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Cytomegalovirus DNAemia and disease: incidence,
natural history and management in settings other than
allogeneic stem cell transplantation

Cytomegalovirus (CMV) reactivation
or primary infection occurs in 15 -
80% of recipients of allogeneic stem

cell transplants1 and is associated with sig-
nificant morbidity and mortality.2 Well-
defined strategies have therefore been
developed for prophylaxis, screening and
pre-emptive treatment,1,3-5 using sensitive
diagnostic testing for CMV such as pp65
antigenemia and CMV DNAemia.3, 6-10 The
risk of CMV disease occurring with other
therapies for hematologic malignancies had
been thought to be very low11-13 but again
with potentially significant CMV-related
morbidity and mortality.11 However, there
has been a rising frequency of CMV disease
noted with the increasing use of more
potently immunosuppressive therapies,11,14,15

necessitating a review of the incidence and
natural history of CMV disease in this pop-
ulation. The aims of this study were: (i) to
determine the epidemiology of CMV infec-
tion; (ii) to identify subgroups at risk of
CMV infection; (iii) to identify potential
relationships between CMV DNAemia and

CMV disease, and; (iv) to describe treat-
ment outcomes of CMV infection within a
population of hematology patients not
undergoing allogeneic transplantation.

Design and Methods

A retrospective case series of patients
with hematologic malignancies undergoing
treatment at the Peter MacCallum Cancer
Centre (PMCC) between 1 June 1999 and
31 June 2004 was performed. The PMCC is
a tertiary cancer institution that treats a
broad spectrum of malignant conditions.
Using a laboratory database, all patients
treated at PMCC with a positive CMV
polymerase chain reaction (PCR) result
from tissue, bronchoalveolar lavage fluid,
serum and blood specimens were identi-
fied. Of 56 patients, those who were CMV
PCR positive on urine, mucosal or skin
swab samples only, without CMV DNA
detected in whole blood, were excluded.
Patients who had undergone any form of
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Background and Objectives. Despite increasing intensity and profound immunosup-
pression associated with newer therapies for hematologic malignancies, little informa-
tion exists regarding cytomegalovirus (CMV) reactivation in settings other than allo-
geneic stem cell transplantation (SCT). 

Design and Methods. We reviewed the epidemiology of CMV disease in patients who
were CMV polymerase chain reaction (PCR) positive during treatment for hematologic
malignancies without allogeneic SCT from June 1999 to June 2004. 

Results. Thirty-six patients with CMV reactivation were identified. Of these, 92% were
undergoing investigation for fever. Fifteen patients with CMV DNAemia were treated
with ganciclovir without CMV disease developing. Notably, 20 patients with untreated
CMV DNAemia did not develop CMV disease during a median follow-up of 3.5 (1-19)
months. The highest rates of reactivation were observed with HyperCVAD (7.8%) and
alemtuzumab (50%).

Interpretation and Conclusions. We recommend that screening for CMV DNAemia be
instituted and pre-emptive therapy contemplated for asymptomatic CMV reactivation
only in patients receiving alemtuzumab therapy, but not routinely for other patients out-
side the allogeneic SCT setting. Indeed for such patients, detection of isolated CMV
DNAemia does not imply the need for immediate therapy and future studies are need-
ed to validate PCR detection of CMV DNA and CMV DNA titers as predictors for CMV
disease.
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allogeneic stem-cell transplantation prior to the CMV
PCR result were also excluded.  All diagnostic and
screening tests for CMV were performed by a single
reference laboratory, the Victorian Infectious Diseases
Reference Laboratory (VIDRL) during the study peri-
od. A qualitative herpes viridae multiplex PCR assay in
which primers for CMV, Herpes simplex virus type 1,
Herpes simplex virus type 2 and Varicella zoster virus are
used in each PCR reaction and the presence of specif-
ic viral DNA identified from a positive PCR product
was used to detect CMV DNAemia, and has been
described elsewhere.16 Quantitative determination of
the CMV DNA viral load in CMV DNAemia positive
samples was undertaken at the discretion of the
VIDRL and not performed on all samples. The number
of patients who had undergone herpes viridae multiplex
PCR testing at the VIDRL was also determined. These
patients were assumed to have suspected herpes viridae
infection at the time of investigation, unless identified
by chart review to have undergone pre-emptive
screening.

Pharmacy records at the PMCC were used to identi-
fy patients who had been treated with ganciclovir dur-
ing the study period, and pathology database records
were reviewed to identify patients with histological
evidence of CMV disease. Chart review was per-
formed to identify baseline CMV serological status
and potential risk factors for CMV reactivation, includ-
ing the number of previous therapies, the type of ther-
apy prior to CMV reactivation, and underlying hema-
tologic disease. Indications for PCR testing and infor-
mation regarding therapy, clinical outcome and fol-
low-up were also obtained.  Therapy immediately
prior to CMV infection was classified as conventional
chemotherapy, fludarabine-containing regimens, autolo-
gous stem cell transplantation (SCT), denileukin difti-
tox (recombinant interleukin-2 conjugated to diphthe-
ria toxin) and monoclonal antibody therapy with rit-
uximab or alemtuzumab. Denileukin diftitox and
alemtuzumab were primarily used in patients with
relapsed or refractory disease. Rituximab was used in
conjunction with conventional-dose chemotherapy
regimens. All patients undergoing autologous SCT
received unmanipulated stem cells. Allogeneic trans-
plants were not performed at the PMCC. The total
number of patients treated with each of these
approaches during the study period was determined
and used to estimate the event rate of CMV reactiva-
tion or primary infection within each subgroup. This
was defined as the number of patients  identified with
CMV DNAemia and/or CMV disease divided by the
total number of patients treated with a given therapy
over the period of this study. The number of patients
within each subgroup who had undergone investiga-
tion with herpes viridae multiplex PCR was also deter-
mined and these patients were assumed to have sus-

pected herpes viridae-related illness at the time of test-
ing. The policy for transfusion of blood products
remained consistent throughout the study period.
CMV negative recipients were administered blood
products from donors serologically negative for CMV.
CMV serology was determined at the VIDRL using
commercial ELISA kits (DiaSorin ETI-CYTOK-M
reverse PLUS and ETI-CYTOK-G PLUS).  Additional
blood leukoreduction filters were not routinely used
for red cell or platelet products during this period. No
routine CMV anti-viral prophylaxis was given. Herpes
simplex virus prophylaxis was valacyclovir 500mg
daily or acyclovir 200mg b.i.d. for autologous SCT and
HyperCVAD regimens17 until the absolute neutrophil
count exceeded 1.0×109/L.

Definitions
We used previously published definitions of CMV

infection.18 In brief, CMV reactivation was defined as
the isolation of the CMV virus or detection of viral
proteins or nucleic acid in any body fluid or tissue
specimen.  CMV DNAemia was defined as the isola-
tion of CMV DNA in whole blood, plasma, or periph-
eral blood leukocytes by a PCR-based technique.
CMV disease was defined as clinical symptoms or
radiological evidence consistent with CMV end organ
infection together with histopathological or immuno-
histochemical features of CMV infection on tissue
biopsy specimens.  In the presence of a new or chang-
ing pulmonary infiltrate, detection of CMV DNA in
broncho-alveolar lavage fluid was considered support-
ive evidence of CMV pneumonitis if it was otherwise
unsafe to obtain a tissue specimen.19 

Anti-CMV therapy
During the study period, CMV disease was treated

with ganciclovir 5 mg/kg IV b.i.d. adjusted for renal
function. At the discretion of the treating physician,
ganciclovir was also used to treat illness suspected to
be related to CMV infection in selected patients with
CMV DNAemia, or asymptomatic CMV DNAemia
with high or rising CMV DNA titers. Patients with
CMV DNAemia diagnosed at the time of a concurrent
bacterial or fungal cause for fever, spontaneously
defervesced on anti-bacterial or anti-fungal therapy or
who remained asymptomatic without rising CMV
titers while monitored for CMV DNAemia while
receiving alemtuzumab, were observed without anti-
CMV therapy at the discretion of the treating physi-
cian. 

Statistical analysis
A descriptive analysis was performed. Fisher’s exact

test was used to assess differences between categorical
variables. Stata Version 7.0 was used for statistical
analysis [StataCorp, 1997 #1150].
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Results

Patients’ characteristics
Of 2331 patients treated at the PMCC between 1999

and 2004, 36 patients fulfilled the study inclusion crite-
ria. These patients were aged between 35-77 years
(median 58.5 years), and 18 (50%) were male. Patients
had received a median of two therapies (0-9) prior to
the treatment during which CMV reactivation was
detected, with 64% having received two or more prior
therapies.  

The underlying diagnoses were acute leukemia (n=6),
chronic lymphocytic leukemia (n=6), B-cell non-
Hodgkin’s lymphoma (n=13), peripheral T-cell lym-
phoma (n=4), mycosis fungoides (n=3), γδ T-cell lym-
phoma (n=1), Hodgkin’s lymphoma (n=1) and multiple
myeloma (n=2). The high proportion of patients with
lymphoma in our cohort is a reflection of the patient
population treated at the PMCC.

Baseline CMV serological status and anti-viral
prophylaxis

Thirty-one patients had positive baseline CMV IgG
serology prior to the time of CMV infection. Four
patients were IgG negative, and baseline CMV serolo-
gy was not performed in one patient. Twenty-eight
patients (72%) were receiving anti-herpes simplex virus
prophylaxis concurrently with therapy immediately
prior to the diagnosis of CMV reactivation: 26 with
valacyclovir and two with acyclovir.

Clinical findings at the time of investigation
Of the total 36 patients, 35 patients had CMV DNA-

emia on whole blood and one patient was diagnosed
with CMV disease on tissue biopsy but without CMV
DNAemia at the time of investigation (Table 1). In
patients with CMV reactivation, the major clinical indi-
cation for herpes viridae multiplex PCR testing was per-
sistent fever for which no bacterial or fungal cause had
been identified at the time of investigation (92%).
Chest X-ray abnormalities were reported in 25%, and
abnormalities in liver function tests were reported in
3%. Three of twelve asymptomatic patients receiving
alemtuzumab underwent prospective screening for
CMV reactivation. All developed CMV DNAemia,
with two remaining asymptomatic: one treated with
pre-emptive ganciclovir and one with close observation
until CMV DNA negativity.

Herpes viridae multiplex PCR testing and CMV
reactivation

One hundred and seventy patients with hematologic
malignancies from the PMCC who had undergone her-
pes viridae multiplex PCR testing on whole blood
between 1999-2004 were identified. The number of

tests performed each year increased linearly over this
time period. Of patients with a positive herpes viridae
multiplex PCR, only eight patients were identified with
herpes viridae DNA other than CMV [Herpes simplex
virus (n=7), Varicella zoster virus (n=1)] (Table 2). The
event rate for CMV reactivation was determined for
several clinical parameters, including the type of thera-
py administered immediately prior to CMV infection.
Alemtuzumab therapy was associated with an overall
50% event rate of CMV reactivation. This was higher
than the event rate among patients receiving
HyperCVAD (9.7%), denileukin diftitox (6.1%), autol-
ogous SCT (4.2%), fludarabine-containing regimens
(4.6%) or rituximab (2.6%). Patients receiving other
conventional-dose chemotherapy regimens had a less
than one percent event rate of CMV reactivation.
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Table 1. Clinical findings at the time of investigation. 

Clinical Status CMV CMV Total
DNAemia Disease
(N=35) (N=7)

Fever 33 − 94%
Persisent fever alone 11 − 31%
Chest X-ray abnormality 10 3 28%
Gastrointestinal symptoms 4 4 11%
Skin rash 2 − 6%
Liver function abnormality 1 − 3%
Asymptomatic 2 − 6%

Table 2. Therapy at the time of CMV reactivation.

Primary Total Number tested Number with
treatment number of  for herpes viridae positive CMV
type patients DNAemia DNAemia

treated N (%) N (%)

Conventional chemotherapy 1636 61 13
(3.7%) (21.0%)

HyperCVAD 62 15 6 
(24.2%) (40.0%)

Fludarabine 151 31 7 
(20.5%) (22.6%)

Autologous SCT 191 34 8
(17.8%) (23.5%)

Denileukin diftitox 33 6 2
(18.2%) (33.0%)

Rituximab 225 17 6 
(7.5%) (35.3%)

Alemtuzumab 12 6 6
(50.0%)* (100.0%)

*3 patients (25%) underwent herpes viridae multiplex PCR for suspected CMV-
related illness and 3 asymptomatic patients (25%) underwent pre-emptive
screening for CMV DNAemia while receiving alemtuzumab.
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The proportion of patients undergoing investigation
with herpes viridae multiplex PCR for each therapeutic
subgroup is given in Table 2. This proportion was low-
est amongst patients receiving conventional chemo-
therapy (3.7%) and rituximab (7.5%). In patients
receiving therapies other than alemtuzumab, the pro-
portion of patients tested was 18.2-24.2%. In patients
tested for CMV reactivation, 21-40% were positive
across the treatment groups. In contrast, all patients
receiving alemtuzumab who underwent testing for
symptomatic illness or as pre-emptive screening devel-
oped CMV reactivation (Table 2). 

CMV disease
Seven patients were diagnosed with CMV disease

(Table 3). Six of these patients had CMV DNAemia
detected by PCR assay at the time of diagnosis, where-
as one patient with histologically proven disease did
not have concurrent CMV DNAemia. Of note, of all
patients with CMV reactivation, 5/10 (50.0%) patients
who were not receiving anti-Herpes simplex virus pro-
phylaxis at the time of CMV reactivation developed
CMV disease compared to 2/26 (7.7%) patients who
were receiving prophylaxis (p=0.01, Fisher’s exact test). 

Gastrointestinal disease
Four patients who developed histologically proven

CMV gastrointestinal disease and in all four this
occurred following autologous SCT. Symptoms of dis-
ease developed a median of 45 days (29-70 days) after
the day of stem cell infusion, and a median of 32.5 days
(20-35 days) following neutrophil recovery. All patients
had developed significant mucosal toxicity during their
autologous SCT. 

Pneumonitis
Three patients developed pneumonitis with new

radiological infiltrates on chest X-rays or chest comput-

ed tomography scans, despite conventional antibacteri-
al therapy. These infiltrates were associated with CMV
DNA positivity on broncho-alveolar lavage specimens.
Two patients developed pneumonitis 26 and 36 days
after commencement of treatment with denileukin
diftitox, and one patient 19 days following fludarabine,
cyclophosphamide and rituximab therapy. Pneumonia
or pulmonary edema from other causes preceded or
was concurrent with the development of pneumonitis;
however, CMV pneumonitis was suspected due to clin-
ical deterioration or a progressive radiological infiltrate.  

Four patients were observed to develop CMV dis-
ease, two with gastrointestinal disease and two with
pneumonitis, while receiving high-dose corticosteroids.
These patients were significantly pre-treated, having
received a median of four prior therapies.

CMV DNAemia
Of the 35 patients who were identified with CMV

DNAemia, six patients had concurrent CMV disease,
eight patients without proven CMV disease but with
fever and symptoms not explained by other causes
were treated presumptively for symptomatic CMV
reactivation, nineteen patients were diagnosed with a
non-CMV related illness at the time and two asympto-
matic patients were receiving alemtuzumab and under-
going pre-emptive screening.

Treatment and outcomes
Sixteen patients were treated with ganciclovir, seven

patients with proven CMV disease, eight patients
without proven CMV disease but with fever and
symptoms not explained by other causes and one
patient with asymptomatic CMV reactivation with ris-
ing CMV DNA titers while receiving alemtuzumab.
Twenty patients with CMV DNA in blood who were
not treated with ganciclovir did not develop symptoms
of CMV infection or end organ disease over a median

Table 3. Details of patients with proven CMV disease.

Case Number of Therapy prior Disease Biopsy CMV DNAemia CMV titer Steroid therapy Outcome
previous therapies to disease (copies/mL) (death on day

after diagnosis of
CMV disease)

53/F 3 Autologous SCT Colitis Positive Multiple <400 No

72/M 1 Autologous SCT Colitis Positive Multiple 107869 No Died (60)

63/F 4 Autologous SCT Pneumonitis*/Esophagitis Positive Multiple 29793 Yes

67/F 4 Autologous SCT Gastritis/Esophagitis Positive Negative Not tested Yes

64/F 3 Fludarabine rituximab Pneumonitis* Multiple 11900 Yes Died (150)

35/F 4 Denileukin diftitox Pneumonitis* Single (tested once) 145534 Yes Died (14)

59/M 2 Denileukin diftitox Pneumonitis* Multiple 75262 No

*Pneumonitis was diagnosed on CMV DNA detected by herpes viridae multiplex PCR on broncho-alveolar lavage specimens.



follow-up period of 3.5 months (range 1-19 months),
including one asymptomatic patient receiving alem-
tuzumab therapy who was monitored until resolution
of CMV DNAemia.  No patients died from CMV dis-
ease (Table 4). 

Discussion

Although the mechanisms, risk factors and time
course underlying CMV reactivation and disease are
well described in allogeneic SCT, this is not the case in
other settings.  More potent T-cell immunosuppressive
therapies are increasingly recognized to be associated
with significant opportunistic infections,20-22 including
CMV disease.14,15,23-25 Simultaneously, methods to detect
CMV reactivation have been refined from relatively
insensitive viral cultures, shell vial techniques, and
direct fluorescence antigen testing, to more sensitive
techniques detecting the pp65 CMV viral protein or
CMV DNA.8 CMV reactivation has consequently been
observed to be more common than previously
noted,15,26-29 but does not always lead to the develop-
ment of CMV disease.8,15,26,27,29

CMV infection: possible mechanisms
CMV is a member of the herpes viridae family. Most

CMV infections occur as reactivation of latent virus
from a myeloid and mononuclear cell reservoir in pre-
viously infected patients.1,30 Several factors can play a
role in CMV reactivation. In vitro, inflammatory
cytokines, including interleukin (IL)-1β, IL-4 and tumor-
necrosis factor (TNF) stimulate CMV gene expression
via major regulatory proteins IE-1 and IE-2 acting on
early CMV viral promoters.31 Cell-mediated immunity
with CMV-specific CD8+ and CD4+ T lymphocytes30,32-35

are important in preventing CMV infection. Significant
and sustained decreases in absolute CD8+ and CD4+ T
lymphocyte numbers occur following autologous
SCT,36,37 as well as after treatment with the purine ana-
log, fludarabine,20 and alemtuzumab.14,23 Conversely,
the ability to reconstitute CMV-specific CD8+ T cells
has been observed to be a protective factor against
CMV infection following autologous SCT.38 Alemtu-
zumab has also been associated with depletion of other
CD52+ cell types, including dendritic cells30,39 and NK
cells30,40 which may impair host immune surveillance for
controlling viral replication.

CMV DNAemia in settings other than allogeneic SCT
In previously published series, autologous SCT recip-

ients were noted to have a 2–9% incidence of CMV
pneumonitis but a case-related mortality comparable to
that in allogeneic SCT recipients of 80%.41-44 Similarly,
an autopsy-based, single center, retrospective study of
patients with acute leukemia, chronic leukemia or
myelodysplasia not treated with allogeneic transplanta-

tion, reported a low, but rising prevalence of CMV
pneumonitis over a 5-year period, with a case fatality
rate of 57%.11 Immunosuppressive therapy, including
fludarabine, high-dose cyclophosphamide and steroids
and granulocyte infusions from unscreened donors
were proposed as risk factors. There is one published
case report on CMV reactivation following the use of
rituximab in post-transplantation lymphoproliferative
disorder45 but no previous reports of CMV reactivation
following therapy with denileukin diftitox. More recent
studies have reported a significant incidence of CMV
reactivation associated with the use of the anti-CD52
antibody, alemtuzumab,14,46,47 and this aspect has recent-
ly been reviewed.48 Although prospective studies have
examined the incidence of CMV DNAemia by PCR in
the setting of autologous SCT28 and therapy with alem-
tuzumab,46 no prospective studies have validated
whether the detection of CMV DNA in peripheral
blood by the PCR methodology is predictive for symp-
tomatic CMV disease in the non-allogeneic SCT setting.

The current study is significant in demonstrating that,
despite the use of immunosuppressive therapies with
autologous SCT, fludarabine-based therapy or biologi-
cal therapy with rituximab or denileukin diftitox, the
event rate of CMV reactivation was relatively low, at
less than 10%. It was noted that 18.2-24.2% of patients
receiving HyperCVAD, fludarabine, autologous SCT, or
denileukin diftitox were investigated for herpes viridae
reactivation whereas only 3.7% of those receiving con-
ventional chemotherapy and 7.5% of those treated
with rituximab were investigated in this way. This is
likely a reflection of the greater hematologic and/or
immunosuppression of these therapies leading to per-
sistent fevers for which no definitive bacterial or fungal
cause was identified. Patients who underwent autolo-
gous SCT had not received total body irradiation (TBI)
conditioning regimens which are recognized as more
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Table 4. Outcomes of patients with CMV DNAemia or disease. 

Outcome Intravenous ganciclovir given
Yes No

N=16 N=20

Final CMV Status
CMV disease 7 0
Suspected CMV infection 8 0
Symptomatic non-CMV illness with CMV DNAemia 0 19
Asymptomatic CMV DNAemia 1 1

Death 5 6
Progressive hematologic disease 1 4
Bacterial pneumonia 0 1
Post-operative respiratory failure 1 0
Pulmonary embolism 1 0
Cardiac arrest 1 0
Toxic megacolon 1 0
Hemophagocytic syndrome 0 1



immunosuppressive than non-TBI-based regimens.49

Although investigation of only symptomatic patients
receiving these therapies is likely to have underestimat-
ed the true incidence of CMV reactivation, it has been
previously noted that the majority of patients with
asymptomatic CMV reactivation do not develop dis-
ease.8,15,27-29 Our findings would therefore support a
strategy of investigation of symptomatic disease12 in
patients receiving all therapies examined here with the
exception of alemtuzumab, as screening asymptomatic
patients is unlikely to be cost effective. 

CMV DNAemia and alemtuzumab
Conversely, patients receiving alemtuzumab had an

event rate of CMV reactivation of 50%, including all
three symptomatic patients screened for herpes viridae
reactivation and all three asymptomatic patients under-
going pre-emptive screening for CMV reactivation.
This is in keeping with the findings of a recent prospec-
tive study.46 Early trials with alemtuzumab had also
noted a high incidence of symptomatic CMV reactiva-
tion of up to 18%,24,25 albeit in significantly pretreated
populations.14,24,25,40,50 Although the underlying disease
may be postulated as contributing to the risk of CMV
reactivation, a recent review noted that for patients
receiving alemtuzumab, the risk of CMV reactivation
was not higher in patients with cutaneous T-cell lym-
phomas than in patients treated for chronic lymphocyt-
ic lymphoma.48 Recent guidelines have subsequently
recommended screening for asymptomatic patients
receiving alemtuzumab.47,48,51 The high event rate of
CMV reactivation in this study would support such a
strategy, although the risk of developing CMV disease
in this population is unknown.

CMV disease
Despite the small number of patients in our study

with CMV disease, there were several noteworthy
observations regarding the natural history and poten-
tial risk factors. Symptoms of CMV disease occurred at
a median of 36 days after commencement of therapy,
which is earlier than historical data for allogeneic SCT
recipients who had not undergone screening and pre-
emptive therapy.2 CMV disease occurred in four out
seven patients who had received high-dose corticos-
teroids in addition to other therapies. Corticosteroid
use is a known risk factor for CMV disease following
autologous SCT.15,29 It was interesting to note that CMV
disease also occurred in sites that had experienced sig-
nificant tissue inflammation: gastrointestinal disease
occurred in patients with mucosal toxicity from autol-
ogous SCT and pneumonitis occurred in patients with
other prior or co-existent pulmonary disease. This
observation highlights the potential difficulty in differ-
entiating treatment-related toxicity from CMV disease,
and suggests that a high clinical index of suspicion for

CMV infection is required. Additionally, CMV DNA in
blood did not invariably accompany CMV disease,
although six out of seven patients with disease had a
high CMV DNA titer of >5,000 copies/mL or positive
CMV DNA on multiple occasions.  

Concurrent prophylaxis against Herpes simplex virus
also appeared to protect against the development of
CMV disease, although used at doses considered sub-
therapeutic for CMV infection.

CMV disease and CMV DNAemia
The use of PCR-based detection of CMV DNA in

blood to predict CMV disease has not been prospec-
tively validated in settings outside allogeneic SCT, par-
ticularly those settings in which the incidence of CMV
disease is low.8 As with other published data,1,15,26,28,29

detection of CMV DNA by PCR in our study identified
a significant number of patients who did not develop
disease, suggesting that detection of CMV DNA in
blood has a low positive predictive value for CMV dis-
ease.  

The CMV DNA viral load in blood may be more
informative in predicting patients at risk of developing
CMV disease28,52,53 and quantitative PCR viral load
thresholds of >5,000-10,000 copies/mL of CMV
DNA52,53 have been proposed to be predictive of symp-
tomatic CMV disease.53 The predictive value of such
thresholds or rising CMV DNA titers does, however,
require methodological standardization,54 and prospec-
tive validation for a variety of diseases and therapies
before adoption.  Caution must be exercised when
interpreting such investigations depending on the clin-
ical setting, as symptomatic CMV disease can develop
before CMV DNA is detected, depending on the tim-
ing and frequency of investigation for reactivation.5,8

Recommendations for monitoring and anti-CMV
therapy

Several recommendations can be made regarding
CMV reactivation for patients receiving therapy in the
non-allogeneic SCT setting. In patients receiving alem-
tuzumab, weekly monitoring for CMV DNA with PCR
is recommended given the high reactivation rates.47,48,51

Despite previous recommendations for pre-emptive
therapy with parenteral ganciclovir for asymptomatic
CMV DNAemia in this cohort,47,48 an optimal manage-
ment strategy remains to be determined. Our study
and others have shown that patients with asympto-
matic CMV DNAemia may not develop CMV disease,
despite not receiving anti-CMV therapy; indeed, one of
the six patients in our study who received alemtuzum-
ab did not develop CMV disease. In asymptomatic
patients with CMV DNA detected in blood, parenteral
ganciclovir is not clearly indicated and may have
potentially adverse consequences such as myelosup-
pression,5 creating a possible predisposition to invasive
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fungal infection,26,28 and introducing the risk of late
CMV reactivation due to impaired development of
CMV specific immunity.3,5 Close observation and mon-
itoring of CMV DNA positivity in blood until negativ-
ity can be considered. Treatment can be instituted for
patients who become symptomatic or develop high or
rising CMV DNA titers.48, 51 In patients who are treated,
parenteral ganciclovir is effective and has been recom-
mended in published guidelines.47 Oral ganciclovir has
also been used successfully in one small study46 for
asymptomatic CMV reactivation, but valganciclovir55

with better oral bioavailability should be evaluated.
Treatment with parenteral ganciclovir in patients

with proven CMV disease is clearly indicated. In
patients with an acute illness potentially related to
CMV reactivation, empiric commencement of ganci-
clovir may be clinically indicated pending further
investigation for CMV reactivation. Investigations
using PCR to detect CMV DNA in blood should be
considered in such symptomatic patients in whom bac-
terial, fungal and other causes are unlikely. Detection of
CMV DNA in blood in this setting may be supportive,
especially if there is a high CMV viral load >5,000-
10,000 copies/mL, but not definitive and clinical corre-
lation with pursuit of histological diagnosis, when fea-
sible, should be undertaken. Conversely, a negative
result for CMV DNAemia does not exclude CMV dis-
ease, and treatment should be commenced if histolog-
ic findings demonstrate CMV infection. Further studies
are required to determine the true positive- and nega-
tive-predictive value of PCR methodologies for the
detection of CMV DNA. 

Further study
Despite higher rates of detectable CMV reactivation

being observed as more potent immunosuppressive
therapies are used and more sensitive diagnostic tech-
niques are implemented, the natural history of CMV
reactivation and predictive factors for CMV disease in
non-allogeneic SCT settings remain largely unknown.
Our study has identified areas in which further investi-
gation is required, including determination of the pre-
dictive value of CMV DNA in blood in various treat-
ment settings, and the identification and validation of
other predictive factors for the development of CMV
disease.  These may include clinical criteria as well as
other immunological measures. Recently, the use of
major histocompatibility complex tetramers to monitor
CMV-specific CD8+ cytotoxic T lymphocytes in order
to predict patients at risk of CMV infection and disease
has shown promise in this regard.56 Such information is
critical for making treatment decisions, as CMV disease
still carries a significant morbidity and mortality in non-
allogeneic SCT settings.

AN and LW are responsible for the whole work, including the con-
ception, design, and conduction of the study, analysis and interpreta-
tion of the data and drafting and revising the manuscript; AN, LW,
LC, KT were involved in acquisition of the data; AN, LW, KT were
responsible for data analysis; AN, LW interpreted the results and
drafted the manuscript; all authors were involved in the discussion
and revision of the manuscript and gave their permission for the final
version submitted for publication. The authors declare that they have
no potential conflict of interest.

We acknowledge the contribution of Julian Druce, Jennie Leydon
and Jack Richards at the Victorian Infectious Diseases Reference
Laboratory for providing laboratory data.

Manuscript received April 30, 2005. Accepted September 21,
2005. 

References
1. Hakki M, Boeckh M. Management of

CMV infection in hematopoietic stem
cell transplantation recipients. In:
Wingard J, Bowden R, eds. Management
of infection in oncology patients. 1st ed.
Seattle: Martin Dunitz; 2003. p. 249-67.

2. Meyers JD, Flournoy N, Thomas ED.
Risk factors for cytomegalovirus infec-
tion after human marrow transplanta-
tion. J Infect Dis 1986;153:478-88.

3. Ljungman P, Reusser P, de la Camara R,
Einsele H, Engelhard D, Ribaud P, et al.
Management of CMV infections: rec-
ommendations from the infectious dis-
eases working party of the EBMT. Bone
Marrow Transplant 2004;33:1075-81.

4. Meijer E, Boland GJ, Verdonck LF.
Prevention of cytomegalovirus disease
in recipients of allogeneic stem cell
transplants. Clin Microbiol Rev 2003;
16:647-57.

5. Zaia JA. Prevention and management of
CMV-related problems after hematopoi-
etic stem cell transplantation. Bone
Marrow Transplant 2002;29:633-8.

6. Qamruddin AO, Oppenheim BA,
Guiver M, Mutton KJ, Chopra R.
Screening for cytomegalovirus (CMV)
infection in allogeneic bone marrow
transplantation using a quantitative

whole blood polymerase chain reaction
(PCR) method: analysis of potential risk
factors for CMV infection. Bone
Marrow Transplant 2001;27:301-6.

7. Schulenburg A, Watkins-Riedel T,
Greinix HT, Rabitsch W, Loidolt H, Keil
F, et al. CMV monitoring after peripher-
al blood stem cell and bone marrow
transplantation by pp65 antigen and
quantitative PCR. Bone Marrow
Transplant 2001; 28:765-8.

8. Boeckh M, Boivin G. Quantitation of
cytomegalovirus: methodologic aspects
and clinical applications. Clin Microbiol
Rev 1998;11:533-54.

9. Gozlan J, Laporte JP, Lesage S, Labopin
M, Najman A, Gorin NC, et al. Monitor-
ing of cytomegalovirus infection and
disease in bone marrow recipients by
reverse transcription-PCR and compari-
son with PCR and blood and urine cul-
tures. J Clin Microbiol 1996;34:2085-8.

10. Ljungman P, Aschan J, Lewensohn-
Fuchs I, Carlens S, Larsson K, Lonnqvist
B, et al. Results of different strategies for
reducing cytomegalovirus-associated
mortality in allogeneic stem cell trans-
plant recipients. Transplantation 1998;
66:1330-4.

11. Nguyen Q, Estey E, Raad I, Rolston K,
Kantarjian H, Jacobson K, et al. Cyto-
megalovirus pneumonia in adults with
leukemia: an emerging problem. Clin

Infect Dis 2001;32:539-45.
12. Bilgrami S, Aslanzadeh J, Feingold JM,

Bona RD, Clive J, Dorsky D, et al.
Cytomegalovirus viremia, viruria and
disease after autologous peripheral
blood stem cell transplantation: no need
for surveillance. Bone Marrow Trans-
plant 1999; 24:69-73.

13. Offidani M, Corvatta L, Olivieri A,
Rupoli S, Frayfer J, Mele A, et al. Infect-
ious complications after autologous
peripheral blood progenitor cell trans-
plantation followed by G-CSF. Bone
Marrow Transplant 1999;24:1079-87.

14. Keating MJ, Flinn I, Jain V, Binet JL,
Hillmen P, Byrd J, et al. Therapeutic role
of alemtuzumab (Campath-1H) in
patients who have failed fludarabine:
results of a large international study.
Blood 2002;99:3554-61.

15. Holmberg LA, Boeckh M, Hooper H,
Leisenring W, Rowley S, Heimfeld S, et
al. Increased incidence of cytomega-
lovirus disease after autologous CD34-
selected peripheral blood stem cell
transplantation. Blood 1999;94:4029-35.

16. Druce J, Catton M, Chibo D, Minerds K,
Tyssen D, Kostecki R, et al. Utility of a
multiplex PCR assay for detecting her-
pesvirus DNA in clinical samples. J Clin
Microbiol 2002;40:1728-32.

17. Eisen D, Essell J, Broun ER, Sigmund D,
DeVoe M. Clinical utility of oral valacy-



clovir compared with oral acyclovir for
the prevention of herpes simplex virus
mucositis following autologous bone
marrow transplantation or stem cell
rescue therapy. Bone Marrow Trans-
plant 2003;31:51-5.

18. Ljungman P, Griffiths P, Paya C.
Definitions of cytomegalovirus infec-
tion and disease in transplant recipi-
ents. Clin Infect Dis 2002;34:1094-7.

19. Liesnard C, De Wit L, Motte S, Brancart
F, Content J. Rapid diagnosis of cyto-
megalovirus lung infection by DNA
amplification in bronchoalveolar la-
vages. Mol Cell Probes 1994;8:273-83.

20. Wijermans PW, Gerrits WB, Haak HL.
Severe immunodeficiency in patients
treated with fludarabine monophos-
phate. Eur J Haematol 1993;50:292-6.

21. Byrd JC, Hargis JB, Kester KE, Hospen-
thal DR, Knutson SW, Diehl LF.
Opportunistic pulmonary infections
with fludarabine in previously treated
patients with low-grade lymphoid
malignancies: a role for Pneumocystis
carinii pneumonia prophylaxis. Am J
Hematol 1995;49:135-42.

22. Bergmann L, Fenchel K, Jahn B, Mitrou
PS, Hoelzer D. Immunosuppressive
effects and clinical response of fludara-
bine in refractory chronic lymphocytic
leukemia. Ann Oncol 1993;4:371-5.

23. Rai KR, Freter CE, Mercier RJ, Cooper
MR, Mitchell BS, Stadtmauer EA, et al.
Alemtuzumab in previously treated
chronic lymphocytic leukemia patients
who also had received fludarabine. J
Clin Oncol 2002;20:3891-7.

24. Faderl S, Thomas DA, O'Brien S,
Garcia-Manero G, Kantarjian HM,
Giles FJ, et al. Experience with alem-
tuzumab plus rituximab in patients
with relapsed and refractory lymphoid
malignancies. Blood 2003; 101:3413-5.

25. Lundin J, Hagberg H, Repp R, Cavallin-
Stahl E, Freden S, Juliusson G, et al.
Phase 2 study of alemtuzumab (anti-
CD52 monoclonal antibody) in patients
with advanced mycosis fungoides/Sé-
zary syndrome. Blood 2003;101:4267-
72.

26. Fassas AB, Bolanos-Meade J, Buddha-
raju LN, Rapoport A, Cottler-Fox M,
Chen T, et al. Cytomegalovirus infec-
tion and non-neutropenic fever after
autologous stem cell transplantation:
high rates of reactivation in patients
with multiple myeloma and lym-
phoma. Br J Haematol 2001; 112:237-
41.

27. Hebart H, Schroder A, Loffler J,
Klingebiel T, Martin H, Wassmann B, et
al. Cytomegalovirus monitoring by
polymerase chain reaction of whole
blood samples from patients undergo-
ing autologous bone marrow or periph-
eral blood progenitor cell transplanta-
tion. J Infect Dis 1997;175:1490-3.

28. Peggs KS, Mackinnon S. Cytomegalo-
virus infection and disease after autolo-
gous peripheral blood stem cell trans-
plantation. Br J Haematol 2001;115:
1032-3.

29. Peggs KS, Ings SJ, Kottaridis PD, Yong
K, Williams CD, Goldstone AH, et al.
Cytomegalovirus infection and disease
after autologous CD34-selected periph-
eral blood stem cell transplantation for
multiple myeloma: no evidence of
increased incidence based on polyme-
rase-chain-reaction monitoring. Blood
2000;96:369-70.

30. Gandhi MK, Khanna R. Human cyto-
megalovirus: clinical aspects, immune
regulation, and emerging treatments.
Lancet Infect Dis 2004;4:725-38.

31. Hummel M, Abecassis MM. A model
for reactivation of CMV from latency. J
Clin Virol 2002;25 Suppl 2:S123-36.

32. Reusser P, Cathomas G, Attenhofer R,
Tamm M, Thiel G. Cytomegalovirus
(CMV)-specific T cell immunity after
renal transplantation mediates protec-
tion from CMV disease by limiting the
systemic virus load. J Infect Dis 1999;
180:247-53.

33. Gamadia LE, Remmerswaal EB, Weel
JF, Bemelman F, van Lier RA, Ten Berge
IJ. Primary immune responses to
human CMV: a critical role for IFN-γ-
producing CD4+ T cells in protection
against CMV disease. Blood 2003; 101:
2686-92.

34. Li CR, Greenberg PD, Gilbert MJ,
Goodrich JM, Riddell SR. Recovery of
HLA-restricted cytomegalovirus
(CMV)-specific T-cell responses after
allogeneic bone marrow transplant: cor-
relation with CMV disease and effect of
ganciclovir prophylaxis. Blood 1994;83:
1971-9.

35. Quinnan GV Jr, Kirmani N, Rook AH,
Manischewitz JF, Jackson L, Moreschi
G, et al. Cytotoxic T cells in cytomega-
lovirus infection: HLA-restricted T-lym-
phocyte and non-T-lymphocyte cyto-
toxic responses correlate with recovery
from cytomegalovirus infection in
bone-marrow-transplant recipients. N
Engl J Med 1982;307:7-13.

36. Guillaume T, Rubinstein DB, Symann
M. Immune reconstitution and immu-
notherapy after autologous hematopoi-
etic stem cell transplantation. Blood
1998;92:1471-90.

37. Steingrimsdottir H, Gruber A, Björk-
holm M, Svensson A, Hansson M.
Immune reconstitution after autolo-
gous hematopoietic stem cell transplan-
tation in relation to underlying disease,
type of high-dose therapy and infec-
tious complications. Haematologica
2000;85:832-8.

38. Reusser P, Attenhofer R, Hebart H, Helg
C, Chapuis B, Einsele H. Cytomegalo-
virus-specific T-cell immunity in recipi-
ents of autologous peripheral blood
stem cell or bone marrow transplants.
Blood 1997; 89:3873-9.

39. Buggins AG, Mufti GJ, Salisbury J,
Codd J, Westwood N, Arno M, et al.
Peripheral blood but not tissue dendrit-
ic cells express CD52 and are depleted
by treatment with alemtuzumab. Blood
2002; 100:1715-20.

40. Nosari A, Montillo M, Morra E.
Infectious toxicity using alemtuzumab.
Haematologica 2004;89:1414-9.

41. Konoplev S, Champlin RE, Giralt S,
Ueno NT, Khouri I, Raad I, et al. Cyto-
megalovirus pneumonia in adult autol-
ogous blood and marrow transplant
recipients. Bone Marrow Transplant
2001;27:877-81.

42. Reusser P, Fisher LD, Buckner CD,
Thomas ED, Meyers JD. Cytomega-
lovirus infection after autologous bone
marrow transplantation: occurrence of
cytomegalovirus disease and effect on
engraftment. Blood 1990; 75:1888-94.

43. Ljungman P, Biron P, Bosi A, Cahn JY,
Goldstone AH, Gorin NC, et al. Cyto-
megalovirus interstitial pneumonia in
autologous bone marrow transplant

recipients. Infectious Disease Working
Party of the European Group for Bone
Marrow Transplantation. Bone Marrow
Transplant 1994;13:209-12.

44. Wingard JR, Sostrin MB, Vriesendorp
HM, Mellits ED, Santos GW, Fuller DJ,
et al. Interstitial pneumonitis following
autologous bone marrow transplanta-
tion. Transplantation 1988;46:61-5.

45. Suzan F, Ammor M, Ribrag V. Fatal
reactivation of cytomegalovirus infec-
tion after use of rituximab for a post-
transplantation lymphoproliferative
disorder. N Engl J Med 2001;345:1000.

46. Laurenti L, Piccioni P, Cattani P, Cingo-
lani A, Efremov D, Chiusolo P, et al.
Cytomegalovirus reactivation during
alemtuzumab therapy for chronic lym-
phocytic leukemia: incidence and treat-
ment with oral ganciclovir. Haematolo-
gica 2004; 89:1248-52.

47. Keating M, Coutre S, Rai K, Osterborg
A, Faderl S, Kennedy B, et al. Manage-
ment guidelines for use of alemtuzum-
ab in B-cell chronic lymphocytic
leukemia. Clin Lymphoma 2004;4:220-
7.

48. Thursky KA, Worth LJ, Seymour JF,
Prince HM, Slavin MA. Spectrum of
infection, risks and recommendations
for prophylaxis and screening among
patients with Lymphoproliferative dis-
orders treated with alemtuzumab. Br J
Haematol 2005; (in press).

49. Appelbaum FR. The influence of total
dose, fractionation, dose rate, and dis-
tribution of total body irradiation on
bone marrow transplantation. Semin
Oncol 1993;20 Suppl 4:3-10.

50. Lundin J, Kimby E, Bjorkholm M,
Broliden PA, Celsing F, Hjalmar V, et al.
Phase II trial of subcutaneous anti-
CD52 monoclonal antibody alem-
tuzumab (Campath-1H) as first-line
treatment for patients with B-cell
chronic lymphocytic leukemia (B-CLL).
Blood 2002;100:768-73.

51. Oscier D, Fegan C, Hillmen P, Illidge T,
Johnson S, Maguire P, et al. Guidelines
on the diagnosis and management of
chronic lymphocytic leukaemia. Br J
Haematol 2004;125:294-317.

52. Schaade L, Kockelkorn P, Ritter K,
Kleines M. Detection of cytomegalo-
virus DNA in human specimens by
LightCycler PCR. J Clin Microbiol 2000;
38:4006-9.

53. Ikewaki J, Ohtsuka E, Kawano R, Ogata
M, Kikuchi H, Nasu M. Real-time PCR
assay compared to nested PCR and
antigenemia assays for detecting cyto-
megalovirus reactivation in adult T-cell
leukemia-lymphoma patients. J Clin
Microbiol 2003;41:4382-7.

54. Boeckh M, Huang M, Ferrenberg J,
Stevens-Ayers T, Stensland L, Nichols
WG, et al. Optimization of quantitative
detection of cytomegalovirus DNA in
plasma by real-time PCR. J Clin
Microbiol 2004;42:1142-8.

55. Reusser P. Oral valganciclovir: a new
option for treatment of cytomegalo-
virus infection and disease in immuno-
compromised hosts. Expert Opin
Investig Drugs 2001;10:1745-53.

56. Gratama JW, Cornelissen JJ. Clinical
utility of tetramer-based immune mon-
itoring in allogeneic stem cell transplan-
tation. BioDrugs 2003;17:325-38.

Cytomegalovirus DNAemia and disease

haematologica/the hematology journal | 2005; 90(12) | 1679 |




