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Background and Objective. Human cytomegalovirus
(HCMV) infection and disease remain a major cause
of morbidity and mortality after bone marrow trans-
plantation. HCMV disease, especially pneumonitis,
may be treated with ganciclovir and immunoglobulin
but even so the outcome is poor with mortality rates
of 30-70%. It is therefore imperative to treat HCMV
infection before it develops into disease. The aim of
this article is to describe the main strategies used
to prevent HCMV infection and to improve the sur-
vival after CMV disease in bone marrow transplant
recipients. 

Information sources. In the present review, we exam-
ined personal papers in this field and articles pub-
lished in journals covered by the Science Citation
Index and Medline.

State of the Art. Major advances have been made in
preventing HCMV infection and disease through two
different approaches, both of which reduce HCMV
induced morbidity and mortality: in pre-emptive ther-
apy, patients are given ganciclovir when HCMV infec-
tion is first identified and this is continued 3-4
months after transplantation; in prophylactic thera-
py ganciclovir is given to all patients at risk of HCMV
disease from engraftment up to 3-4 months post
transplantation. Each strategy has advantages and
disadvantages and there is no evidence for the supe-
riority of one over the other since the overall survival
is the same and the incidence of death from HCMV
disease is similar. 

Perspectives. The use of more sensitive tests such
as HCMV PCR or antigenemia may improve the out-
come but probably will not eradicate all HCMV dis-
ease. Future possible strategies could include adop-
tive transfer of CD8+ HCMV-specific cytotoxic T lym-
phocytes clones derived from the donor marrow or
boosting donor or patient immunity using subunit
anti-HCMV vaccines such as gB or pp65.
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Human cytomegalovirus infection and
disease

Human cytomegalovirus (HCMV) is a ubiquitous
herpesvirus that infects 40-100% of adults. Primary
infection with HCMV always leads to the virus per-
sisting for long periods in the host as a latent infec-
tion. In immunocompromised individuals HCMV
can reactivate (HCMV infection) and may give rise to
a clinical illness (HCMV disease).1 Several studies
show that bone marrow progenitors act as a reser-
voir of HCMV and transmit the viral genome to
peripheral blood monocytes, without lytic-gene
expression, until they leave the circulation and under-
go tissue-specific differentiation to macrophages.2-6 

Infection and disease due to HCMV are major
complications of allogeneic bone marrow transplan-
tations (BMT)7 and in several studies in the 1980s
the incidence in seropositive patients have been
reported as 42% to 69% and 16% to 25%, respective-
ly.1,8-9 HCMV infection commonly occurs one to three
months after transplant and may be followed by dis-
ease manifestations approximately 15 days later.10

Pneumonia remains the most frequent manifestation
of HCMV disease with an incidence of about 15%
and a mortality rate between 30-52%.11,12 The clinical
presentation includes fever, non productive cough,
tachypnea, hypoxemia and bilateral interstitial infil-
trates.7,13,14 HCMV can also be a less frequent cause
of gastrointestinal ulcers (affecting the entire gas-
trointestinal tract),15,16 and retinitis.17 Syndromes that
have also been associated with HCMV include a
mononucleosis-like illness (fever, arthralgia, malaise),
marrow suppression, and hepatitis.18-21

Risk factors for HCMV infection 
and disease in allogeneic BMT

The major risk factor for HCMV infection is the
serostatus of the patient prior to transplant.7 HCMV
seropositive recipients, regardless of their donors’
antibody status, are at high risk of recurrent HCMV
infection, whereas HCMV seronegative individuals
who receive marrow from HCMV seropositive
donors are at a lower risk of primary infection7,22 sug-
gesting that the donor marrow is of limited impor-
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tance in the transmission of HCMV. Those at lowest
risk are HCMV-seronegative patients with a seroneg-
ative donor since the main risk factor for HCMV
infection is the use of blood products from seropos-
itive donors (Table 1).23,24 The risk of HCMV disease
is primarily dependent on the risk of HCMV infec-
tion, and HCMV viremia in particular has a high pos-
itive predictive value for subsequent disease.10 Sec-
ondary factors include severe graft-versus-host dis-
ease (GvHD),25 a transplant from a volunteer unre-
lated donor (VUD)26 and delayed reconstitution of
the HCMV-specific cytotoxic T cell response.27

HCMV infection and disease in VUD
BMT recipients

Allogeneic BMT is a widely accepted treatment for
hematologic malignancies, bone marrow failure syn-
dromes and congenital disorders of the lymphohe-
mopoietic system.28 The probability of having an
HLA-identical sibling donor is about 25% so to
increase the availability of donors, transplants from
unrelated donors have been performed.29-30 The use of
VUDs is associated with increased morbidity and
mortality when compared with HLA-identical sibling
donor BMT, due to increased rates of GvHD, graft
failure and infections especially from HCMV.26,31-35

The reasons for this increased risk of HCMV infection
are multifactorial and include delayed immune recov-
ery, and an increased risk of severe GvHD.26,36-39

As already reported elsewhere,36,40 T cells play an
important role in controlling HCMV infection and
disease. HCMV-specific CD8+ T cells were shown to
be protective in humans.41 Reconstitution of CD8+ T
cells specific for HCMV was reported to correlate
with prior or concurrent recovery of CD4+ HCMV-
specific Th responses.42 Some authors43,44 found a
correlation between the lack of Th cell proliferation
capacity and the occurrence of HCMV pneumonia
after BMT. In fact, the lack of recovery or a progres-
sive decline of CD4+ T cells appear to be negative
prognostic factors for patients with HCMV infection.

In VUD-BMT recipients, antiviral therapy, in par-
ticular with ganciclovir (GCV), is started early after

transplant and may be responsible for the delay in
immunologic recovery against HCMV and conse-
quently for late HCMV infection and disease when
the antiviral drug is discontinued.

Antiviral therapy may contribute to the delay in
recovery of HCMV-specific T-cell responses by sever-
al mechanisms. GCV inhibits mitogen- and antigen-
induced T-cell proliferation in vitro because of effects
on cellular DNA synthesis.45 It exerts its antiviral
effects at the stage of viral DNA replication; therefore,
in the presence of the drug, infected cells may express
immediate early (IE) and early (E) gene products, but
not the full repertoire of HCMV genes necessary for
replication and new virion formation.46 In latently
infected HCMV seropositive individuals, the class I
HLA restricted CD8+ cytotoxic T-cell (CTL) response
to HCMV is predominantly specific for epitopes
derived from structural virion proteins and these anti-
gens are presented rapidly after entry of virions into
the cytoplasm.47 Thus, in individuals receiving GCV,
the viral antigens available may not be adequate to
activate host T-cell responses resulting in the failure
to reconstitute CMV-specific CD4+ Th and CD8+ CTL,
or responses specific for IE or E viral gene products
may be preferentially activated and these CTL may
not be sufficient to provide protective immunity. 

Moreover, growth of CTL is impaired in patients
who develop severe GvHD27 and VUD-BMT patients
usually have an increased incidence of GvHD com-
pared to sibling transplant recipients. However,
increased incidences of HCMV infection and disease
are observed in VUD BMT patients even in the
absence of GvHD.48 The reason for this may be that
GvHD prophylaxis and treatment are in themselves
immunosuppressive and increase the incidence of
HCMV disease.7,10,12,49 In vivo and in vitro studies have
revealed that alloantigenic stimulation of blood cells
from healthy donors facilitates the reactivation of
HCMV.4,50-52 Genetic disparity is greater in VUD BMT
recipients than in genotypically HLA-identical sibling
donors,53-55 so alloantigen stimulation by unknown or
undefined histocompatibility antigens may be anoth-
er important factor affecting the incidence of HCMV
infection and disease in VUD BMT. 

Antiviral agents with activity against
HCMV

Acyclovir was the first antiviral agent with in vitro
activity against HCMV used for treating HCMV dis-
ease, unfortunately without success.56 GCV (9-1,3
dihydroxy-2propoxymethyl guanine),57 an acyclic
nucleoside structurally related to acyclovir, has a
marked antiviral effect in HCMV-infected lung tis-
sue58 and in combination with intravenous immune
globulin (IV IG) is the current treatment of choice for
HCMV disease.12,48,59-61 Foscarnet (trisodium phos-
phonoformate) inhibits herpesvirus DNA polymerase
activity and has been shown to suppress replication
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Table 1. Risk of HCMV disease after allogeneic BMT.

HCMV antibodies Risk of HCMV disease

Donor Recipient Sibling donor Unrelated donor

- - Very low (23-24) Very low (23-24)

+ – Moderate (7, 22) Moderate (7,22)

– + High (7,22) Very high (7, 22)

+ + High (7, 22) Very high (7,22)

HCMV: human cytomegalovirus.



of HCMV in vitro.62-63 Several reports describe, with
various results, the use of foscarnet (alone64-68 or in
combination with GCV69) to treat CMV disease in
allogeneic BMT. In spite of these therapeutic options,
treatment of HCMV disease is frequently unsuccess-
ful. In fact, HCMV sometimes becomes resistant to
treatment,70-71 whilst in other situations antiviral
drugs have to be discontinued due to intolerance or
occurrence of severe side effects (myelosuppression
for GCV and renal failure for foscarnet). Given the
poor outcome of CMV disease and pneumonitis in
particular, effective prophylaxis is essential.

Diagnostic techniques for HCMV detection
In the management of patients at risk of HCMV dis-

ease, it is important to have rapid and sensitive meth-
ods of HCMV detection. Early diagnosis of HCMV
infection after allogeneic bone marrow transplanta-
tion can be performed in 3 different ways: immuno-
cytochemistry of infected human fibroblasts, the
DEAFF (detection of early antigen fluorescent foci);72

the expression of the 65 kDa lower matrix phospho-
protein (pp65) in peripheral blood leukocytes, so
called HCMV antigenemia;73-74 polymerase chain reac-
tion (PCR) for amplification of viral nucleic acid
sequences.75-76 The DEAFF is not sensitive enough to
identify all infected patients prior to the onset of dis-
ease because a substantial number of patients devel-
op HCMV disease without preceding viremia, as
defined by this test;77 in addition, it appears to be of
limited value in monitoring antiviral treatment or pro-
phylaxis because the patients become negative with-
in 2-3 weeks after initiation of treatment regardless of
clinical outcome.77

Recent studies have compared HCMV-PCR and
HCMV antigenemia78 and both tests are highly sen-
sitive in the diagnosis of HCMV infection (>85% sen-
sitivity); HCMV antigenemia appears to reflect the
viral load in the systemic circulation.78,79 In the setting
of allogeneic BMT, it is a sensitive, specific and rapid
technique which detects infection earlier than the
DEAFF test.80 HCMV antigenemia is also important
for the prediction of subsequent HCMV disease
because antigenemia can be detected from 1 to 4
weeks before the onset of clinical manifestations of
HCMV infection.81,82 The level of HCMV antigenemia
is reported to be inversely correlated to host immuno-
competence.83,84 On this subject, Takenaka et al.34

report that the peak levels of HCMV antigenemia are
increased in VUD BMT patients and that in these
patients the HCMV antigen-positive cells do not dis-
appear as rapidly after GCV treatment as they do in
HLA-identical sibling donor transplant patients.
These results suggest that host immunocompetence
may be profoundly suppressed in VUD BMT patients.
Similarly, the incidence of HCMV infection and
HCMV antigenemia in patients who receive a trans-
plant from a VUD are also higher than in those who
receive transplants from one locus HLA-mismatched

related donors, suggesting that there may be a dif-
ference in the degree of alloantigenic stimulation
between these two groups.34 Testing of HCMV-DNA
by PCR can be carried out on a variety of clinical spec-
imens including peripheral blood leukocytes (PBL),
plasma, serum, bronchoalveolar lavage fluids, tissue,
and urine. Variations of the technical aspects of the
PCR assay, the use of DNA versus RNA, as well as
the type of clinical material tested may alter the sen-
sitivity of the assay. In BMT patients, detection of
HCMV-DNA in PBL is the earliest indicator of HCMV
reactivation and persists longer than both DEAFF and
antigenemia after institution of antiviral treat-
ment.79,84,85 Recent studies have confirmed these
results using plasma-PCR or PCR of bronchoalveolar
lavage.86,87 However, HCMV-DNA can be detected in
a substantial number of patients not at risk of HCMV
disease79,88 so that it would be necessary to distin-
guish the latent from the active state of transcription
of the viral genes, perhaps by using quantitative PCR.

In this regard, Gerna et al.89 showed that quantifi-
cation of HCMV DNA in peripheral blood leukocytes
(PBL) could be an excellent tool for monitoring
HCMV infections and antiviral treatment in BMT
recipients, producing much better information than
qualitative PCR. They retrospectively quantified
HCMV DNA levels by PCR in pediatric BMT recipi-
ents, most of whom had been given pre-emptive ther-
apy on the basis of antigenemia values > 2 and found
that: starting therapy in the presence of a mean anti-
genemia level of 9.3 (range 1-22) corresponding to a
mean DNA level of 184.6 (range 20-710) genome
equivalents (GE) avoided occurrence of any major
HCMV-related clinical complications; clinical symp-
toms were associated with antigenemia levels > 100
and DNA levels >1000 GE; the effect of antiviral treat-
ment could be more carefully monitored by quantifi-
cation of viral DNA.

Prevention of HCMV disease after
allogeneic BMT (Table 2)

Use of IV IG
Use of IV IG or hyperimmune globulin remains a

controversial issue and in both HCMV seronegative
and seropositive recipients the main benefit is prob-
ably non-specific and due to a reduction in the inci-
dence of both GvHD and bacterial infection.48,90

Prevention of HCMV infection and disease in
HCMV seronegative patients

The use of HCMV seronegative blood products24,91

or leukocyte-depleted platelets and HCMV seroneg-
ative red blood cells92 can prevent HCMV infection in
HCMV seronegative recipients who receive marrow
from a seronegative donor. Moreover, recent techni-
cal advances mean that leukocyte depletion of red
blood cells is now possible and this may obviate the
need for HCMV antibody screening. Bowden et al.92

73CMV infection and disease after allogeneic BMT
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showed, in a prospective randomized trial, that fil-
tration of blood products is as effective as HCMV-
seronegative blood products in preventing transfu-
sion acquired HCMV infection after transplantation
in HCMV-seronegative recipients with HCMV-sero-
negative donors. They found that the two methods
are equivalent for prevention of HCMV infection
despite exposure to blood products from a very large
number of different donors.

Unfortunately, this policy does not reduce the rate
of primary HCMV infection in seronegative individuals
who receive marrow from a seropositive donor.24,91

The use of prophylactic antiviral therapy in this group
of patients is difficult to justify as the majority will not
develop HCMV infection or disease. In these cases
strategies using the antigenemia73,74 or PCR assays75,76

may be the best way to identify patients at higher risk
of HCMV disease.

Prevention of HCMV infection and disease in
HCMV seropositive patients 

Effective prophylaxis for HCMV infection and dis-
ease in patients who are HCMV seropositive at the
time of transplantation has not been clearly estab-
lished. In these patients the main strategy is to start
appropriate antiviral drug therapy to control HCMV
infection before HCMV disease has developed.
Unfortunately, none of the published studies were
designed to take account of possible differences in
response between sibling and VUD BMT patients.
Such differences are likely to be important in view of
the increased risk of chronic GvHD and infections in
the latter group.26

The first preventive antiviral drug strategy to be
devised involved acyclovir; in a non-randomized
prospective study acyclovir was observed to delay
HCMV infection and reduce HCMV disease if given at
a high dose (500 mg/m2) starting 5 days before BMT
and continuing until day 30 after the transplant.93 A
subsequent double-blind placebo controlled trial was
undertaken by the European Acyclovir Study Group in
which patients were given either high-dose intra-
venous or oral acyclovir for the first 30 days after

transplantation.19 Those given intravenous acyclovir
subsequently received oral acyclovir or placebo until
day 210. The patients who received long-term acy-
clovir therapy showed a delay in the mean time of
HCMV infection to 57 days after transplantation and
a 19% survival advantage at one year after BMT. The
results of this study have been questioned, with ref-
erence to differences in treatment of HCMV disease
at different centres, and have been, moreover, super-
seded by the availability of more potent anti-HCMV
drugs, ie GCV and foscarnet.

There are currently two different approaches to the
prevention of HCMV disease, and hence a reduction
in the associated rates of morbidity and mortality.
The first approach is to use antiviral therapy pre-emp-
tively. The majority of the published studies have
adopted GCV as the antiviral agent. Active HCMV
replication (HCMV infection) during the first 3-4
months after BMT (defined as the presence of HCMV
in blood, urine, pharyngeal washings or broncho-
alveolar lavage fluid), was used to identify those
patients at highest risk of HCMV disease. These
patients were given pre-emptive treatment with GCV
which continued until 3-4 months after transplanta-
tion. Two large studies77,94 showed a significant
reduction in HCMV morbidity and mortality but the
policy failed in some cases because HCMV disease
coincided with the first detection of HCMV infection.
Moreover, GCV therapy caused neutropenia at a
median of 35 days treatment.77 One study77 demon-
strated an improvement in survival whereas there was
no change in outcome in the other.94 The explanation
probably lies in differences between the two studies
(eg. total GCV dose, patient selection). 

In the second approach GCV is used prophylacti-
cally. Thus, all patients at risk of HCMV disease as
defined by pre-transplant seropositivity are given pro-
phylaxis as soon as engraftment occurs and this is
continued for 3-4 months after BMT. The intention
is to prevent CMV infection completely thus elimi-
nating the possibility of concurrent HCMV infection
and disease. The dose of GCV used varied from 5-6
mg/kg/day and the frequency of dosing from 3 times

Table 2. Strategies for prevention of HCMV disease in allogeneic BMT patients.

HCMV antibodies Strategy Results

Recipient/donor seronegative HCMV seronegative blood products Very effective24, 91-92

Recipient seronegative. Donor seropositive HCMV seronegative blood products Ineffective24, 91

Intravenous immunoglobulins Questionable48, 90

Antiviral drugs Little data. Presume effective as below

Recipient seropositive Intravenous immunoglobulins Questionable48, 90

Acyclovir prophylaxis Partially effective19, 93

Foscarnet prophylaxis or pre-emptive therapy Effective but not fully assessed100-105

Ganciclovir prophylaxis or pre-emptive therapy Effective but toxic18, 76-77, 94-99



weekly to daily; such differences may well have influ-
enced the likelihood of breakthrough HCMV infec-
tion. In the three early studies95-97 which evaluated
GCV prophylaxis, a historical control group was used
for comparison of rates of HCMV disease. The results
in each case were similar showing a decrease in the
incidence of HCMV infection but no improvement in
overall survival. Subsequently, two double-blind
placebo controlled trials18,98 clearly demonstrated
that prophylaxis is very effective at reducing the inci-
dence and severity of HCMV infections in these
patients but confirmed that there was no improve-
ment in overall survival. Moreover, as in the studies
using pre-emptive therapy, prolonged use of GCV
induced neutropenia18,98 and increased the risk of
bacterial and fungal infection.98 Furthermore, many
patients were exposed to the toxic side effects of
antiviral therapy although they would never have
developed HCMV infection or HCMV disease.35 Final-
ly, patients given prolonged GCV therapy are not able
to reconstitute the immune response to HCMV fully
and are thus at risk of late HCMV disease after ther-
apy has been discontinued.27

Therefore, although prophylactic and pre-emptive
GCV18,77,94,98 are effective at reducing HCMV disease,
the results are not uniformly successful. Recent stud-
ies have therefore been aimed at better identification
of the subgroup of patients at highest risk of HCMV
disease and at using short courses of GCV as
opposed to prolonged therapy in order to reduce tox-
icity. This has been made possible by the develop-
ment of antigenemia and PCR assays. Thus, whereas
the GCV studies described above18,77,94,98 used the
DEAFF test72 for rapid diagnosis of HCMV infection,
more recent investigations have used more sensitive
tests (antigenemia73,74 and PCR assays75,76) that allow
detection of HCMV infection earlier than the DEAFF
and hence give earlier warning of HCMV disease. 

Einsele et al.76 compared pre-emptive GCV based
on HCMV infection as detected by PCR or by DEAFF
test in a prospective study and, as expected, DEAFF
failed to detect HCMV reactivation before disease in
some patients. Furthermore, the incidence of HCMV
disease and the associated mortality were reduced
when GCV treatment was based on PCR positivity. In
both groups therapy was continued until the clinical
signs disappeared and PCR negativity was docu-
mented. No patient developed HCMV disease after
cessation of therapy. Moreover there was a reduction
in the duration and side effects of therapy especially
in the PCR arm of the study. 

Other investigators have chosen to use the HCMV
antigenemia test as an early indication of HCMV infec-
tion; Boeckh et al.99 conducted a randomized double-
blind study comparing GCV prophylaxis with place-
bo. In patients with antigenemia, the study drug (i.e.
placebo or GCV) was discontinued and GCV treat-
ment given for at least three weeks or until the HCMV
antigenemia test became negative, and was resumed

only if antigenemia recurred. It was found that delay-
ing the start of GCV until antigenemia occurred and
discontinuing GCV based on negative antigenemia
resulted in more HCMV disease before day 100 post-
BMT than GCV prophylaxis. However, GCV prophy-
laxis was associated with more early invasive fungal
infections and more late-onset HCMV disease (after
cessation of GCV at day 100) resulting in similar sur-
vival rates. 

Because of the problem with GCV toxicity, the use-
fulness of prophylactic foscarnet has been examined
in several studies.100-105 The first investigations100-102

showed that prophylactic foscarnet is effective in pre-
venting CMV disease (especially if used not only as an
inpatient prophylaxis but also as outpatient treat-
ment)102 but nephrotoxicity seemed to be a limiting
factor. Recently, several studies103-105 have confirmed
the initial reports. Bacigalupo et al.103 demonstrated
that HCMV prophylaxis with foscarnet, when com-
pared with acyclovir prophylaxis, reduced the risk of
developing HCMV antigenemia (91% versus 45%)
and decreased transplant related mortality (TRM)
(49% versus 13%); Ippoliti et al.104 reported that fos-
carnet is a safe and effective agent for prevention of
HCMV infection in allogeneic BMT recipients unable
to receive GCV because of neutropenia; Ljungman et
al.105 have suggested that a lower, less toxic dose of
foscarnet may be used for pre-emptive therapy with-
out increasing the risk of development of HCMV dis-
ease; a controlled trial is indicated to evaluate fully
the use of foscarnet in this context. A multicenter
international study is currently in progress, compar-
ing the efficacy of pre-emptive treatment with ganci-
clovir or foscarnet.

Prevention of HCMV disease in VUD
BMT recipients

An effective strategy for prevention of HCMV dis-
ease is essential after VUD BMT since these patients
have a higher incidence of HCMV infection and dis-
ease compared with those receiving allografts from
HLA-identical sibling donors.26,34 Pre-emptive or pro-
phylactic GCV is used in VUD BMT patients35,99 despite
the fact that very few studies specifically address the
prevention of HCMV disease in VUD BMT recipients.
However the small amount of data available suggests
that the problem of HCMV disease after VUD BMT
remains largely unsolved. Atkinson et al.106 found that
prophylactic GCV was less effective in the more heav-
ily immunosuppressed HLA-identical VUD BMT
patients than in HLA-identical sibling transplants.
Stocchi et al.107 found the probability of HCMV dis-
ease after VUD BMT to be 30%  despite the use of pro-
phylactic GCV, and pre-emptive GCV to be even less
effective giving a probability of HCMV disease of 64%
although survival was the same for both groups. Thus
new strategies for prevention of HCMV disease are
urgently needed after VUD BMT.

75CMV infection and disease after allogeneic BMT



HCMV infection and disease in pediatric BMT
recipients

The epidemiology of HCMV infection in pediatric
BMT recipients is not well defined. Most reports on
transplant-related HCMV infections have not ana-
lyzed data on children separately. Meyers et al.7

observed the rate of HCMV excretion and serocon-
version to be 35% in children under the age of 10
years and over 50% in older age groups. The actuar-
ial risk of HCMV antigenemia in children post-BMT
was reported to be 51% at 120 days.108 Some
authors109,110 evaluated the efficacy of HCMV pro-
phylaxis on the incidence and clinical manifestations
of HCMV infection in pediatric BMT recipients. One
report109 showed an incidence of HCMV excretion of
7.5 % using GCV at 30 mg/kg/week given 5 days per
week. Campolat et al.110 found a higher incidence of
HCMV infection (54%) using GCV prophylaxis at a
dose of 25 mg/kg/week given 5 days per week. Pos-
sible explanations could be a lower dose of GCV and
a relatively high proportion of T-cell depleted and
mismatched transplants in the latter report. GCV was
well tolerated and only 27% of patients developed
transient myelosuppression. In two other series of
pediatric patients108,111 a low incidence of neutrope-
nia was also observed. In conclusion, in pediatric
BMT recipients, as observed in adult patients, GCV
prophylaxis is not usually adequate to prevent HCMV
infection. However, these infections could be con-
trolled by intensifying antiviral therapy or by initiat-
ing effective pre-emptive antiviral treatment at the
first sign of infection.

Conclusions
In conclusion, there is no evidence for the superi-

ority of prophylactic over pre-emptive regimens since
the overall survival is the same and the incidence of
death from HCMV disease is similar.99,107 Prophylax-
is for late HCMV diseases is, however, needed espe-
cially in VUD BMT recipients. Some options for long-
term prophylaxis might be continued suppression of
viral replication with antiviral agents (GCV, foscar-
net103,104 or a combination of both69), or immuno-
logic strategies such as restoration of HCMV-specif-
ic T-cell immunity by adoptive transfer of HCMV-spe-
cific T-cell clones41 or boosting donor or patient
immunity, using subunit vaccines such as gB or
pp65.112,113
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