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Abstract Allogeneic haematopoietic stem cell transplan-
tation (HSCT) is an intensive medical treatment involving
myeloablative chemo-radiotherapy followed by stem cell
rescue using allogeneic haematopoietic stem cells har-
vested from HLA-matched donors, which is primarily used
for the treatment of haematological malignancies. Cyto-
megalovirus (CMV) infection is one of the major causes of
morbidity and death after HSCT. This focused research
review highlights the advances made with research into
CMYV in the HSCT setting. It provides the reader with an
overview of current CMV research into the prevention and
management of CMV infection.
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rescue using allogeneic haematopoietic stem cells har-
vested from HLA-matched donors, which is primarily used
for the treatment of haematological malignancies. It is gen-
erally accepted that following ablation of the host marrow
and immune system, the reconstitution of donor-derived
immune system confers a graft versus leukaemia (GvL) or
tumour effect which is associated with improvements in
survival [1].

The main determinants of survival after HSCT are
donor-recipient matching, the development of Graft versus
Host disease (GvHD), the GVL effect, and viral infections.
Although HSCT outcomes are improving, viral infections
remain a significant cause of morbidity and mortality [2].
Although CMV infection is the main viral cause of morbid-
ity and mortality after HSCT, the clinical importance of
viruses, such as the adenovirus, bocavirus, coronovirus and
HHV-6 is increasingly recognised [3].

The immune response to CMYV infection

Around 50-85% of the general population are infected with
CMYV [4]. The virus is transmitted by salivary contact, sex-
ual intercourse and by blood products. With the exception
of pregnancy, infection with CMV is rarely pathogenic in
immunocompetent individuals. After infection the virus
establishes lifelong latency. The immune response against
CMYV is predominantly mediated by cellular immunity.
After primary infection, CMV persists in the host in a deli-
cate balance between the immune system and the virus,
where the immune system actively prevents reactivation
and replication of the virus. CMV reactivation occurs
mainly in CMV seropositive patients receiving allogeneic
HSCT, derived from CMV negative donors or in CMV pos-
itive recipients, where donor CMV-specific T cells have
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been depleted by conditioning chemotherapy and immuno-
suppression.

Over the last two decades, numerous studies have been
conducted to identify the major CMV target antigens that
induce cell mediated immune responses and the CMV pep-
tides that are presented in association with different HLA
molecules [5]. These studies have provided new informa-
tion about the immune response to CMV and have led to
the development of more sophisticated reagents, enabling
studies of different aspects of the immune response. The
majority of these studies have concentrated on cytotoxic T
lymphocytes, mainly due to a lack of available reagents for
helper T lymphocytes and evidence of the latter’s impor-
tance only becoming apparent in the last 5 years [6-8].

The recognition of virally infected cells by CD8+ T cells
requires the viral proteins to be processed into peptides by
the cell’s proteosome complex. The peptides that are gener-
ated are loaded onto major histocompatibility complex
(MHC) class I molecules, which are typically 8-10 amino
acids long. Virally derived peptides are transported into the
endoplasmic reticulum for loading onto MHC class I mole-
cules. The antigenic complex is then transported to the cell
surface for display.

The major antigen targeted by CMV specific cytotoxic T
lymphocytes (CTL) has been identified as the coat phos-
phoprotein 65 (pp65) [9]. The protein does not require viral
gene expression and is one of the first antigens to be pre-
sented on the surface of infected cells [10]. Thus, pp65 is an
ideal target for cytotoxic lymphocytes (CTL) as it is intro-
duced into the cell during viral entry and is rapidly avail-
able for processing in the MHC class I pathway.

To date, most of the identified pp65 CD8+ T cell epi-
topes originate from HLA alleles that are predominant in
the Caucasoid population, such as HLA-A*0201 [11].
Other target antigens that may enhance the immune
response include the envelope protein glycoprotein B,
pp28, IE1, and pp150 [12, 13]. The characterisation of the
pp65 peptide epitopes for the HLA types Al, A2, A3, A24,
B35 and B44 would potentially allow the formation of a
multi-subunit anti-pp65 peptide vaccine that would cover
90% of the Caucasoid population.

Although CMV peptide epitope discovery is an active
area of research, progress is slow, as the identification of
CMYV peptides is complex and laborious. This has led to the
development of new rapid methods using both cellular
techniques and computer generated models for predicting
CMYV epitopes [14], and has led to an increasing list of
known CMV epitopes [5].

To scan for new CMV epitopes, Paston and Dodi [5]
used peptide mapping pools, in which the amino acid
sequence of the CMV antigens IE1 and pp65 was broken
down into mapping pools, containing 15-mer peptides that
overlap by 11 amino acids. To map the IEI antigen there
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are eight mapping pools and nine mapping pools for pp65,
with each mapping pool containing approximately 15
peptides. Each mapping pool spans 50 amino acids of the
protein sequence, meaning that all potential peptides are
included. In order to determine the portion of the antigen
that elicits an immune response, peripheral blood mononu-
clear cells (PBMC) from thirty healthy donors were stimu-
lated with both the IE1 and pp65 panel of mapping pools;
IFN-y production was measured by intracellular staining
and flow cytometry.

The CD8+ T cell responses to the pp65 and IE1 antigens
are mainly located towards the carboxyl end of the antigens
(Fig. 1). The pp65 antigen showed the greatest diversity in
response with the majority of the cohort responding to map-
ping pools 5-9. The CD8+ T cell responses to the IE1 anti-
gen were less diverse and were mainly confined to mapping
pools 4 and 6. The range of CD8+ T cell responses varied
between donors, with some having a high level of respon-
siveness, while in others the response was just above back-
ground levels.

Paston and Dodi observed that CMV peptides are pre-
sented in an HLA allele hierarchy in relation to the relative
dominance of the HLA-B*0702 molecule over HLA-
A*0201. Tetramer staining has revealed that a number of
CMV seropositive HLA-A*0201 individuals do not have any
tetramer positive T cells to the dominant pp65 HLA-A*0201
peptide. Individuals that do not respond to the HLA-A*0201
peptide were found to be HLA-B*0702. These HLA-
A*0201/B*0702 individuals manifest their CMV response in
context of HLA-B*0702. The immunodominance of HLA-
B*0702 over HLA-A*0201 has been observed by others [15]
and described in EBV infection [16].

The development of HLA tetramer technology for
detecting human T cells has added a new dimension to the
study of cell mediated immunity [17, 18] as knowledge of
HLA specificities allowed the identification of antigen-spe-
cific T cells by staining with HLA-tetramers. HLA tetra-
mers can be used in conjunction with viral monitoring to
study the relationship between CMV reactivation and
CMV-specific CTL responses following CMV seropositive
HSCT [19]. Studies using HLA tetramers have shown that
CMV-specific CTLs are responsible for controlling CMV
reactivation after allogeneic HSCT [20, 21]. Delayed or
absent T cell expansion of CD+ T-cells after HSCT is asso-
ciated with a high risk of CMV infection [22] and may lead
to resistant or refractory CMV disease.

CMY infection in the setting of haematopoietic
stem cell transplantation

Primary CMV infection or reactivation of CMV in the
setting of HSCT causes pneumonitis, hepatitis, colitis and
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bone marrow suppression, amongst many other complica-
tions. Early CMV reactivation or primary CMV infection
can be detected by regular monitoring for using quantitative
polymerase chain reactions and pp65 antigeneamia. Risk
factors for CMV reactivation include CMV viraemia, high-
quantitative pp65 antigeneamia and high DNA load [23].

Most cases of CMV occur late, which can be defined as
>100 days after transplant. Approximately 30% of patients
receiving an allogeneic HSCT will experience a late CMV
reactivation, which is associated with a mortality rate of
approximately 46% [23]. Risk factors for late relapse
include GvHD, persistent lymphopenia (>100 days) and a
CMYV-seronegative donor graft [24].

Strategies to prevent primary CMV infection include
matching seronegative donors to seronegative recipients,
prophylactic antiviral drugs and the search for a vaccine

Mapping pool

against CMV for use in donors and allograft recipients.
There are only four licensed antiviral drugs for the treat-
ment of CMV which target the viral DNA polymerase;
these are ganciclovir and its prodrug valganciclovir, cidofo-
vir, foscarnet and the antisense oligonucleotide Fomivirsen,
which is only licensed for intra-ocular use. These drugs are
characterised by poor oral bioavailability, significant drug
toxicity and moderate efficacy [25]. The emergence of drug
resistance is common, as most of these drugs share a simi-
lar mechanism of action [26]. Despite antiviral treatment,
late onset reactivations are often resistant to treatment.
Prophylactic administration of ganciclovir during
engraftment can prevent CMV reactivation within the first
3 months after HSCT [27]. However, ganciclovir is immu-
nosuppressive and prevents the recovery of HLA restricted
CMV-specific lymphocytes [28]. The use of prophylactic
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immunoglobulins in patients at high risk for CMV infection
after HSCT does not reduce the incidence of CMV infec-
tion [29].

CMY vaccination

Vaccination offers the potential to prevent CMV infection
in CMV negative HSCT recipients and to induce CMV
immunity in CMV negative donors. The development of a
CMYV vaccine is a research priority as congenital CMV
infection is a significant cause of cognitive, auditory and
motor disabilities in newborn infants, as well as morbidity
and mortality after solid organ transplantation.

CMYV vaccine development is particularly challenging as
repeat infections occur with new strains of the virus [30,
31]. Although the Towne vaccine can prevent CMV disease
in renal allografts recipients, vaccinated patients may still
acquire CMYV infection [32] and the induced immunity is
insufficient to prevent infection in the setting of HSCT.

As the viral tegument protein pp65 is expressed in all
strains of CMYV virus, the identification of the nanomere
peptides for HLA-A*0201 [11] derived from the viral tegu-
ment protein pp65 may allow the development of a peptide
vaccine against CMV. Since this early work, epitopes for

Table 1 Current CMV vaccines in clinical trials

up to 90% of Caucasian tissue types have been identified
[5] which will help to pave the way for trials of peptide-
based vaccines against CMV infection.

Vaccines against other CMV proteins such as the viral
envelope portent glycoprotein B and DNA vaccines con-
taining plasmids encoding pp65 or glycoprotein B are in
development (Table 1). Results from a recent phase II pla-
cebo-controlled, randomised, double-blind study of recom-
binant CMV envelope glycoprotein B with MF59 adjuvant
have recently been reported [33]. In the study, 464 patients
were randomised to receive either CMV envelope glyco-
protein B with MF59 adjuvant vaccination or placebo. The
patients were all CMV negative antibody postpartum
women who were considered to be at risk of CMV infec-
tion.

The subjects were vaccinated postpartum with either
CMYV glycoprotein B vaccine with MF59 adjuvant or pla-
cebo at 0, 1 and 6 months. The trial met the criteria for
early termination because of a vaccine efficacy of 50%
(95% CI 7-73: infection rates per 100 person-years) and a
phase III trial is planned. A phase II trial (NCT00299260)
investigating the immunogenicity of a CMV Glycoprotein
B vaccine in solid organ allograft recipients has just com-
pleted enrolment in the United Kingdom and results are
expected later this year.

Vaccine ClinicalTrials.  Clinical trial aim Status
gov identifier
VCL-CBO1 NCT00285259 To evaluate the safety, immunogenicity, This study is ongoing,
and clinical benefit in donors and CMV-seropositive but not recruiting
recipients undergoing allogeneic matched HCT participants
gB/MF59 Vaccine NCT00133497 To evaluate gB/MF59 vaccine in preventing This study is currently
CMYV Infection in healthy adolescent females recruiting participants
Recombinant CMV gB Vaccine NCT00125502 To evaluate the immunogenicity of CMV This study is ongoing,
gB vaccine in postpartum women but not recruiting participants
CMV gB Sub-Unit NCT00435396 To evaluate the safety and immunogenicity Completed enrolment
Vaccine GSK1492903A in CMV-seronegative healthy adult males. and results are awaited
PADRE-CMV fusion peptide NCT00722839 A phase I dose escalation study of the This study is currently
vaccine or tetanus-CMV peptide vaccine in healthy participants recruiting participants
fusion peptide vaccine
Drug: ALVAC-CMV (vCP260) NCTO00353977 To evaluate the induction of CMV-specific This study has been
immunity in stem cell allotransplant completed. Results
donors and healthy volunteers are awaited
pDNA CMV Vaccine NCT00373412 To evaluate safety and CMV-specific immune This study has been
(VCL-CT02) response to pPDNA CMV Trivalent Vaccine completed. Results
Followed by Towne CMV (VCL-CTO02) followed by Towne CMV Vaccine are awaited
Vaccine (Towne) Challenge (Towne) in Healthy, CMV-seronegative volunteers
CMV gB vaccine NCT00299260 To evaluate immunogenicity in solid organ Trial has completed
allograft candidate recipients enrolment. Results
are awaited
Towne Strain of CMV NCT00201448 To evaluate the immunogenicity and efficacy This study has

of the vaccine in seronegative women

been suspended

A full list of all active and completed trials can be found at http://www.clinicaltrials.gov
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Other vaccines in development include the CMV DNA
vaccine, VCL-CBOI1, which contains plasmids encoding
pp65 and glycoprotein B formulated with the poloxamer
CRL1005 and benzalkonium chloride to enhance immune
responses. In a recent phase I trial, the vaccine induced in
immunogenicity in 45.5% of CMV-seronegative subjects
and in 25.0% of fully vaccinated CMV-seropositive sub-
jects. Also 68.1% of CMV-seronegative subjects developed
memory IFN-gamma T cell responses at 32 weeks after
vaccination [34]. A larger Phase 2 trial (NCT00285259)
evaluating the vaccine in donors and CMV-seropositive
recipients undergoing allogeneic HSCT is in progress.

Adoptive cell transfer therapies for the treatment
of viral infections

The lack of effective non-toxic antiviral therapies has lead to
considerable research into cellular treatments for CMV.
Understanding of T cell responses to CMV could lead to the
development of targeted adoptive cell transfer (ACT) thera-
pies for the treatment of both viral infections and malig-
nances. ACT is the isolation of autologous or allogeneic
lymphocytes with specific anti-viral or anti-tumour activity.
The principle advantage of ACT is that a few highly specific
lymphocytes can be expanded in vivo or in vitro and can be
used as a treatment for a disseminated disease.

Achievements in adoptive immunotherapy have been
seen primarily in the fields of melanoma and in haemato-
poietic stem cell transplantation. In the latter, adoptive
immunotherapy has evolved from the recognition of GvL
effect transferred from the donor to the recipient of bone
marrow transplant in the late 1980s, to the use of non-spe-
cific donor derived T cells in the 1990s for the treatment of
viral infections.

An early successful example was antigen-targeted CTL
immunotherapy for Epstein Barr Virus (EBV) associated
post-transplant lymphoproliferative disorder [35, 36]. In
these studies, EBV transformed lymphoma, resulting from
iatrogenic immunosuppression of HSCT patients, regressed
after infusing in vitro EBV-specific donor CTLs, which had
been expanded using EBV-transformed donor B cells as
simulators. However, this approach is costly and labour—
intense as establishing the simulators and expanding the
CTLs requires months of preparation and although effec-
tive, this approach has not been universally adopted.

The experience in immunotherapy to date has shown that
HSCT offers a unique immunological environment for
introducing adoptive CTL. In a profoundly lymphopenic
environment, as seen after HSCT conditioning, the ‘vacated
space’ allows rapid homeostatic expansion of lymphocytes
driven by cytokines such as IL-7, and IL-15 [37]. The
induction of lymphopenia, using fludarabine and cyclopho-

phamide, allows massive expansion of in vitro selected
autologous T cell clones and improves responses to ACT.

Similar lymphoid expansions are seen post-HSCT where
the initial rapid expansion of post-thymic donor T cells,
derived from donor’s peripheral T cell compartment, consist-
ing of central memory and effector memory T cells which are
crucial for the success or failure of HSCT due to their impact
on engraftment, GVHD, GvL and antiviral activity [38, 39].

In later post-transplant stages (up to a year), the normali-
sation of the immune system requires the emergence of
newly tolerised T cells processed from precursors through
the recipient’s thymus. Initially, in the early stages post-
HSCT, the mature donor repertoire interacts with the new
recipient environment, and leads to clonal expansion to
diverse antigens, driven by lymphopenia and cytokines. It
is this window of opportunity, post-HSCT, that may allow
rapid homeostatic expansion of immunotherapeutic CTLs.

Early clonal expansion of CMV-specific CTLs is depen-
dent on the presence of cells with these specificities in the
donor. Therefore, the most effective immunotherapy
approach may be to introduce unmanipulated ex vivo anti-
gen experienced cells or in vitro expanded epitope-specific
T cells into the patient in the early stages following HSCT
in order for the patient to benefit from the physiological in
vivo homeostatic expansion.

The most dramatic expansion of epitope specific T cells
was seen in a phase I clinical trial of ACT for CMV reactiva-
tion in stem cell transplant recipients. Antigen-experienced
CMV-specific T cells, isolated using HLA tetramers and
nanomagnetic beads, were transferred directly to post-HSCT
patients without further manipulation or expansion [40].
Eight out of nine patients treated had a complete resolution of
CMV viraemia without any adverse events or GvHD attribut-
able to the cell therapy. Only a small number of T cells of a
mean of 0.5 x 10° were required to achieve complete resolu-
tion of the viraemia, which can be obtained from a single
whole blood donation. Cells selected with this method are up
to 99% pure and able to expand 250 fold in vivo following
infusion. Non-specific potentially alloreactive cells account
for less than a total of 10* cells, which is below the generally
accepted cell dose threshold for GVHD of 10* per kilogram.

The use of directly selected ex vivo antigen-specific
CTL for transfer to recipient is currently the most promis-
ing strategy for ACT. Patients can have almost immediate
access to cell therapy selection procedures, which can be
undertaken by routine cell therapy laboratories with experi-
ence in immunomagnetic selection. In addition, efficacy
and costs are comparable to prolonged pharmacological
antiviral therapy. A recent study in which donor derived
CMV specific CTLs, stimulated with Ad5f35pp65 gene-
modified dendritic cells, were administered prophylactically
to 12 patients after allogeneic HSCT showed promising
results. In the study, no patient required treatment for CMV
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disease and immune reconstitution to CMV was demon-
strated in all patients [41]. Clinical trials are currently in
progress of CMV pp65-specific CTLs (Table 2), generated
using pp65 peptides, in patients who have undergone allo-
geneic HSCT and have persistent CMV infections despite
antiviral treatment with ganciclovir or foscarnet.

On top of CMYV infection and reactivation, adenovirus
infection after HSCT is estimated to occur in around 25%
of patients after HSCT due to delayed immune reconstitu-
tion. Humans are susceptible to over 51 serotypes of adeno-
virus, which can cause heamorrhagic cystitis, pneumonitis,
colitis, hepatitis, pancreatitis and nephritis. Paediatric recip-
ients of donor allogeneic bone marrow transplants are at
particularly high risk of adenovirus infection [42].

Treatment for adenovirus infection is limited to cidofo-
vir, reduction in immunosuppression and intravenous
immunoglobulin. ACT has a potential role in the manage-
ment of adenoviral infections as antiviral drugs are of lim-
ited efficacy and infection can be prevented by the recovery
of virus specific T cells [43]. Clinical trials of closely
matched allogeneic virus specific CTLs to treat and prevent
reactivation or infection with adenovirus, CMV and EBV
after HSCT are ongoing (Table 2).

The role of artificial antigen presenting cells
in adoptive cellular therapies

Adoptive immunotherapy is evolving towards the infusion
of selected subsets of T cells to prevent the induction of

anti-host responses. It is clear that small numbers of unma-
nipulated CMV specific donor T cells can effectively con-
trol CMV reactivation in patients undergoing bone marrow
transplantation due to the empty “privileged” immune envi-
ronment in these patients which allows the rapid expansion
and reconstitution of adoptively transferred T cells. However,
finding matched donors to provide cells can be difficult
and current methods for the generation of antigen-specific
T cells are laborious and difficult to replicate.

HSCT is just one scenario where adoptive immunother-
apy plays an important role. In other forms of cancer,
patients do not posses the empty “privileged” environment
and anti tumour specific T cells are simply not available
from healthy donors. The in vitro generation of anti tumour
specific T cells can be challenging in these patients. Since
natural antigen presenting cells (APCs) have fundamental
roles in mounting, organising and suppressing immune
responses, there has been a large drive to create artificial
antigen presenting cells (aAPCs) to manipulate the immune
system in diseases such as cancer and viral infections,
which have overwhelmed, suppressed and/or evaded the
immune system.

These aAPCs can be considered as reagents with “off the
shelf” availability, avoiding the need to harvest and expand
natural APCs from patients and/or donors. The aAPCs vary
in their potency, biosafety, speed of expansion and the
specificity and quality of the T cells generated. The devel-
opment of aAPCs, which mimic in vitro and in vivo den-
dritic cell functions, is an area of active research, for
example, the generation of artificial exosomes (explained

Table 2 Current clinical trials of ACT for the treatment or prevention of CMV and other HSCT related viral infections

ClinicalTrials.gov  Clinical trial aim

Status

identifier
NCT00674648 The safety and efficacy of donor T Cells sensitised with pentadecapeptides
of PP65 for the treatment of CMV after allogeneic HSCT
NCT00611637 The efficacy of pp65 CTLs in preventing after allogeneic HSCT
NCT00159055 The efficacy pre-emptive treatment of seronegative patients at risk or patients
with documented viremia or CMV disease with CMV-specific CTLs
NCT00078533 To evaluate the efficacy and safety of CMV-specific CTLs for prevention
of CMYV after allogeneic HSCT
NCT00682864 To evaluate emergency treatment of persistent or therapy refractory
CMV infection with pp65/1.E-1 Specific CTLs after HSCT
NCT00590083 Administration of CMV-specific CTLs for the prophylaxis and therapy
of adenovirus infection post-allogeneic stem cell transplant
NCT00058812 Giving EBV virus specific CTLs after HSCT
NCT00711035 Closely HLA matched allogeneic virus specific CTLs for the treatment
of persistent reactivation or infection with adenovirus, CMV and EBV after HSCT
NCT00111033 To evaluate CMV specific CTLs for adenovirus infection following an HSCT

This study is currently recruiting
participants

This study is currently recruiting
participants

This study is currently recruiting
participants

This study is currently recruiting
participants

This study is currently recruiting
participants

This study is ongoing, but not
recruiting participants

This study is currently recruiting
participants

This study is currently recruiting
participants

This study has been completed
and results are awaited

A full list of all active and completed trials can be found at http://www.clinicaltrials.gov
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below). Natural dendritic cell derived exosomes are able to
mediate and modulate immune responses in vivo by semi-
direct T cell activation [44, 45]. Importantly novel artificial
exosomes can form a targeted and traceable nanotechnol-
ogy system for expanding T cells for adoptive and active
immunotherapy [46].

In vivo artificial exosomes have been created by coating
liposomes with an optimised number of MHC Class I/II
peptide complexes and a specific range of ligands for adhe-
sion, early activation, late activation and survival T cell
receptors. These targeted artificial exosomes (also known
as immunoliposomes) are super para-magnetic (magneto-
liposomes) and are traceable in vitro and in vivo via fluo-
rescent and magnetic resonance imaging and can be
focused to specific areas by applying external magnetic
attraction [47, 48]. Artificial exosomes can activate and
expand functional antigen specific T cells at sufficient lev-
els and exemplify one of the many uses of aAPCs from the
treatment of viral infections to cancer nanotechnology and
immunotherapy.

Other aAPCs include coated beads, constructed using
soluble an HLA antigen-immunoglobulin fusion protein
and a CD28 antibody, can induce and expand CMV specific
CTLs [49]. aAPCs expressing the full length pp65 are able
to expand and produce clinically relevant numbers of CMV
specific CTLs from the blood of HLA A2.1 donors, which
can kill CMV infected fibroblasts [50]. Importantly, these
cells were generated from only 100 ml of blood and had a
memory phenotype identical to those generated with autol-
ogous APCs.

The aAPC systems, which activate T cells by either
polyclonal stimulation or by antigenic specificity and are
starting to revolutionise the way immunotherapy is deliv-
ered to patients. A limitation of aAPCs is that the mounting
of ‘in vivo’ immune responses is dependent on memory or
naive T cells, which may have been deleted, killed or
anergised as a consequence of immune evasion and sup-
pression mechanisms or by transplant conditioning regi-
mens. Therefore, the latest generation of artificial APCs
must be capable of mounting immune responses both in
vitro and in vivo depending on the patient’s requirements.

Conclusions

The promising findings from recent CMV vaccination trials
and clinical trials of adoptive cellular transfer therapies for
CMYV and adenovirus suggest that decades of research are
starting to yield tangible results. There is great potential for
artificial antigen presenting cells to provide ‘off the shelf’
access to ACT for the treatment of viral infections and can-
cer which should be a priority for clinical development.
Although ACT therapies are showing great promise, the

prevention of CMV infection will make HSCT safer and
more successful. To prevent and treat CMV infections,
improved antiviral therapies are needed together with a
better understanding of CMV immunity.
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