Taken together, the data indicated that oc-
currence of HHV-6 DNAemia had no effect either in
the reconstitution of CMV-specific immunity or in the
magnitude of the CMV-specific immune response eli-
cited by CMV replication. It remains to be determined
whether the occurrence of HHV-6 DNAemia has an
effect on recovery of CMV-specific immunity at later
times after transplant.

The temporal association between HHV-6 and
CMV DNAemia may just be the result of a severe im-
munosuppressive condition of patients that triggers vi-
ral coactivation, and not necessarily because of their
interaction. In line with this assumption, we found
the receipt of a graft from an HLA-mismatched donor
being independently associated with the occurrence of
either HHV-6 or CMV DNAemia in our cohort.
Moreover, in the multivariate model, including risk
factors that were associated significantly with the de-
velopment of CMV DNAemia in the univariate analy-
sis, HHV-6 DNAemia did not retain significance,
although a trend for an association was evident.

The earlier appearance of HHV-6 in the blood
compartment with respect to that of CMV does not
necessarily imply a different temporal pattern of reac-
tivation. In fact, precise dating of beta herpesvirus
reactivations may only be achieved by virologic moni-
toring at mucosal or tissue sites [34]. The rate of virus
replication may be a relevant factor in determining the
precocity of the onset of viral DNAemia. In this con-
text, we found the doubling time of HHV-6 was
around half that of CMV (0.9 versus 1.7 days), which
is in accordance with a previous estimation [35]. Other

pathogenetic factors, such as the ease of access into the
blood compartment and the relative stringency of vi-
rus-cell association, which may differ between both
beta herpesviruses, might also be of relevance.

In conclusion, our data favor the hypothesis that
a state of severe immunosuppression leads to HHV-6
and CMV coactivation, but argue against a role of
HHV-6 in predisposing the development of CMV
DNAemia or influencing the course of active CMV
infection.Nevertheless, validationof this assumption re-
quires further studies analyzing larger series of patients.
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6.3. Artículo 3
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Kinetics of Cytomegalovirus (CMV) pp65 and
IE-1-Specific IFNg CD8þ and CD4þ T Cells During
Episodes of Viral DNAemia in Allogeneic Stem Cell
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Management of Active CMV Infection
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The dynamics of CMV pp65 and IE-1-specific
IFNg-producing CD8þ (IFNg CD8þ) and CD4þ

(IFNg CD4þ) T cells and CMV DNAemia were
assessed in 19 pre-emptively treated episodes
of active CMV infection. Peripheral counts of IFNg
CD8þ and IFNg CD4þ T cells inversely correlated
with CMV DNAemia levels (P¼<0.001 and
P¼0.003, respectively). A threshold value of
1.3 cells/ml predicting CMV DNAemia clearance
was established for IFNgCD8þT cells (PPV, 100%;
NPV, 93%) and for IFNg CD4þ T cells (PPV, 100%;
NPV, 75%). Undetectable T-cell responses were
usually observed at the time of initiation of pre-
emptive therapy. Either a rapid (within 7 days)
or a delayed (median 31 days) expansion
of both T-cell populations concomitant with
CMV DNAemia clearance was observed in 5 and
8 episodes, respectively. An inconsistent or a lack
of expansion of both T-cell subsetswas related to
a persistent CMV DNAemia. Robust and main-
tained CMV-specific T-cell responses after CMV
DNAemia clearance and cessation of antiviral
therapy were associated with a null incidence of
relapsing infections at least during the following
month.Dataobtained in thepresent studymaybe
helpful in the design of therapeutic strategies for
the management of active CMV infections in the
allo-SCT recipient. J. Med. Virol. 82:1208–
1215, 2010. � 2010 Wiley-Liss, Inc.

KEY WORDS: cytomegalovirus; IFNg CD8þ

and CD4þ T cells; active
CMV infection; immunological

monitoring; stem cell trans-
plantation

INTRODUCTION

Pre-emptive antiviral therapy has been adopted by
most transplant centers as the first-choice strategy
for the prevention of cytomegalovirus (CMV) disease
following allogeneic stem cell transplantation (allo-
SCT) [Boeckh et al., 2003; Griffiths et al., 2008]. While
this strategy has been shown to dramatically reduce the
incidence of early CMV disease [Boeckh et al., 2003;
Ljungman, 2008], it probably results in over-treatment,
as a number of patients who would never progress to
CMV disease are treated nevertheless [Ljungman,
2006; Avetisyan et al., 2007]. Hopes have been raised
that routine immunological monitoring for CMV-spe-
cific T-cell immunity may improve the management of
active infection, leading to a more targeted use of
antivirals and allowing the identification of patients at
high risk for relapsing infections and end-organ disease.
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Nevertheless, to date, assessment of CMV-specific T-cell
immunity has not had a major impact on clinical
management of active CMV infection. In order to design
potential intervention strategies based on immuno-
logical monitoring, characterization of the kinetics of
functional CMV-specific T cells during episodes of active
CMV infection is required. Studies addressing this issue
are, however, scarce [Aubert et al., 2001; Foster et al.,
2002; Widmann et al., 2008]. Resolution of episodes of
active CMV infection in the allo-SCT setting appears to
be ultimately dependent on the expansion of functional
CMV-specific T cells in response to CMV replication
[Quinnan et al., 1982; Reusser et al., 1991; Riddell et al.,
1992]. In this regard, we have previously shown that the
lack of prompt expansion of CMV pp65 and IE-1-specific
IFNg-producing CD8þ (IFNg CD8þ) and CD4þ (IFNg
CD4þ) T cells is associated with rising levels of pp65
antigenemia andDNAemia during pre-emptive therapy
and prolonged duration of antiviral treatment [Tormo
et al., 2010]. In the present study, the dynamics of CMV-
specific IFNg CD8þ and IFNg CD4þ T cells, which we
have previously shown to confer protection against
CMV infection [Solano et al., 2008], and those of CMV
DNAemia were assessed in a number of episodes of
active CMV infection. Data obtained in the present
study are of potential interest for the therapeutic
management of active CMV infections in the allo-SCT
recipient.

MATERIALS AND METHODS

Patients

Patients undergoing allo-SCT between December
2008 and May 2009 at the participating hospitals were
eligible for inclusion. The study was approved by the
Ethics Committees. All patients gave their informed
consent to participate in the study. CMV-seronegative
patients receiving a graft from a CMV-seronegative
donor were not included in the study. Only episodes
of active CMV infection treated pre-emptively were
included for analysis. The end of the study period was
June 22, 2009. Clinical and demographic data of the
patients are shown in Table I.

Management of Active CMV Infection

Virological monitoring of CMV infection was per-
formed by use of the pp65 antigenemia assay (Diag-
nostics1 CMV pp65 Antigenemia Immunofluorescence
assay, Chemicon International, Temecula, CA), and/or
a plasma real-time PCR assay (CMV real-time PCR,
Abbott Molecular, Des Plaines, IL, or LightCycler CMV
Quant Kit, Roche, Branchburg, NJ) as previously
reported [Solano et al., 2001; Gimeno et al., 2008]. Pre-
emptive therapy with oral valganciclovir (900mg/12hr)
or i.v. ganciclovir (5mg/kg/12 hr) was initiated upon a
positive antigenemia result (�1pp65 positive cells/
200,000 cells) or detection of >1,000 CMV DNA copies/
ml in plasma depending on the participant institution,
and discontinued following two consecutive negative

antigenemia or plasma PCR results (also depending on
the participant hospital) obtained 3–7 days apart
after a minimum of 2 weeks of treatment. Foscarnet
(i.v. 60mg/kg/12 hr) was used instead of ganciclovir in
patients with severe neutropenia, and in some patients
not responding to ganciclovir therapy after 3 weeks of
treatment. For analysis purposes, the duration of a
given episode was that comprised between the day of
initiation of pre-emptive therapy and the day of the first
negative DNAemia result. Diagnosis of CMV disease
was achieved as previously reported [Solano et al.,
2001; Gimeno et al., 2008]. When clinically indicated,
patients received transfusions of leukocyte-depleted
and irradiated packed red cells and platelets.

Immunological Monitoring

Enumeration of CMV-specific IFNg CD8þ and IFNg
CD4þ T lymphocytes was carried out by flow cytometry
for ICS (BD Fastimmune, BD-Beckton Dickinson
and Company-Biosciences, San Jose, CA) as described
previously [Solano et al., 2008]. Briefly, whole bloodwas
simultaneously stimulated with two sets of 15-mer
overlapping peptides encompassing the sequence of
pp65 and IE-1 CMV proteins (2 mg/ml/peptide),
obtained from JPT peptide Technologies GmbH (Berlin,
Germany), in the presence of 1 mg/ml of costimulatory
mAbs to CD28 and CD49d for 6hr at 378C. Brefeldin A
(10 mg/ml) was added for the last 4 hr of incubation Cells

J. Med. Virol. DOI 10.1002/jmv
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TABLE I. Demographic and Clinical Data of the Patients

Parameter

18
52.5 (17–67)

12/6

Patients
Median age, years (range)
Sex, no. male patients/no. female patients
Diagnosis, no. patients (%)

8 (44)
4 (22)
3 (16)
2 (11)

Non-Hodgkin’s lymphoma
Acute myeloid leukemia
Multiple myeloma
Myelodysplastic syndrome
Chronic lymphocytic leukemia 1 (6)

CMV serostatus, no. patients (%)
9 (50)
6 (33)

Dþ/Rþ
D�/Rþ
Dþ/R� 3 (16)

Donor type, no. patients (%)
10 (55)
5 (28)

HLA-identical sibling
Matched unrelated donor
Mismatched related donor 3 (16)

Conditioning regimen, no. patients (%)
Non-myeloablative 14 (77)

4 (22)Myeloablative
Stem cell source

16 (88)
1 (6)

Peripheral blood
Umbilical cord blood
Bone marrow 1 (6)

Acute or chronic GvHD during episodes of

12 (66)
active CMV infection
Grades 0–I
Grades II–IV 6 (33)

D, donor; R, recipient; þ, CMV seropositive; �, CMV seronegative;
GvHD, graft versus host disease.

CMV-Specific Immunity During Episodes of CMV DNAemia
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were permeabilized and stained with a combination of
labeled moAbs (anti-IFNg-FITC, anti-CD69-PE, anti-
CD4 or CD8-PerCP-Cy5.5 and anti-CD3-APC when the
IFNg CD8þ kit was used). Cells were analyzed on a
FACSCalibur flow cytometer using CellQuest software
(BD Biosciences Immunocytometry Systems, San Jose,
CA). CD4þ and CD8þ events were gated and then
analyzed for the CD69 activation marker and IFNg
production. The total number of CMV-specific IFNg
CD4þ and IFNg CD8þ T cells was calculated by multi-
plying thepercentages ofCMV-specificT cells producing
IFNg upon stimulation (after background subtraction)
by the absolute CD4þ and CD8þ T cell counts. The
specific responses were considered those>0.1% for both
CD4þ and CD8þ T cells.
Immunological monitoring was performed once or

twice a week during episodes of active CMV infection.
For some patients, several blood samples drawn after
resolution of the episode of active CMV infection
were available for immunological analysis. A total of
146 blood samples from the 18 patients (median
7 samples; range, 2–15 samples) were analyzed.

Sequence Analysis of the UL54 and UL97 Genes

CMV DNA extraction from plasma specimens was
carried out using the High Pure nucleic acid kit
(Roche Diagnostics, GmbH, Manheim, Germany). The
extracted viral DNA was used as a template for
amplification of a 975 bp region of the UL97 gene
spanning codons 429–753, and two regions of the
UL54 gene spanning codons 345–625, and 645–1,013,
as previously described [Tormo et al., 2009]. The PCR
products were purified by the QIAquick purification kit
(Qiagen GmbH, Hilden, Germany), sequenced by the
ABI Prism BigDye Terminator Cycle Sequencing Kit
v3.1 (PE Applied Biosystems, Foster City, CA), and
analyzed on an ABI 310 automated DNA sequencer.

Statistical Analysis

Data were analyzed with the aid of the statistical
package SPSS (version 15.0). Comparisons were carried
out using thenon-parametricMann–WhitneyU-test for
unpaired continuous data and the Wilcoxon test for
paired continuous data. The Spearman rank test was
used for analysis of correlation between continuous
variables. For calculation purposes undetectable CMV-
specific responseswere computed as 0 cells/ml. AP-value
<0.05 was considered statistically significant.

RESULTS

Features of Episodes of Active CMV Infection

Nineteen episodes of active CMV infection (in
18 patients) were included for analysis. The episodes
occurred at a median of 56 days post-transplant (range,
14–330 days). Thirteen out of the 19 episodes
(in 12 patients) resolved within the study period
(Table II). The remaining 6 episodes (in six patients)
were still active at the end of the follow-up, after a
median of 30 days (range, 14–97 days) of initiation of
pre-emptive therapy (Table III). Three out of these six
patients died during the study period (the cause of death
was bacterial sepsis in one patient and severe GvHD in
the other two patients).

CMV-Specific T Cells at the Time of
Initiation of Pre-Emptive Therapy

We firstly assessed the CMV-specific T-cell response
at the time of initiation of pre-emptive therapy. Blood
samples for immunological analysis were available
from 14 episodes (9 of them developed before day 100
post-transplant).Undetectable IFNgCD8þandCD4þT-
cell responseswere observed in 13 out of the 14 episodes.
In the remaining episode, which was still active at the
end of the follow-up, low levels of both CMV-specific T-

J. Med. Virol. DOI 10.1002/jmv

TABLE II. Virological and Immunological Data of Episodes of Active CMV Infection, the Resolution of Which Occurred During
the Study Period

Episode (day PT)

CMV DNAemia (copies/ml) CMV-specific T-cell response IFNg CD8þ/IFNg CD4þ (cells/ml)

Initial Peak Duration (days) First detected response (day) At first negative PCR (day)

1 (232) 1,125 1,125 7 15.13/0.12 (7) —a

2 (115) 800 800 3 2.09/1.61 (3) —
3 (293) 2,460 2,460 7 15.20/5.20 (7) —
4 (41) 890 890 7 14.01/1.90 (7) —
5 (40) 1,800 1,800 6 1.31/0.43 (6) —
6 (59) 560 1,200 15 0.90/0.38 (15) —
7 (14) 1,100 3,200 16 1.45/0.67 (16) —
8 (30) 1,100 6,200 94 0.50/0.40 (21) 6.24/0.55 (94)
9 (26) 1,980 1,980 20 0.65/0.19 (7) 0.82/0.56 (20)
10 (53) 3,600 4,560 55 0.21/0.62 (21) 2.46/1.23 (55)
11 (63) 1,270 3,700 61 0.22/0.01 (7) 1.36/0.48 (61)
12 (27) 1,200 3,100 31 0.67/0.06 (5) 4.34/0.70 (31)
13 (65) 7,200 15,110 31 1.28/0.46 (9) 10.62/0.35 (31)

PT, post-transplant.
Day in the column for the first detected CMV-specific T-cell responses refers to days after initiation of pre-emptive therapy. Episodes 2 and 3
developed in the same patient.
aFirst detected response concomitant with first negative PCR.

1210 Tormo et al.
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cell subsets were detected (0.03 IFNg CD8þ T cells/ml
and 0.26 IFNg CD4þ T cells/ml). Nine out of the
14 episodes resolved within the study period, with
the time to negative conversion of CMV DNAemia
varying widely (3–94 days), while no control of CMV
replication was achieved in the remaining 5 episodes.
These data indicated that peripheral levels of IFNg
CD8þ and IFNg CD4þ T cells at the time of initiation
of pre-emptive therapy were not predictive of the
virological outcome of the episode.

Kinetics of CMV-Specific T Cells and CMV
DNAemia During Episodes of Active

CMV Infection

We investigated the dynamics of both CMV-specific
T-cell subsets and CMV DNAemia during 19 pre-
emptively treated episodes of active CMV infection.
Overall, peripheral counts of IFNg CD8þ and IFNg
CD4þ T cells inversely correlated with CMV DNAemia
levels (s¼�0.806;P¼<0.001, ands¼�712;P¼0.003,
respectively), yet detectable CMV-specific T-cell
responses were observed in the presence of CMV
DNAemia at some time points, both in unresolved
episodes and in episodes which eventually cleared. We
found however, that IFNg CD8þ (median, 0.38 cells/ml;
range, 0.03–1.28 cells/ml) and IFNg CD4þ (median,
0.32 cells/ml; range, 0.06–1.27 cells/ml) T-cell levels in
the presence of CMVDNAemia were significantly lower
(P¼<0.000 for IFNg CD8þ and P¼<0.003 for IFNg
CD4þ T cells) than IFNg CD8þ (median, 2.46 cells/ml;
range, 0.82–15.02 cells/ml) and IFNg CD4þ (median
0.56 cells/ml; range, 0.12–5.2 cells/ml) T-cell levels at
the time of the first negative PCR result. Taking into
consideration the peak value for IFNg CD8þ T cells
(1.28 cells/ml) found in the presence of CMVDNAemia, a
threshold value of 1.3 cells/ml predicting CMVDNAemia
clearance (negative PCR) was established in our cohort
(PPV, 100%;NPV, 93%). A certain degree of overlapwas
found between IFNg CD4þ T cell values in the presence
of CMV DNAemia and those at the time of the
first negative PCR result. Thus, setting a threshold
(1.3 cells/ml) above the peak value (1.27 cells/ml) found in
the presence of CMVDNAemia resulted in a lower NPV

(75%).Therefore, thenumber of IFNgCD8þTcellswas a
more reliable marker for predicting CMV DNAemia
clearance in our cohort.

Three different kinetic patterns of IFNg CD8þ and
IFNg CD4þ T cells were observed in relation to CMV
DNAemia: (i) a rapid expansion within the first week
after initiation of pre-emptive therapy (median 7 days;
range, 3–7 days) concomitant with CMV DNAemia
clearance was observed in 5 episodes (see episodes 1–5
inTable II).Anexpansionwithin the thirdweek (days15
and 16) was observed in two additional episodes (see
episodes 6 and 7 in Table II). Overall, median increases
of 2.09 IFNg CD8þ T cells/ml (range, 0.9–15.13 cells/ml)
and of 0.67 IFNgCD4þT cells/ml (range, 0.12–5.20 cells/
ml) from baseline were observed in these episodes. None
of these patients was under corticosteroid treatment
during the episode of active CMV infection. Figure 1A
depicts a representative episode of this kinetics pattern
(episode 4 in Table II); (ii) an early expansion (median
8 days; range, 5–21 days) of a lowermagnitude (median
increase of 0.57 IFNg CD8þ T cells/ml; range, 0.21–
1.2 cells/ml; P¼ 0.02, and of 0.29 IFNg CD4þ T cells/ml;
range, 0.01–0.62; P¼ 0.063) than that observed in
rapidly cleared episodes with delayed resolution of
CMV DNAemia (median 31 days, range, 20–94 days),
concomitant with a further expansion of both T-cell
subsets (median increase of 3.05 IFNg CD8þ T cells/ml
and of 0.42 IFNgCD4þT cells/ml;P¼0.001 andP¼ 0.04,
respectively)was observed in6 episodes (see episodes 8–
13 in Table II); Figure 1B illustrates a representative
example of this kinetics pattern (data for the episode 8 in
Table II). The two longest episodes (episodes 8 and 11)
occurred in patients under treatment with corticoste-
roids for grade III–IV GvHD, and their resolution
was coincident with steroid dose tapering; (iii) An
inconsistent or a lack of expansion of IFNg CD8þ

(median, 0.06 cells/ml) and IFNg CD4þ T cells (median,
0.22 cells/ml; P¼0.001 and P¼ 0.03, respectively, in
relation to T-cell increases measured in cleared epi-
sodes) with persistent CMV DNAemia that was still
detectable at the end of the follow-up period was seen in
6 episodes (Table III). Three out of these 6 episodes
developed while patients were under corticosteroid
therapy for severe GvHD. Figure 1C shows the data
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TABLE III. Virological and Immunological Data of Episodes of Active CMV Infection That Were Still Active at the End of the
Study Period

Episode (day PT)

CMV DNAemia (copies/ml)
CMV-specific T-cell response

IFNg CD8þ/IFNg CD4þ (cells/ml)

TreatmentInitial Peak (day) First detectable response (day) Peak level (day)

1 (330) 2,390 3,790 (7) 0.96/0.19 (20) —a FOS/VGCV
2 (62) 2,320 35,450 (12) 1.28/1.27 (8) — VGCV
3 (160) 1,350 10,200 (30) 0.03/0.06 (7) — VGCV
4 (42) 5,440 5,500 (9) 0.09/0.46 (9) — FOS
5 (55) 5,600 23,450 (19) ND ND VGCV
6 (36) 720 1,290 (23) 0.03/0.26 (0) 0.53/0.66 (8) GAN

FOS, foscarnet; VGCV, valganciclovir; GAN, ganciclovir; ND, not detectable; PT, post-transplant.
Day in columns refers to days after initiation of pre-emptive therapy.
aThe peak level was the first detected response.
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for a representative case (episode 1 in Table III). The
latest plasma samples available from the longest
unresolved episodes (episodes 1 and 2 in Table III) were
screened for the presence of mutations known to confer
resistance to ganciclovir or foscarnet. No mutations
were found in either sample.

CMV-Specific T Cells After CMV DNAemia
Clearance and Relapsing Infections

None of the 12 patients in whom the episode of CMV
DNAemia resolved during the study period experienced
a relapsing episode at least during the following month
(only one of these patients received maintenance
valganciclovir therapy after CMVDNAemia clearance).
Episodes 2 and 3 in Table II developed in the same
patient. However, the relapsing episode occurred
6 months after the resolution of the preceding one.
Blood samples obtained at the time of interruption of
antiviral therapy (second antigenemia test or PCR
giving a negative result) were available for 8 episodes.
A median of 2.8 IFNg CD8þ T cells/ml (range, 0.68–
19.5 cells/ml) and of 0.38 IFNg CD4þ T cells/ml
(range, 0.19–2.28 cells/ml) was found. Follow-up sam-
ples obtained after cessation of antiviral therapy (range,
3–86 days) were available from 4 episodes. Detectable
though fluctuating levels of both IFNg CD8þ and IFNg
CD4þ T cells were observed over time (see the Fig. 1,

panel A for a representative example), with a median of
5.1 IFNg CD8þ T cells/ml (range, 0.57–47.7 cells/ml) and
0.41 IFNg CD4þ T cells/ml (range, 0.19–3.31 cells/ml).

CMV-Specific T Cells in Patients
With CMV Disease

CMV enteritis was diagnosed in three patients in the
setting of corticosteroid treatment for GvHD (Table II,
episode 13, and Table III, episodes 4 and 5). In all
cases, undetectable CMV-specific T-cell responses were
observed at the onset of the clinical manifestations of
the disease. Interestingly, in patient 12 (episode 13 in
Table II), CMV DNAemia clearance and a notable
improvement in clinical symptoms were related to a
marked expansion of IFNgCD8þT cells, which occurred
after steroid dose tapering. The remaining two patients
failed to expand CMV-specific T cells and had persistent
CMVDNAemia. Both patients died during the follow-up
period.

DISCUSSION

Several conclusions can be drawn from our data.
Firstly, peripheral counts of both IFNg CD8þ and
IFNg CD4þ T-cell subsets inversely correlated with
CMV DNAemia levels during episodes of active CMV
infection. Similar data were obtained in earlier studies
using pp65 peptide-tetramers [Aubert et al., 2001] or

J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Representative patterns of kinetics of CMV pp65 and IE-1-
specific IFNg-producing CD8þ (IFNg CD8þ—open circles) and CD4þ

(IFNg CD4þ) T cells (black diamonds) and CMV DNAemia (triangles)
during episodes of active CMV infection.A: Patient displaying an early
expansion ofCMV-specificT cells (specially involving the IFNgCD8þT-
cell subset) concomitant with CMV DNAemia resolution. Fluctuating
levels of both T-cell populations were observed after interruption of
antiviral therapy in the absence of CMV DNAemia. B: Patient
displaying an early expansion of both functional T-cell populations

with delayed clearance of CMV DNAemia concomitant with a further
expansion of CMV-specific T cells; Fluctuating levels of both T-cell
subsets were observed prior to ultimate expansion leading to CMV
DNAemia resolution (C) Patient failing to expand either CMV-specific
functional T-cell subset anddisplayingpersistentCMVDNAemia. This
patient was under antiviral therapy throughout the observational
period. The arrow (AT) points out to the time atwhich antiviral therapy
was interrupted.
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ICS [Widmann et al., 2008] to assess the CMV-specific
CD8þ and CD4þ T-cell responses, respectively. In the
latter study, however, levels of CMV peptide-specific
CD8þ T cells did not correlate with viremia [Widmann
et al., 2008]. In another study [Avetisyan et al., 2007],
patients who had detectable CMV-specific IFNg CD3þ

T-cell responses at week 4 after allo-SCT displayed
lower peak mean viral loads compared with patients
who lacked a detectable response. Furthermore, the
degree of decline in CMV-specific T cells early after
transplant has been associated with the development of
CMV viremia [Eid et al., 2009]. In our study, themedian
levels of both CMV-specific functional T-cell subsets
were significantly lower in the presence of CMV
DNAemia than at the time of the first negative PCR
result. A threshold value of 1.3 cells/ml for both T-cell
populations predicting CMV DNAemia clearance was
established in our cohort, the number of IFNg CD8þ T
cells being a more reliable marker. These cut-off cell
levels are remarkably close to those previously deter-
mined by us [Solano et al., 2008] and by other groups
[Hebart et al., 2002; Ohnishi et al., 2005; Lilleri et al.,
2008;Moins-Teisserenc et al., 2008; Pourgheysari et al.,
2009] (different functional T-cell types) providing
protection against development of CMV antigenemia
or DNAemia.
Secondly, in agreement with a previous report by our

group [Solano et al., 2008], we found that ultimate
control of CMV replication in the course of antiviral
therapy depended on a robust and sustained expansion
of IFNg CD8þ T cells, and—to a lesser extent—of IFNg
CD4þ T cells. A notable expansion of both T-cell subsets
concomitant with CMVDNAemia clearance was seen as
soon as one week after initiation of pre-emptive therapy
in 5 episodes, although, overall, T-cell expansion
controlling CMV replication was observed at a median
of 15 days after implementation of therapy. In line with
our findings, the peak median level of expanding pp65-
specific functional CD8þ T cells was reported to occur
around 20 days after CMV reactivation [Hakki et al.,
2003]. In contrast, failure to expand both functional
T-cell populations in response to CMV replication
resulted in persistent CMV DNAemia despite antiviral
treatment and the fact that the emergence of resistant
strains was not documented (in the two longest
episodes).
Three out of the 6 episodes that remained active at the

end of the follow-up occurred in the setting of cortico-
steroid therapy for GvHD, supporting the well known
fact that corticosteroids impair the reconstitution of
the CMV-specific T-cell response in a dose-dependent
manner [Hakki et al., 2003; Gratama et al., 2008].
Thirdly, the marked expansion of functional CMV-

specific T cells and the maintenance of peripheral pools
of these T-cell subsets after CMV DNAemia clearance
and cessation of antiviral therapy prevented the
occurrence of relapsing episodes of active CMV infection
at least during the followingmonth.Asimilar conclusion
was reached in earlier studies [Lilleri et al., 2008;
Gratama et al., 2008; Moins-Teisserenc et al., 2008].

Three patients developed CMV enteritis. In accord-
ancewithaprevious report [Avetisyanetal., 2006], inall
cases clinical onset of disease occurred in the face of
undetectable IFNg CD8þ and CD4þ T-cell responses.
One of these patients recovered from CMV disease,
and clinical improvement, as well as CMV DNAemia
clearance, was concomitant with a robust expansion of
both functional CMV-specific T-cell populations.
Our data may have several implications for the

therapeutic management of active CMV infection in
the allo-SCT recipient. A strategy of deferred antiviral
therapy based on the detection of a CMV-specific
immune response by ELISPOT at the time of CMV
DNAemia detection was safely applied in a number
of patients late (around 3 months) after transplant
[Avetisyan et al., 2007]. In our cohort, however, no
patient stratification could be established according to
the magnitude of the CMV-specific T-cell response at
the time of initiation of pre-emptive therapy, as all but
one patient displayed undetectable responses. The lack
of a detectable CMV-specific T-cell response, however,
was not predictive of the outcome of CMV infection in
terms of the duration of CMV DNAemia. Thus, no
patients from our cohort would have benefited from
the abovementioned strategy. Our study and that of
Avetisyan et al. [2007], however, differ in the method
employed for enumeration of CMV-specific functional T
cells, and most importantly, in the time frame in which
active CMV infections occurred (early after transplant
in most of our patients and late after transplant in
theirs). Further studies are required to determine the
clinical usefulness of this therapeutic approach.
Early interruption (or dose reduction) of pre-emptive

therapy provided that a significant expansion of CMV-
specific T cells is documented may be a potential
intervention strategy based on immunological monitor-
ing. Our data indicate that peripheral levels of CMV-
specific IFNgCD8þT cells above 1.3 cells/ml, whichwere
shown to be associated with CMV DNAemia clearance,
might be a reasonable threshold at which to interrupt
antiviral therapy. Our data do not allow us to be certain
about the virological efficacy and clinical safety of this
approach, as the antiviral therapy course was not
suspended in our patients until a second negative
antigenemia or PCR result. This question can only be
answered by means of a controlled clinical trial.
Relapsing episodes of active CMV infection develop at

an exceedingly high rate following the implementation
of short duration pre-emptive treatment regimens
[Gimeno et al., 2008]. We have previously shown that
their occurrence is related to the presence of low
peripheral levels of CMV-specific functional T cells after
resolution of the preceding episode [Tormo et al., 2010].
Data obtained in the present study extend our previous
observation. In effect, peripheral levels of both T-cell
subsets above the abovementioned cut-off at the time of
virological clearance and interruption of antiviral
therapy consistently prevented the occurrence of relaps-
ing episodes. In these patients a sustained but rather
fluctuating CMV-specific T-cell response was observed.
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On the basis of this finding, maintenance antiviral
therapy should be administered after CMV DNAemia
clearance provided that protective levels of functional
CMV-specific T cell are not reached at the end of the
antiviral therapy course.
Adoptive transfer of CMV-specific functional T cells is

a therapeutic option in episodes of activeCMV infections
that do not respond to antiviral therapy [Einsele et al.,
2008]. According to our data, a lack of consistent
expansion of CMV-specific T cells is associated with
persistent CMV DNAemia, even in the absence of
proven resistance to antivirals. In this sense, it would
be reasonable to consider this therapeutic strategy,
rather than switching antiviral therapy, in patients
failing to respond to antivirals after 4 weeks of treat-
ment (time at which expansion of functional CMV-
specific T cells eventually controlling CMV replication
was documented in most of cleared episodes in our
cohort), provided that corticosteroid therapy is not
underway, and that emergence of antiviral-resistant
strains is ruled out.
In summary, our data suggest that routine immuno-

logical monitoring during episodes of CMV DNAemia
may yield useful information for the therapeutic
management of active CMV infection in allo-SCT
recipients. Larger studies are nevertheless needed in
order to verify this assumption.
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López-Aldeguer N, Hernández-Boluda JC, Remigia MJ,
Garcia-Noblejas A, Gimeno C, Navarro D. 2010. Lack of prompt
expansion of cytomegalovirus pp65 and IE-1-specific IFNgamma

CD8(þ) and CD4(þ) T cells is associated with rising levels of pp65
antigenemia and DNAemia during pre-emptive therapy in
allogeneic hematopoietic stem cell transplant recipients. Bone
Marrow Transplant 45:543–549.
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Reconstitution of CMV pp65 and IE-1-specific IFN-c CD8þ and

CD4þ T-cell responses affording protection from CMV DNAemia

following allogeneic hematopoietic SCT
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Threshold levels of CMV-specific T-cell populations
presumably affording protection from active CMV infec-
tion in allo-SCT recipients have been proposed, but
lack extensive validation. We quantified CMV pp65
and immediate-early 1-specific IFN-c CD8þ and CD4þ

T cell responses at days þ 30, þ 60 and þ 90 after
transplantation in 133 patients, and established cutoff cell
levels protecting from CMV DNAemia within the
first 120 days after transplantation. No patients showing
IFN-c CD8þ or IFN-c CD4þ T-cell counts 41.0 and
41.2 cells/lL, respectively, developed a subsequent epi-
sode of CMV DNAemia. Initial or recurrent episodes of
CMV DNAemia occurred in the face of IFN-c T-cell
levels below defined thresholds. Negative predictive values
at day þ 30 for the IFN-c CD8þ and CD4þ T-cell
markers were 68.1 and 61.8%, respectively. Recipients of
grafts from CMV seropositive, related or HLA-matched
donors, or receiving non-myeloablative conditioning had
nonsignificant tendencies to reach more frequently pro-
tective levels of both T-cell subsets at early and late (day
þ 365) times after transplantation. The use of anti-
thymocyte globulin and umbilical cord blood transplant-
ation were associated with impaired CMV-specific T-cell
reconstitution. CMV-specific IFN-c CD8þ and CD4þ

T-cell recovery occurred irrespective of detectable CMV
DNAemia.
Bone Marrow Transplantation (2011) 46, 1437–1443;
doi:10.1038/bmt.2010.330; published online 17 January 2011
Keywords: CMV; T-cell immunity; CMV DNAemia;
IFN-g-producing T cells; pp65; immediate-early 1

Introduction

Protection from active CMV infection in the allo-SCT setting
is critically dependent on reconstitution of functional CMV-
specific CD8þ and CD4þ T cells.1–5 Quantification of CMV-
specific T cells has been shown to be potentially helpful in
identifying patients at higher risk for developing CMV-related
clinical complications.6 Pre-emptive antiviral therapy, currently
the strategy of first choice to prevent the occurrence of CMV
end-organ disease in allo-SCT recipients,7 leads to significant
over-treatment, which may result in toxicity, development of
antiviral resistance or late-onset CMV disease.8 Hopes have
been raised that routine immunological monitoring may
lead to a more targeted use of pre-emptive therapy. Several
surrogate immunological markers for adaptive immune
competence against CMV have been proposed.6 Moreover,
threshold levels of certain CMV-specific T-cell populations
presumably affording protection from active CMV infection
and disease have been temptatively established, though their
clinical utility awaits further validation.9–16 In a pilot study,
we showed that quantification of CD8þ and CD4þ T cells
producing IFN-g on stimulation with two peptide libraries
encompassing the entire sequence of pp65, and IE-1 allowed
the identification of patients presumably protected from
CMV DNAemia early after transplantation.14 A protective
threshold level in the number of both IFN-g T-cell subsets
showing maximum specificity was established (41.0 cell/mL
for IFN-g CD8þ T cells and 41.2 cells/mL for and IFN-g
CD4þ T cells). In this study, we further tested the predictive
value of the aforementioned threshold cell levels in a large
cohort of allo-SCT recipients, and investigated the effects of
pre-transplant, clinical and virological factors on the rate
and magnitude of early and long-term reconstitution of
both CMV-specific IFN-g T-cell populations.

Patients and methods

Patients
The study group consisted of 133 patients who had
undergone T-cell-replete allo-SCT between January 2007
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and May 2009 at four Spanish hospitals. Patients were
followed up to 1 year after transplantation. The demo-
graphic and clinical characteristics of patients are summar-
ized in Table 1. The study was approved by the respective
ethics committees, and all patients gave their informed
consent to participate.

Virological monitoring and management of active CMV
infection
Virological monitoring of active CMV infection was
performed by the pp65 antigenemia assay (Diagnostics
CMV pp65 Antigenemia Immunofluorescence assay, Che-
micon International, Temecula, CA, USA) and/or by a
plasma real-time PCR assay (CMV real-time PCR, Abbott

Molecular, Des Plaines, IL, USA or LightCycler CMV
Quant Kit, Roche, Branchburg, NJ, USA) as previously
reported.14,17 Pre-emptive therapy with oral valganciclovir
(900mg/12 h), i.v. ganciclovir (5mg/kg/12 h) or i.v. foscar-
net (60mg/kg/12 h) was initiated and discontinued follow-
ing previously published criteria.14 CMV end-organ disease
was diagnosed and treated as previously reported.18

Immunological monitoring
Enumeration of CMV-specific IFN-g-producing CD8þ

and CD4þ T cells was carried out by flow cytometry
for ICS (BD Fastimmune, BD-Beckton Dickinson and
Company-Biosciences, San Jose, CA, USA) as previously
described.14 Two sets of 15-mer overlapping peptides
encompassing the entire sequence of CMV pp65 and IE-1
proteins were simultaneously used for stimulation. Im-
munological monitoring was scheduled to be performed at
days þ 30, þ 60, þ 90 and þ 365 following allo-SCT.

Statistical analysis
Data were analyzed with the aid of the statistical package
SPSS (Chicago, IL, USA, version 17.0). Frequency compar-
isons were carried out using the w2-test (Fisher’s exact test)
for categorical variables. Differences between medians were
compared using the Mann–Whitney U-test (two indepen-
dent variables) or the Kruskal–Wallis test (k independent
variables) for unpaired data. The Spearman’s rank test was
used for analysis of correlation between continuous variables.
Two-sided exact P-values are reported. A P-valueo0.05 was
considered statistically significant.

Results

Incidence of CMV DNAemia and CMV end-organ disease
In all 89 (66.9%) out 133 patients developed one (n¼ 74) or
more (n¼ 15) episodes of CMV DNAemia (in total, 106
episodes) within the study period. All these episodes were
pre-emptively treated. Univariate analysis revealed a
significant association between receipt of grafts from
HLA-mismatched or unrelated donors and the develop-
ment of CMV DNAemia (Table 2). CMV end-organ
disease developed in 10 patients (7.5%; two pneumonitis,
seven gastrointestinal disease and one retinitis) and was not
significantly associated with any pre-transplant or clinical
factor subjected to analysis (not shown).

CMV-specific IFN-gþ CD8þ and IFN-g CD4þ T-cell
threshold levels predicting protection from CMV DNAemia
Blood specimens from 116 patients obtained at day þ 30
(median, 35 days; range, 12–49 days) were available for
immunological analysis. In all, 23 of these patients had an
episode of CMV DNAemia before or at the time of sample
collection and were excluded from analysis. In all, 27 out of
the remaining 93 patients developed CMV DNAemia after
the time of immunological monitoring. Peripheral levels of
CMV-specific IFN-g CD8þ and CD4þ T cells were
significantly lower (Po0.001) in patients who later
experienced CMV DNAemia (median, 0 cells/mL for both
T-cell subsets) than in those who did not (median 1.0 cells/mL,

Table 1 Demographic and clinical data of the patients

Parameter No. of patients (%)

133
47 (16–70)

Patients
Median age, years (range)
Sex, no. of male patients/no. of female patients 86/47

Underlying disease
40 (30.1)
27 (20.3)
16 (12.1)
14 (9.1)
9 (6.8)
8 (6.5)
6 (4.5)
5 (3.8)
3 (2.3)
2 (1.5)

Acute myeloid leukaemia
Non-Hodgkin’s lymphoma
Acute lymphocytic leukaemia
Plasma cell disorders
Myelodysplastic syndrome
Hodgkin’s lymphoma
Chronic lymphocytic leukaemia
Myeloproliferative syndrome
Chronic lymphocytic leukaemia
Aplastic anemia
Others 2 (1.5)

CMV serostatus
D+/R+ 77 (57.9)
D�/R+ 46 (34.6)
D+/R� 10 (7.5)

Donor type
81 (60.9)
22 (16.5)
6 (4.5)

HLA-identical sibling
Matched unrelated
Mismatched related
Mismatched unrelated 24 (18.1)

Conditioning regimen
74 (55.6)Non-myeloablative

Myeloablative 59 (44.4)

Stem cell source
114 (85.7)
11 (8.3)

Peripheral blood
Umbilical cord blood
Bone marrow 8 (6.0)

GvHD prophylaxis
93 (69.9)
22 (16.5)
12 (9.1)

CsA+MTX
CsA+MMF
CsA+MTX+ATG
Others 6 (4.5)

Acute GvHD
Grades 0–I 83 (62.4)
Grades II–IV 40 (37.6)

Abbreviations: ATG¼ anti-thymocyte globulin; D¼ donor; MMF¼myco-
phenolate mofetil; R¼ recipient.
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for IFN-g CD8þ T cells; median 0.84 cells/mL, for IFN-g
CD4þ T cells). Individual data are shown in Figure 1.

No patients showing either IFN-g CD8þ (n¼ 24), IFN-g
CD4þ (n¼ 17) T-cell counts 41.0 cells/mL and 41.2 cells/
mL, respectively, or both (n¼ 14) at day þ 30 developed
CMV DNAemia during the study period (positive pre-
dictive value of 100% for both T-cell markers). The
negative predictive values for the IFN-g CD8þ T-cell
marker, the IFN-g CD4þ T-cell marker, for either one
marker, and for the combination of both were 68.1, 61.8,
71.2 and 59.4%, respectively.
Patients showing levels of either IFN-g T-cell subset

above thresholds at day þ 30 remained protected during
the entire study period (not shown).
Immunological data at days þ 60 and þ 90 were

available from 22 and 40 patients, respectively, who had
developed and cleared an episode of CMV DNAemia. No
patients exhibiting either CMV-specific IFN-g CD8þ or
IFN-g CD4þ T-cell levels above the established thresholds
for protection had a recurrent episode of CMV DNAemia,
which only occurred (n¼ 9) in the face of IFN-g CD8þ and
IFN-g CD4þ T-cell levels below thresholds.

Effects of pre-transplant, clinical and virological factors on
early and long-term reconstitution of CMV-specific IFN-g
CD8þ and CD4þ T-cell responses
Overall, the percentage of patients presumably protected
from CMV DNAemia (either IFN-g T-cell subset above
defined thresholds) at days þ 30, þ 90 and þ 365 (median,
þ 360; range, þ 304 to þ 405) were 27.9% (26 out of 93),
67% (52 out of 77) and 89.1% (49 out of 55), respectively.
Among patients with no previous CMV DNAemia,

peripheral levels of CMV-specific IFN-g CD8þ and IFN-g
CD4þ T cells at day þ 30 were significantly higher in
patients who had received transplants from CMV seropo-
sitive (medians, 0.33 cell/mL and 0.22 cell/mL, respectively)
or related donors (medians, 0.30 and 0.36 cell/mL, respec-
tively), compared with patients receiving transplants from
CMV seronegative (median 0 cell/mL for both T-cell
subsets; P¼ 0.039, and P¼ 0.05, respectively) or unrelated
donors (median 0 cell/mL for both T-cell subsets; P¼ 0.020
and P¼ 0.023, respectively). Use of anti-thymocyte globu-
lin (ATG) had a significant impact on the magnitude of
IFN-g CD8þ and IFN-g CD4þ T-cell responses at this
time point (P¼ 0.025 and P¼ 0.024, respectively), as did
the source of stem cells, patients receiving umbilical cord
blood transplants showing significantly lower levels of both
IFN-g T-cell subsets than those receiving BM or peripheral
stem cell transplants (P¼ 0.025 for IFN-g CD8þ T cells,
and P¼ 0.046 for IFN-g CD4þ T cells). Patients receiving
transplants from HLA-matched donors, undergoing non-
myeloablative conditioning or receiving MTX showed
higher levels (not statistically significant) of both IFN-g
T-cell subsets than patients receiving transplants from
HLA-mismatched donors, who had undergone myeloabla-
tive conditioning or receiving mycophenolate mofetil (not
shown).

Non-significant tendencies to display more frequently
IFN-g CD8þ and IFN-g CD4þ T-cell responses within the
protective range were observed in patients receiving
transplants from CMV seropositive, related or HLA-
matched donors, BM or peripheral stem cell grafts and in
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Figure 1 Peripheral levels of CMV pp65 and IE-1-specific IFN-g CD8þ

and IFN-g CD4þ T cells at day þ 30 in allo-SCT recipients either
experiencing or not a subsequent episode of CMV DNAemia. Bars indicate
median cell numbers.

Table 2 Effects of pre-transplant and clinical factors on the

incidence of CMV DNAemia within 1 year after transplantation

Factor No. of patients (%) P-valuea

CMV
DNAemia

No CMV
DNAemia

CMV serostatus
D� 36 (78.2) 10 (21.8)
D+ 53 (60.9) 34 (39.1) 0.053

Type of donor
Sibling 50 (57.4) 37 (42.6)
Unrelated 39 (84.7) 7 (15.3) 0.002

HLA match
Identical 62 (60.2) 41 (39.8)
Mismatched 27 (90.0) 3 (10.0) 0.024

Stem cells source
5 (62.5) 3 (37.5)
75 (65.8) 39 (34.2)

Bone marrow
Peripheral blood
Cord blood 9 (81.8) 2 (18.2) 0.627

Conditioning
41 (69.5) 18 (30.5)Myeloablative

Non-myeloablative 48 (64.9) 26 (35.1) 0.585

GvHD prophylaxis
ATG containing
Yes 11 (91.6) 1 (8.4)

78 (64.4) 43 (45.6) 0.103
54 (58.0) 39 (42.0)

No
CsA+MTX
CsA+MMF 18 (81.8) 4 (19.2) 0.050

Acute GvHDb

Grades 0–I 43 (56.6) 33 (43.4)
Grades II–IV 26 (74.2) 9 (25.8) 0.093

Abbreviations: ATG¼ anti-thymocyte globulin; D¼ donor; MMF¼myco-
phenolate mofetil; R¼ recipient
aFrequency comparisons were carried out using the w2-test (Fisher’s exact
test). A P-value of p0.05 was considered statistically significant.
bOnly those cases in which acute GvHD occurred before detection of CMV
DNAemia were considered for analysis.

CMV-specific immunity in allo-SCT patients
N Tormo et al

1439

Bone Marrow Transplantation



94

patients who had undergone non-myeloablative condition-
ing, or were not treated with mycophenolate mofetil
(Table 3). By day þ 90, the same tendencies as for the

median number of both CMV-specific IFN-g T-cell subsets
(not shown) and the frequency of patients who had
achieved protective IFN-g T-cell levels (Table 3) were
observed. Overall, differences between paired groups were
less marked in comparison with those seen at day þ 30 (not
shown), yet, the effect of HLA-matching was clearly
discernable. By day þ 360, only HLA-matching, among
the abovementioned pre-transplant and clinical factors, had
a significant impact (P¼ 0.010 for IFN-g CD8þ T cells)
on the frequency of acquisition of protective CMV-specific
T-cell responses.
The occurrence of acute GvHD grades II–IV (median 40

days after transplantation, range 6–192 days) had no
significant influence either on the degree of reconstitution
of CMV-specific IFN-g T-cell responses or the frequency of
patients acquiring protective levels of both T-cell subsets at
days þ 90 and þ 365. The effect of the use of ATG could
not be evaluated at these time points because of the limited
number of available samples for analysis.
The effect of CMV DNAemia on the reconstitution

of CMV-specific IFN-g CD8þ and IFN-g CD4þ T-cell
responses was investigated. As shown in Table 4, levels of
IFN-g CD8þ and CD4þ T cells in patients who had CMV
DNAemia were not significantly different from those in
patients with no documented CMV DNAemia at any time
point. In fact, T-cell levels above protective thresholds were
reached by a comparable number of patients at day þ 90
(Table 3) or þ 365 (not shown) irrespective of whether they
did or did not have a preceding episode of CMV
DNAemia. Neither the duration nor the peak value of
CMV DNAemia was significantly correlated with IFN-g
CD8þ and CD4þ T-cell levels at any time point (PX0.5).
Nevertheless, higher net increments in the median levels of
both T-cell subsets by days þ 60 and þ 90 (from baseline
counts at day þ 30) were observed in patients who
experienced CMV DNAemia than in patients with did
not (Table 4).

Table 3 Effects of pre-transplant, clinical and virological factors

on the frequency of allo-SCT recipients patients acquiring CMV-

specific IFN-g CD8+ and IFN-g CD4+ T-cell levels presumably

affording protection from CMV DNAemia at days +30 and +90

after transplantation

Variable No. of patients
with protective

levels of
IFNg CD8+

T cellsa/total no.
of patients (P-valueb)

at day

No. of patients
with protective

levels of
IFNg CD4+

T cellsc/total no.
of patients (P-valueb)

at day

+30 +90 +30 +90

CMV serostatus
D� 3/25 16/27 2/25 9/27
D+ 21/68

(0.10)
33/50
(0.62)

15/68
(0.14)

18/50
(1.0)

Type of donor
Sibling 21/69 38/56 15/69 20/56
Unrelated 3/24

(0.10)
11/21
(0.28)

2/24
(0.22)

7/21
(1.0)

HLA match
Matched 21/78 46/66 16/78 24/66
Mismatched 3/15

(0.75)
3/11
(0.01)

1/15
(0.29)

3/11
(0.73)

Stem cell source
2/7 4/5 2/7 2/5

22/80 44/67 15/80 24/67
Bone marrow
Peripheral blood
Cord blood 0/6

(0.45)
1/5
(0.10)

0/6
(0.43)

1/5
(0.54)

Conditioning
8/40 17/35 6/40 10/35Myeloablative

Non-myeloablative 16/53
(0.34)

31/42
(0.09)

11/53
(1.0)

17/42
(0.34)

GvHD prophylaxis
ATG containing

0/8 NA 0/8 NAYes
No 24/85

(0.10)
NA 17/85

(0.34)
NA

CsA+MTX 21/69 40/61 15/69 23/61
CsA+MMF 3/15

(0.53)
6/9
(1.0)

2/15
(0.72)

2/9
(0.47)

Acute GvHDd

0–I NA 33/52 NA 21/52
II–IV NA 11/18

(1.0)
NA 4/18

(0.25)

CMV DNAemia
Yes NA 24/40 NA 10/40
No NA 25/37

(0.63)
NA 17/37

(0.06)

Abbreviations: D¼ donor; MMF¼mycophenolate mofetil; NA¼ not
analyzed; R¼ recipient.
a41.0 cell/mL.
bFrequency comparisons were carried out using the w2-test (Fisher exact
test). A P-value0.05 was considered statistically significant 1.2 cells/mL.
c41.2 cell/mL
dAcute GvHD occurring before the day of immunological monitoring.

Table 4 Peripheral levels of CMV pp65 and IE-1-specific IFN-g
CD8+ and IFN-g CD4+ T cells at days +60, +90 and +365 after

transplantation in allo-SCT patients with or without a preceding

episode of CMV DNAemia

T-cell subset (day)a CMV DNAemia P-valueb

Yes No

1.32 (0–20.17) 1.11 (0–74.9) 0.977
0.46 (0–3.46) 0.62 (0–46.8) 0.461
2.08 (0–166.1) 1.93 (0–82.8) 0.656
0.51 (0–11.20) 0.91 (0–9.89) 0.080
3.71 (0–130.0) 6.72 (0–103.5) 0.385

IFNg CD8+ (+60)
IFNg CD4+ (+60)
IFNg CD8+ (+90)
IFNg CD4+ (+90)
IFNg CD8+ (+365)
IFNg CD4+ (+365) 1.11 (0–12.09) 2.82 (0–16.9) 0.158

Abbreviation: IE-1¼ immediate-early 1.
aIn all, 18, 40 and 30 specimens drawn at a median of 65 (range, 59–73
days), 91 days (range, 80–119 days) and 360 days (range, 304–405)
respectively, from patients who had a preceding episode of CMV
DNAemia, and 34, 37 and 25 specimens obtained at a median of 62.5
days (range 51–73 days), 93 days (range, 84–102 days) and 360 days (range
343–374 days) respectively, from patients with no prior CMV DNAemia
were analyzed.
bDifferences between medians were compared by using the Mann–Whitney
U-test. A P-value of p0.05 was considered statistically significant.
Median (range) number of cells/mL are shown.
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Discussion

Previous studies performed by our group showed that
CMV pp65 and IE-1-specific IFN-g CD8þ and CD4þ T
cells have a major role in protection from CMV DNAemia
and in control of CMV replication during episodes of active
CMV infection.14,19,20 In a pilot study, we found signifi-
cantly lower IFN-g CD8þ and CD4þ T-cell levels at day
þ 30 in patients who later developed an episode of CMV
DNAemia than in patients who did not experience it, and
defined threshold levels of both T-cell subsets predicting
protection from CMV DNAemia with maximum specificity
and positive predictive value (41.0 cell/mL for IFN-g
CD8þ T cells and 41.2 cells/mL for IFN-g CD4þ T
cells).14 In this study, we confirmed our earlier findings in a
much larger cohort and proved the reliability of these
surrogate markers in identifying patients presumably
protected from CMV DNAemia within the first 120 days
after transplantation. Unfortunately, both IFN-g T-cell
markers performed rather modestly in their ability to
predict the occurrence of CMV DNAemia; in fact, CMV
DNAemia was not documented in a relevant fraction of
patients displaying levels of both T-cell subsets below the
defined thresholds for protection, or even in patients with
undetectable T-cell responses. It might be that the levels of
CMV-specific T-cells conferring protection from active
CMV infection vary among patients, perhaps depending on
their latent CMV burden. It is also possible that enumera-
tion of CMV-specific T cells exhibiting multifunctional
rather than monofunctional properties provides a more
precise estimation of the overall state of immune compe-
tence against CMV, as has been suggested in previous
studies.13,21–25 In addition, T-cell responses against viral
proteins other than pp65 and IE-1, or other functional anti-
CMV immune responses such as those mediated by NK
cells, which may critically contribute to the control of CMV
infection, were not examined in this study.26,27 Clearly, the
IFN-g CD4þ T-cell marker performed worse than the
IFN-g CD8þ T-cell marker in predicting the risk of CMV
DNAemia. In this sense, it has to be taken into considera-
tion that our analytical method is less suited for assessing
CMV-specific CD4þ than CD8þ T-cell responses (use
of overlapping peptide libraries and pp65 and IE-1 as
stimulating Ags).6

Cutoff cell levels of CMV-specific IFN-g-producing T
cells affording protection from CMV pp65-antigenemia,
DNAemia or end-organ disease either coincident or remark-
ably close to those proposed herein have been previously
reported.11–13,15 Notably, Ohnishi et al.12 found that CMV
antigenemia was not observed in patients who had over
1 cell/mL in the enzyme-linked immunosorbent spot assay
using individual pp65 peptides as Ags. In another study,
levels of IFN-g CD8þ and CD4þ T cells above 3 and
1 cell/mL, respectively, as enumerated by ICS using CMV
VR1814-infected DCs as stimulating Ag, defined immune
protection against a high risk of CMV disease.13 Likewise,
Hebart et al.11 found that the presence of more than
five pp65-peptide-specific IFN-g CD8þ T cells/mL was
associated with protection from CMV DNAemia.
In this study, early and long-term reconstitution of

CMV-specific IFN-g CD8þ and IFN-g CD4þ T-cell

responses occurred to the same extent in patients with or
without previous documented CMV DNAemia. Moreover,
no significant correlation was found between either the
duration (and by inference, the cumulative ganciclovir dose
received) or the peak level of CMV DNAemia with the
degree of immune reconstitution. Our data seem to be in
conflict with previously published results showing that
prophylactic administration of ganciclovir blunted the
reconstitution of CMV-specific T cells,3 but are in keeping
with recently published data indicating that recovery of
functional CMV-specific T-cell populations occurs irre-
spective of documented active CMV infection.28,29 None-
theless, CMV DNAemia appeared to have a booster effect
on the kinetics of reconstitution of both T-cell populations.

In our cohort, recipients of grafts from CMV-seronega-
tive, unrelated or HLA-mismatched donors showed a
poorer CMV-specific IFN-g CD8þ and CD4þ T-cell
responses at day þ 30 in comparison with that of patients
receiving transplants from CMV seropositive, sibling or
HLA-matched donors. In fact, the latter patients tended
more frequently to display IFN-g CD8þ or IFN-g CD4þ

T-cell numbers above the protective cutoff cell levels than
the former patients throughout the study period. This may
account in part for the differences in the incidence of CMV
DNAemia observed between these paired groups. At later
times (days þ 90 and þ 365), both the magnitude of the
CMV-specific IFN-gþ T-cell responses and the frequency
of patients showing protective levels of both T-cell
populations tended to equate, most likely as a result of
the booster effect of CMV replication on T-cell reconstitu-
tion. Yet, the effect of HLA-matching was clearly discern-
able at day þ 90, and even at day þ 365. Our data support
previous findings suggesting that the CMV serostatus of
the donor critically influences the rate and magnitude of
CMV-specific T-cell reconstitution.3,13,21,22,24,30,31 Our data
are also in accordance with previously published results
indicating that overall, T-cell reconstitution, and specifi-
cally CMV-specific T-cell recovery, are notably delayed in
recipients of grafts from unrelated or HLA-mismatched
donors.21,28,32 In line with previous findings,12,28 the use of
ATG had a profound impact on the magnitude of recovery
of CMV-specific T-cell immunity at day þ 30 (it could not
be evaluated later on). Likewise, the use of mycophenolate
mofetil instead of MTX in the GvHD prophylaxis regimen
was associated with a poorer CMV-specific T-cell response,
particularly at day þ 30. The latter findings may account
for the higher incidence of CMV DNAemia observed in
patients receiving ATG or mycophenolate mofetil.

We found that recipients of umbilical cord blood
transplants had poorer CMV-specific T-cell reconstitution
with respect to that of recipients of BM or peripheral stem
cells. Contrarily, the frequency and magnitude of recon-
stitution of both functional T-cell subsets appeared to be
comparable for recipients of BM and peripheral stem cell
transplants. Conflicting data have been published on this
issue.13,28,31

In this study, the conditioning regimen had no significant
influence on the rate and magnitude of recovery of CMV-
specific IFN-g T-cell responses, though, patients who had
undergone non-myeloablative conditioning had tendencies
to reach more frequently protective levels of both T-cell
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subsets throughout the study period. A beneficial effect of
non-myeloablative conditioning on the reconstitution of
CMV-specific T-cell immunity in comparison with myelo-
ablative conditioning has been reported by other
groups.21,31 Finally, the occurrence of acute GvHD (grades
II to IV) had no significant effect on the magnitude of
CMV-specific T-cell reconstitution. Our data, nevertheless,
should be interpreted with caution given the scarce number
of patients with moderate-to-severe acute GvHD for
whom immunological data were available. Nonetheless,
discrepant data have been published on this subject.13,28,31

which may be because of the differences in the timing of
immunological monitoring after the implementation or
cessation of corticosteroid therapy and the cumulative dose
administered prior to sampling. In summary, we have
further delineated the effects of pre-transplant and clinical
factors as well as the influence of active CMV infection on
the magnitude and kinetics of reconstitution of CMV-
specific IFN-g CD8þ or IFN-g CD4þ T-cell responses
within 1 year after transplantation. More importantly, the
data presented herein suggest that immunological monitor-
ing may help to stratify allo-SCT patients according to their
relative risk of developing CMVDNAemia. This may allow
for personalization of pre-emptive antiviral therapies,
which may translate into tangible benefits for the patients.
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6.5. Artículo 5

Effect of cytomegalovirus (CMV) serostatus on the incidence and virological

features of active CMV infection in allogeneic stem cell transplant recipients.

Solano C, Tormo N, de la Cámara R, Nieto J, López J, Benet I, Muñoz Cobo B,

Costa E, Remigia MJ, García Noblejas A, Bravo D, Navarro D. Correspondence.

Clin Infect Dis 2011: 53; 313 315.
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Effect of Cytomegalovirus
(CMV) Serostatus on the
Incidence and Virological
Features of Active CMV
Infection in Allogeneic Stem
Cell Transplant Recipients

To the Editor—We read with interest

the article by Pietersma et al [1]. It was

reported that cytomegalovirus (CMV)

DNAemia occurred more frequently

(P # .001) but was less severe (shorter

duration and lower median peak value)

in allogeneic stem cell transplant (Allo-

SCT) recipients receiving a graft from

a CMV-seropositive (D1) donor than in

those receiving a graft from a CMV-

seronegative donor (D2). Unfortunately,

the extensive use of antithymocye glob-

ulin in the cohort (60% of patients),

which might have been unevenly em-

ployed between the D2 and D1 groups,

may have minimized the well-known

impact of receipt of a D1 graft on the

early reconstitution of protective CMV-

specific T-cell immunity [2–5]. Moreover,

it appeared that almost 50% of the pa-

tients were not treated with antivirals.

This may have introduced a bias in the

estimation of the duration of episodes, as

the kinetics of plasma CMV DNAemia

clearance in self-resolved episodes may

differ from that in treated episodes

(D. Navarro, unpublished data). We wish

to add our experience on this matter. Our

analysis focused on a highly homogenous

cohort: CMV-seropositive patients (n 5

80) undergoing sibling/matched T-cell

replete Allo-SCT (D2 donors, n 5 21;

D1 donors, n 5 59) at the participating

hospitals from December 2006 through

January 2010 [3, 5]. Seventy patients were

virologically monitored by both the an-

tigenemia pp65 (AG) test and by

a plasma real-time polymerase chain

reaction (PCR) assay (Abbott Molecular

CMV real-time PCR [n 5 24]; or Roche

LightCycler CMV Quant kit [n 5 43])

[5, 6]. These patients were pre-emptively

treated with antivirals upon detection of

$1 pp65-positive cells per 200 000

Polymorphonuclear leukocytes. Thirteen

patients were exclusively monitored by

the LightCycler CMV Quant kit and

treated upon the detection of.500 CMV

DNA copies/mL in plasma. A total of 44

patients experienced 1 or more episodes

(n 5 59) of CMV DNAemia within

6 months after transplantation. All

episodes were preemptively treated with

antivirals. The CMV DNAemia occurred

more frequently in D2/R1 patients than

in D1/R1 patients, both within the first

100 days and within 6 months after Allo-

SCT, although the differences did not

reach statistical significance (Table 1).

A trend toward an earlier occurrence of

CMV DNAemia was observed in D2/R1

patients. The duration of CMV DNAemia

was longer in D2/R1 patients than in

D1/R1 patients. The initial and peak

CMV DNA loads within the first episode

of active CMV infection and the peak

value of CMV DNAemia within the study

period (considering all episodes) were

higher in D2/R1 patients than in D1/

R1 patients. The above differences re-

mained when the patients were grouped

according to the monitoring strategy and

the type of PCR used (data not shown).

Recurrent episodes of CMV DNAemia

and CMV end-organ disease occurred

more frequently in D2/R1 patients than

in D1/R1 patients. Our findings are in

keeping with previously published data

[2–5, 7, 8] indicating that CMV DNAe-

mia develops more frequently and is

more severe in D2/R1 Allo-SCT pa-

tients than in D1/R1 Allo-SCT pa-

tients, irrespective of the transplant

modality (T-cell replete or in vivo T-cell

depletion with antithymocye globulin)

[2, 4], which is related to a delayed

reconstitution of CMV-specific T-cell

immunity [2, 4, 5].
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7. RESUMEN DE LOS TRABAJOS
PUBLICADOS

Artículo 1

Título:

Lack of prompt expansion of cytomegalovirus pp65 and IE 1 specific

IFN CD8+ and CD4+ T cells is associatedwith rising levels of pp65 antigenemia

and DNAemia during preemptive therapy in allogeneic hematopoietic stem

cell transplant recipients. Tormo N, Solano C, Benet I, Clari MA, Nieto J, de la

Cámara R, López J, López Aldeguer N, Hernández Boluda JC, Remigia MJ,

García Noblejas A, Gimeno C, Navarro D. Bone Marrow Transplant 2010; 45,

543–549.

Introducción:

et al. et al.

et al.
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et al. et al.

et al.

et al.

et al.

et al.

et al.

et

al.

Objetivo:



109

Metodología:



110

                                                      
1La colitis y neumonitis por CMV se diagnostican en base a hallazgos clínicos compatibles y la 
demostración histológica de inclusiones celulares típicas de CMV, así como la detección 
inmunohistoquímica de proteínas de CMV, en muestras de tejido obtenido por biopsia o necropsia. 
La enfermedad por CMV fue tratada con GCV iv (5 mg/kg/12 h) durante 21 días, seguido de 5 
mg/kg/día (5 días a la semana) hasta el día +90 o hasta la resolución de la condición de 
inmunosupresión, o con foscarnet iv (60 mg/kg/8 h), siguiendo una pauta similar. 
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et

al.

et al.



112

Conclusiones:



113

Artículo 2

Título:

An assessment of the effect of human herpesvirus 6 replication on

active cytomegalovirus infection after allogeneic stem cell transplantation.

Tormo N, Solano C, de la Cámara R, García Noblejas A, Cardeñoso L, Clari MA,

Nieto J, López J, Hernández Boluda JC, Remigia MJ, Benet I, Navarro D. Biol

Blood Marrow Transplant 2010; 16: 653 661.

Introducción:

et al.

et al.

et al. et al.
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et al. et al. et al.

et al. et al. et al.

et al. et al.

Objetivo:

Metodología:
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116
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Conclusiones:
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Artículo 3 

Título: 

Kinetics of Cytomegalovirus (CMV) pp65 and IE-1-Specific IFNγ CD8+ 

and CD4+ T Cells During Episodes of Viral DNAemia in Allogeneic Stem Cell 

Transplant Recipients: Potential Implications for the Management of Active 

CMV Infection. Tormo N, Solano C, Benet I, Nieto J, de la Cámara R, García-

Noblejas A, Clari MA, Chilet MF, López J, Hernández-Boluda JC, Remigia MJ, 

Navarro D. J Med Virol 2010; 82: 1208-1215. 

Introducción: 

El tratamiento antiviral anticipado ha sido adoptado por la mayoría 

de centros de trasplante como la estrategia de primera elección para la 

prevención de la enfermedad por CMV tras el alo-TPH [Boeckh et al., 2003; 

Griffiths et al., 2008]. Si bien esta estrategia ha demostrado reducir 

drásticamente la incidencia de enfermedad temprana por CMV [Boeckh et 

al., 2003; Ljungman, 2008], resulta probablemente en un exceso de 

tratamiento, dado que un determinado número de pacientes que nunca 

progresarán a enfermedad por CMV son tratados [Ljungman, 2006; 

Avetisyan et al., 2007]. Se espera que la monitorización inmunológica de la 

respuesta celular T específica de CMV mejore el manejo de la infección 

activa, llevando a una mejor orientación del uso de antivirales y permitiendo 

la identificación de pacientes con elevado riesgo de infecciones recurrentes 

y EOC. Sin embargo, hasta la fecha, la evaluación de la inmunidad celular T 

específica de CMV no ha tenido un gran impacto en el manejo clínico de la 

infección activa por CMV. Para poder diseñar estrategias potenciales de 

intervención basadas en la monitorización inmunológica, se requiere la 

caracterización de las cinéticas de las células T funcionales específicas de 

CMV durante los episodios de infección activa por CMV. Los estudios que 
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abordan esta cuestión son, sin embargo, escasos [Aubert et al., 2001; Foster 

et al., 2002; Widmann et al., 2008]. La resolución de episodios de infección 

activa por CMV en el contexto del alo-TPH parece ser en última instancia 

dependiente de la expansión de células funcionales específicas de CMV en 

respuesta a la replicación viral [Quinnan Jr et al., 1982; Reusser et al., 1991; 

Riddell et al., 1992]. En este sentido, hemos mostrado previamente que la 

ausencia de una expansión precoz de células T CD8+ y T CD4+ productoras 

de IFNγ (T CD8+IFNγ+ y T CD4+IFNγ+, respectivamente) específicas de pp65 

e IE-1 de CMV se asocia con niveles crecientes de la AG y la DNAemia 

durante el tratamiento anticipado y con la duración prolongada del 

tratamiento antiviral (artículo 1 de la presente tesis doctoral). 

Objetivo: 

Estudiar la cinética de las células T CD8+IFNγ+ y T CD4+IFNγ+ 

específicas de CMV y de la DNAemia de CMV en una serie de episodios de 

infección activa por CMV en receptores de alo-TPH. 

Metodología: 

Se realizó un estudio prospectivo observacional en el que se 

incluyeron 19 episodios de infección activa por CMV de 18 pacientes 

receptores de alo-TPH. El periodo de inclusión fue de diciembre de 2008 a 

mayo de 2009 en los hospitales participantes. Se excluyeron los pacientes 

seronegativos para CMV receptores de un injerto de un donante también 

seronegativo. Sólo se incluyeron para el análisis los episodios de infección 

activa por CMV tratados anticipadamente. El final del periodo de estudio fue 

el 22 de Junio de 2009. La monitorización virológica de la infección por CMV 

se llevó a cabo por medio del ensayo de la AG y/o un ensayo en plasma de 



Resumen de los Trabajos Publicados 

121 

QRT-PCR. El tratamiento anticipado con valGCV oral (900 mg/12 h) ó GCV 

i.v. (5 mg/kg/12 h) se inició al obtener un resultado positivo de la AG (≥1 

célula positiva para pp65/200 000 células) ó detectar >1000 copias/ml de 

ADN de CMV en plasma, dependiendo de la institución participante, y se 

retiró al obtener dos resultados consecutivos negativos de AG o PCR (en 

función del centro), separados en 3-7 días tras un mínimo de dos semanas 

de tratamiento. Se empleó FOS i.v. (60 mg/kg/12 h) en lugar de GCV en 

pacientes con neutropenia grave, y en algunos pacientes que no habían 

respondido al GCV tras 3 semanas de tratamiento. Para llevar a cabo el 

análisis, la duración de un episodio dado fue el tiempo comprendido entre 

el día de inicio del tratamiento anticipado y el día del primer resultado 

negativo de la DNAemia. El diagnóstico de la enfermedad por CMV se realizó 

conforme a lo descrito previamente [Solano et al., 2001; Gimeno et al., 

2008]. Cuando estuvo indicado clínicamente, los pacientes recibieron 

transfusiones de glóbulos rojos concentrados y de plaquetas. 

La enumeración de linfocitos T CD8+IFNγ+ y T CD4+IFNγ+ específicos 

de CMV se llevó a cabo por citometría de flujo para detección de citoquinas 

intracelulares teñidas, como se ha descrito en el artículo 1 de la presente 

tesis doctoral. La monitorización inmunológica fue realizada una o dos 

veces a la semana durante los episodios de infección activa por CMV. En 

algunos pacientes, se dispuso de varias muestras de sangre tomadas tras la 

resolución del episodio de infección activa por CMV. Se analizaron un total 

de 146 muestras de sangre de los 18 pacientes (mediana: 7 muestras / 

paciente; rango, 2-15 muestras).  

Se llevó a cabo el análisis de las secuencias de los genes UL54 y UL97 

en los dos episodios de mayor duración que no resolvieron para determinar 

la presencia de mutaciones relacionadas con resistencia a (val)GCV y FOS 

(igual que en el artículo 1 de la tesis).  



Tesis Doctoral 

122 

Los datos fueron analizados con ayuda del paquete estadístico SPSS 

(versión 15.0). Las comparaciones se llevaron a cabo empleando el test no 

paramétrico de la U de Mann-Whitney para los datos continuos 

desapareados, y el test de Wilcoxon para los datos continuos apareados. El 

test del coeficiente de Spearman se empleó para el análisis de la correlación 

entre variables continuas. Para llevar a cabo los cálculos, las respuestas 

específicas frente a CMV indetectables se computaron como 0 células/μl. Un 

valor de P <0.05 fue considerado estadísticamente significativo. 

Conclusiones: 

Los recuentos periféricos de células T CD4+ y T CD8+ productoras de 

IFNγ específicas de CMV se correlacionan inversamente con la DNAemia por 

CMV. La expansión de ambos tipos celulares -sobre todo de las células T 

CD8+- se asocia con la resolución de los episodios de infección activa 

tratados anticipadamente. Esta observación podría utilizarse para 

suspender o continuar el tratamiento antiviral basándose en la 

monitorización inmunológica de estos pacientes.   
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Artículo 4 

Título: 

Reconstitution of CMV pp65 and IE-1-specific IFN-γ CD8+ and CD4+ T-

cell responses affording protection from CMV DNAemia following allogeneic 

hematopoietic SCT. Tormo N, Solano C, Benet I, Nieto J, de la Cámara R, López 

J, García-Noblejas A, Muñoz-Cobo B, Costa E, Clari MA, Hernádez-Boluda JC, 

Remigia MJ, Navarro D. Bone Marrow Transplant 2011; 46: 1437-43. 

Introducción: 

La protección frente a la infección activa por CMV en el alo-TPH 

depende críticamente de la reconstitución de células funcionales T CD8+ y T 

CD4+ específicas de CMV [Quinnan Jr et al., 1982; Reusser et al., 1991; 

Riddell et al., 1992; Li et al., 1994; Einsele et al., 2002]. Se ha demostrado 

que la cuantificación de células T específicas de CMV resulta potencialmente 

útil para identificar pacientes con elevado riesgo de desarrollar 

complicaciones clínicas relacionadas con CMV [Solano y Navarro, 2010]. El 

tratamiento antiviral anticipado es actualmente la estrategia de primera 

elección para prevenir la aparición de EOC en receptores de alo-TPH 

[Ljungman et al., 2008], pero sin duda lleva a un exceso de tratamiento que 

puede ser tóxico, favorecer la aparición de resistencia a los antivirales o 

permitir la instauración tardía de enfermedad por CMV [Ljungman, 2006]. 

Se espera que la monitorización inmunológica lleve a un uso más preciso del 

tratamiento anticipado, por lo que se han propuesto diversos marcadores 

inmunológicos subrogados de la competencia inmunitaria adaptativa frente 

a CMV [Solano y Navarro, 2010]. Además, se han intentado establecer 

niveles umbral de determinadas subpoblaciones de células T específicas de 

CMV que presumiblemente confieren protección frente a la infección activa 

por CMV, si bien su utilidad clínica no ha sido validada extensamente 
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[Aubert et al., 2001; Cwynarski et al., 2001; Hebart et al., 2002; Ohnishi et 

al., 2005; Lilleri et al., 2008; Moins-Teisserenc et al., 2008; Solano et al., 

2008; Pastore et al., 2011]. En un estudio piloto, mostramos que la 

cuantificación de células T CD8+IFNγ+ y T CD4+IFNγ+ estimuladas con dos 

conjuntos de péptidos que abarcan las secuencias enteras de pp65 e IE-1, 

permitía la identificación de pacientes presumiblemente protegidos de la 

DNAemia de CMV poco tiempo después del trasplante [Solano et al., 2008]. 

Establecimos un punto de corte protector en el recuento de las dos 

subpoblaciones de células T productoras de IFNγ que mostraba el máximo 

de especificidad (>1.0 células/μl para las células T CD8+IFNγ+ y >1.2 

células/μl para las células T CD4+IFNγ+). 

 

Objetivo: 

Evaluar los niveles umbral de células T CD8+IFNγ+ y T CD4+IFNγ+ 

específicas de CMV obtenidos previamente en una cohorte amplia de 

receptores de alo-TPH, e investigar los efectos de varios factores sobre la 

reconstitución precoz y a largo plazo de ambas subpoblaciones T.   

 

Metodología: 

Se llevó a cabo un estudio prospectivo observacional en el que se 

incluyeron 133 pacientes receptores de alo-TPH sin depleción de células T 

atendidos en cuatro hospitales españoles entre enero de 2007 y mayo de 

2009. Los pacientes fueron monitorizados al menos hasta un año post-

trasplante. El estudio fue aprobado por los respectivos Comités de Ética, y 

todos los pacientes dieron su consentimiento informado para participar. La 

monitorización virológica de la infección activa por CMV fue realizada por 

medio de la AG y/o un ensayo en plasma de QRT-PCR. El tratamiento 
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anticipado con valGCV oral (900 mg/12 h), GCV i.v. (5 mg/kg/12 h) ó FOS 

i.v. (60 mg/kg/12 h) se inició y se retiró según los criterios mencionados 

anteriormente. La enfermedad orgánica por CMV fue diagnosticada y 

tratada como se ha indicado previamente. El recuento de células T CD8+ y T 

CD4+ productoras de IFNγ específicas de CMV se realizó por citometría de 

flujo para citoquinas intracelulares teñidas, por medio del empleo 

simultáneo para la estimulación de dos conjuntos de pentadecapéptidos 

solapados que abarcan las secuencias enteras de las proteínas pp65 e IE-1 

de CMV (como se ha descrito previamente en el artículo 1 de la tesis). La 

monitorización inmunológica se planificó para ser realizada los días +30, 

+60, +90 y +365 post-trasplante. El análisis estadístico se llevó a cabo con el 

paquete estadístico SPPS (versión 17.0). La comparación de frecuencias se 

realizó por medio del test de χ2 (test exacto de Fisher) para las variables 

categóricas. Las diferencias entre las medianas se compararon con el test de 

la U de Mann-Whitney (para dos variables independientes) o el test de 

Kruskal-Wallis (k variables independientes) para datos no apareados. El 

test de Spearman se utilizó para el análisis de correlación entre variables 

continuas. Un P-valor <0.05 fue considerado estadísticamente significativo.   

Conclusiones: 

Ningún paciente experimentó episodios de DNAemia por CMV tras 

presentar niveles por encima de los valores umbrales previamente 

establecidos para las células T CD4+ y T CD8+ productoras de IFNγ 

específicas de CMV. Los pacientes receptores de alo-TPH de donantes 

seropositivos para CMV emparentados y HLA-idénticos, así como 

acondicionados con regímenes no mieloablativos recuperaron dichos 

niveles protectores con mayor frecuencia. El conocimiento de los factores 

que afectan a la recuperación de la respuesta celular T específica frente a 

CMV en el alo-TPH permite determinar aquellos pacientes con mayor riesgo 



Tesis Doctoral 

126 

de presentar una infección activa por CMV, con el fin de administrar el 

tratamiento anticipado de forma más precisa. 
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Artículo 5 

Título: 

Effect of cytomegalovirus (CMV) serostatus on the incidence and 

virological features of active CMV infection in allogeneic stem cell transplant 

recipients. Solano C, Tormo N, de la Cámara R, Nieto J, López J, Benet I, Muñoz-

Cobo B, Costa E, Remigia MJ, García-Noblejas A, Bravo D, Navarro D. 

Correspondence. Clin Infect Dis 2011: 53; 313-315. 

Introducción: 

En el artículo de Pietersma y cols. [Pietersma et al., 2011], se 

concluye que la DNAemia ocurre más frecuentemente (P ≤ .001) pero es 

menos grave (duración más corta y menor valor pico medio) en receptores 

de alo-TPH de un donante seropositivo para CMV (D+) que en los receptores 

de alo-TPH de un donante seronegativo para CMV (D-). 

Desafortunadamente, el extenso uso de globulina antitimocítica (ATG) en la 

cohorte (60% de los pacientes), que podría haber sido empleado de forma 

desigual entre los grupos D- y D+, podría haber minimizado el conocido 

impacto de recibir un injerto de un D+ sobre la reconstitución de una 

respuesta inmunitaria protectora específica de CMV [Zhou et al., 2009; 

Ugarte-Torres et al., 2011], como demostramos en los artículos previos de 

la presente tesis doctoral (artículos 1 y 4). Por otra parte, parece que casi el 

50% de los pacientes no fueron tratados con antivirales. Esto podría haber 

introducido un sesgo en la estimación de la duración de los episodios, dado 

que la cinética del aclaramiento de la DNAemia del CMV en plasma en 

episodios “auto-resueltos” podría diferir de la de episodios tratados. 
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Objetivo: 

Demostrar la influencia del estado serológico frente al CMV del 

donante en la incidencia y características virológicas de la infección activa 

por CMV en el receptor seropositivo de alo-TPH.   

Metodología: 

Para contrastar los resultados del citado artículo [Pietersma et al., 

2011], se llevó a cabo el análisis retrospectivo de una cohorte muy 

homogénea, que incluía a 80 pacientes seropositivos para CMV, receptores 

de alo-TPH repletos de células T de donante hermano/HLA-idéntico de los 

hospitales participantes entre diciembre de 2006 y enero de 2010. En 21 

casos, el donante era seronegativo para CMV (D-) y en 59 seropositivo (D+). 

Setenta pacientes fueron monitorizados virológicamente por medio de la AG 

y por QRT-PCR plasmática. Dichos pacientes fueron tratados 

anticipadamente con antivirales cuando se detectó una AG de ≥1 célula-

pp65+ / 200.000 PBLs. Trece pacientes fueron monitorizados 

exclusivamente por medio de la DNAemia de CMV y tratados cuando se 

detectó una carga de >500 copias de ADN / ml en plasma. Un total de 44 

pacientes experimentaron 1 o más episodios (n=59) de DNAemia de CMV 

en el trascurso de los 6 meses post-trasplante. Todos los episodios fueron 

tratados anticipadamente. 

Conclusión: 

La DNAemia de CMV aparece más frecuentemente y es de mayor 

gravedad en pacientes receptores de alo-TPH de un donante seronegativo 

para CMV que de un donante seropositivo, en relación con un retraso en la 

reconstitución celular T específica de CMV. 
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8. RESULTADOS

Artículo 1
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Tabla 1. Características de los episodios de infección activa por CMV con disminución (tipo A) o
aumento (tipo B) de los niveles de antigenemia y DNAemia durante el tratamiento antiviral
anticipado (correspondiente a la Tabla 2, artículo 1).
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Figura 5. Células T CD8+ y T CD4+ productoras de IFN específicas de pp65
e IE 1 de CMV, antes y después del inicio del tratamiento antiviral
anticipado en episodios de infección activa por CMV con niveles
decrecientes (A) o crecientes (B) de antigenemia y DNAemia. Las barras
horizontales indican las medianas. Se muestra la significación estadística
de las diferencias entre los niveles de células T pre tratamiento (puntos
negros) y post tratamiento (puntos blancos). Las muestras pre
tratamiento se obtuvieron unamediana de 9 y 10.5 días para los episodios
tipo A y tipo B, respectivamente, antes del inicio del tratamiento antiviral
anticipado. Las muestras post tratamiento se obtuvieron una mediana de
16.5 y 13.5 días para los episodios tipo A y tipo B, respectivamente, tras el
inicio del tratamiento anticipado (Figura 1, artículo 1).
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Artículo 2
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Tabla 2. Perfil de infección activa en pacientes con y sin episodio previo de DNAemia de HHV 6
(correspondiente a la Tabla 2, artículo 2).
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Tabla 3. Reconstitución precoz (día +30) de células T CD8+ y T CD4+ productoras de IFN en
pacientes con ó sin DNAemia de HHV 6 (correspondiente a la Tabla 3, artículo 2).

DNAemia No DNAemia 
Grupo de pacientes         de HHV-6     de HHV-6            P-valor* 
______________________________________________________________________________________________________ 
Todos los pacientes† 

T CD8+IFNγ+     0.30 (0-1.54)  0.11 (0-3.11) .52 
T CD4+IFNγ+     0.32 (0-1.54)     0.18 (0-7) .54 

No DNAemia de CMV antes del 
día +100‡ 

.83 T CD8+IFNγ+ 
T CD4+IFNγ+ 

 0.92 (0-1.54) 
 0.78 (0-3.76) 

0.42 (0-3.11) 
   0.59 (0-7)  .66 

DNAemia de CMV pasado el 
día +30§ 

T CD8+IFNγ+     0.26 (0-0.56)     0 (0-0.42) .18 
T CD4+IFNγ+     0.20 (0-1.02)  0.04 (0-0.32) .34 

_______________________________________________________________________________________________________ 
Los datos son en células/μl de sangre, y vienen dados como medianas de números (rango). 
*Análisis realizado con el test U de Mann-Whitney.†Todos los pacientes (n=37) con o sin DNAemia de CMV. ‡Este grupo incluyó 23 pacientes, de los cuales 6 desarrollaron DNAemia de HHV-6 antes 
del día +30 post-transplante y 17 no. 
§Este grupo incluyó 14 pacientes, de los cuales 6 desarrollaron DNAemia de HHV-6 antes
del día +30 post-trasplante y 8 no lo hicieron. 
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Artículo 3

Tabla 4. Datos virológicos e inmunológicos de los episodios de infección activa por CMV, cuya
resolución se produjo durante el periodo de estudio (correspondiente a la Tabla II, artículo
3).
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Tabla 5. Datos virológicos e inmunológicos de los episodios de infección activa por CMV que
permanecían activos al final del periodo de estudio (correspondiente a la Tabla III, artículo 3).
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Figura 6. Modelos representativos de la cinética de células T CD8+IFN + (círculos) y T CD4+IFN +

(rombos negros) específicas de pp65 e IE 1 de CMV, y DNAemia de CMV (triángulos) durante los
episodios de infección activa por CMV. A: paciente que presenta una expansión precoz de células
T específicas de CMV (especialmente de T CD8+IFN +) concomitante con la resolución de la
DNAemia de CMV. Se observaron valores fluctuantes de las dos subpoblaciones T tras la
interrupción del tratamiento antiviral en ausencia de DNAemia de CMV. B: Paciente que presenta
una expansión precoz de las dos subpoblaciones de células T funcionales con aclaramiento
retrasado de la DNAemia de CMV junto con una expansión secundaria tardía de las células T
específicas de CMV. Se observaron niveles fluctuantes de ambas subpoblaciones T antes de la
expansión final que condujo a la resolución de la DNAemia de CMV. C: Paciente que no logró una
expansión de células T funcionales específicas de CMV y que presentó una DNAemia de CMV
persistente. Este paciente estuvo en tratamiento antiviral a lo largo de todo el periodo
observacional. La flecha (AT) indica el momento en que se retiró el tratamiento antiviral
(correspondiente a la Figura 1, artículo 3).
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Artículo 4

Tabla 6. Efecto de los factores pretrasplante y clínicos sobre la incidencia de
DNAemia de CMV durante el primer año post trasplante (correspondiente a la
Tabla 2, artículo 4).

Factor  Núm. de pacientes (%)    P-valora 
___________________________________________________ 
DNAemia de CMV         No DNAemia de CMV 

Estado serológico de CMV 
      36 (78.2)   10 (21.8) D- 

D+       53 (60.9)   34 (39.1) 0.053 

Tipo de donante 
      50 (57.4)   37 (42.6) Hermano  

No emparentado       39 (84.7)   7 (15.3) 0.002 

Compatibilidad HLA 
      62 (60.2)   41 (39.8) Idéntica 

No compatible       27 (90.0)   3 (10.0) 0.024 

Origen de las células madre 
 5 (62.5)   3 (37.5) 

      75 (65.8)   39 (34.2) 
Médula ósea  
Sangre periférica 
Sangre de cordón  9 (81.8)   2 (18.2) 0.627 

Acondicionamiento 
      41 (69.5)   18 (30.5) Mieloablativo  

No mieloablativo       48 (64.9)   26 (35.1) 0.585 

Profilaxis para EICH 
Contiene ATG 

 Sí       11 (91.6)   1 (8.4) 
      78 (64.4)   43 (45.6) 0.103 
      54 (58.0)   39 (42.0) 

      No  
CsA+MTX 
CsA+MMF       18 (81.8)   4 (19.2) 0.050 

EICH agudab 
      43 (56.6)   33 (43.4) Grados 0-I 

Grados II-IV       26 (74.2)   9 (25.8) 0.093 
Abreviaturas: ATG: globulina antitimocítica; CsA: ciclosporina A; MTX: metotrexato; MMF: micofenolato de 
mofetilo 
a Las comparaciones de frecuencias se llevaron a cabo con el test de χ2 (test exacto de Fisher). Un P-valor de ≤0.05 fue considerado estadísticamente significativo. 
b Sólo se consideraron para el análisis los casos en que se produjo EICH aguda antes de la detección de 
DNAemia de CMV. 
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Tabla 7. Efecto de los factores pretrasplante, clínicos y virológicos sobre la frecuencia de
adquisicón de niveles de células T CD8+IFN + y T CD4+IFN + presumiblemente protectores
frente a la DNAemia de CMV en los días +30 y +90 post trasplante (correspondiente a la Tabla
3, artículo 4).

Variable     Nº de pacientes con Nº de pacientes con 
niveles protectores 
de T CD8+IFNγ+a/Nº 
total de pacientes  
(P-valorb) en el día 

niveles protectores   
de T CD4+IFNγ+c/Nº 
total de pacientes (P-
valorb) en el día 

  ________________________________  _______________________________     
+30             +90   +30            +90 

___________________________________________________________________________________________________________ 
Estado serológico de CMV 

D-  3/25  16/27   2/25   9/27 
D+  21/68  33/50   15/68        18/50 

 (0.10)  (0.62)  (0.14)  (1.0) 

Tipo de donante 
 21/69  38/56  15/69  20/56 Hermano  

No emparentado   3/24   11/21   2/24   7/21 
 (0.10)  (0.28)  (0.22)  (1.0) 

Compatibilidad HLA 
  21/78   46/66  16/78   24/66 Idéntica 

No compatible  3/15  3/11   1/15   3/11 
 (0.75)  (0.01)  (0.29)  (0.73) 

Origen de las células madre 
2/7   4/5   2/7  2/5 

  22/80   44/67  15/80  24/67 
Médula ósea  
Sangre periférica 
Sangre de cordón   0/6   1/5   0/6  1/5 

  (0.45)   (0.10)   (0.43)  (0.54) 
Acondicionamiento 

 8/40  17/35   6/40  10/35 Mieloablativo  No 
mieloablativo  16/53   31/42  11/53  17/42 

  (0.34)  (0.09)   (1.0)  (0.34) 

Profilaxis para EICH 
Contiene ATG 

 0/8   NA   0/8  NA Sí 
No   24/85   NA  17/85  NA 

  (0.10)  (0.34) 
CSA+MTX  21/69  40/61  15/69  23/61 
CSA+MMF  3/15   6/9  2/15   2/9 

  (0.53)  (1.0)  (0.72)  (0.47) 

EICH agudab 
 NA  33/52   NA  21/52 Grados 0-I 

Grados II-IV  NA  11/18   NA  4/18 
 (1.0)  (0.25) 

DNaemia de CMV 
 NA   NA  10/40 Sí  

No  NA 
  24/40   
25/37   NA  17/37 

  (0.63)   (0.06) 
________________________________________________________________________________________________________ NA: 
no analizado. 
a>1.0 células/μL. 
bLa comparacion de frecuencias fue llevada a cabo con el test de χ2 (test exacto de Fisher).  Un P-valor ≤0.05 fue considerado estadısticamente significativo. 
c>1.2 cell/mL 
dEICH aguda ocurrida antes del día de la monitorización inmunológica. 
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Tabla 8. Niveles periféricos de células T CD8+IFN + y T CD4+IFN + específicas de pp65 e IE 1 de
CMV los días +60, +90 y +365 post trasplante en pacientes alo TPH con o sin episodio previo de
DMAemia de CMV (correspondiente a la Tabla 4, artículo 4).

Subtipo de célula T (día)a            DNAemia CMV         P-valorb 
 ____________________________________________ 

Sí    No ________________________________________________________________________________________________________    1.32 (0–20.17)       0.977       0.461       0.656 CD8+ IFNγ+ (+60) CD4+ IFNγ+ (+60) CD8+ IFNγ+ (+90) CD4+ IFNγ+ (+90)       0.080       0.385 CD8+ IFNγ+ (+365) CD4+ IFNγ+ (+365) 
    0.46 (0–3.46)     2.08 (0–166.1)    0.51 (0–11.20)    3.71 (0–130.0)    1.11 (0–12.09) 

     1.11 (0–74.9)       0.62 (0–46.8)       1.93 (0–82.8)       0.91 (0–9.89)      6.72 (0–103.5)      2.82 (0–16.9)        0.158 ________________________________________________________________________________________________________ a En general, se analizaron 18, 40 y 30 muestras tomadas a los 65 días de mediana (rango, 59–73 días), 91 días de mediana (rango, 80–119 días) y 360 días de mediana (rango, 304–405 días), respectivamente, de pacientes con un episodio previo de DNAemia de CMV, y 34, 37 y 25 muestras obtenidas a los 62.5 días de mediana (rango, 51–73 días), 93 días de mediana (rango, 84–102 días) y 360 días de mediana (rango, 343–374 días) respectivamente, de pacientes sin episodio previo de DNAemia de CMV. b Las diferencias entre las medianas se compararon con el test U de Mann-Whitney. Un P-valor ≤0.05 fue considerado estadísticamente significativo. Se muestran las medianas de los números de células/μl (rango). 
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Artículo 5
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Tabla 9. Datos demográficos y clínicos de receptores de alo TPH y características virológicas de
los episodios de DNAemia de CMV en los grupos de estudio (correspondiente a la Tabla 1,
artículo 5).
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2 En el artículo de Pietersma et al. se administró ATG junto con el régimen de acondicionamiento 
para la depleción in vivo de células T en pacientes receptores de trasplante de donantes no 
emparentados o con incompatibilidad HLA (n=65), correspondiente al 60% de la población 
estudiada. Además, no se indica cuántos de estos pacientes pertenecían a cada grupo (D-/D+). 
3 En el artículo de Pietersma et al. se inició tratamiento anticipado con valGCV (900 mg / 12h) cuando 
la DNAemia de CMV fue >500 copias/ml. Sin embargo, el 46.7% de los pacientes que presentaron 
una reactivación por CMV presentaron valores de DNAemia <500 copias/ml y por lo tanto no fueron 
tratados.
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12.1. Anexo I

INFORME RAZONADO DEL LUGAR DE FIRMA DEL DOCTORANDO EN
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12.2. Anexo II

ESCRITO DE LOS DIRECTORES DE LA TESIS DOCTORAL SOBRE EL

FACTOR DE IMPACTO DE LAS PUBLICACIONES QUE SE RECOGEN EN LA

TESIS DOCTORAL
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12.3. Anexo III
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12.4. Anexo IV

INFORME DE LOS DIRECTORES DE LA TESIS DOCTORAL SOBRE LA

COAUTORÍA DE LOS TRABAJOS PRESENTADOS
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