
Abstract

Objectives: Active cytomegalovirus infection
remains a major problem for bone marrow
transplant recipients. If not quickly diagnosed and
treated, it can evolve into cytomegalovirus disease,
which represents a life-threatening complication. In
this work, we sought to evaluate the interactions
between clinical complications after bone marrow
transplant and factors associated with active
cytomegalovirus infection.

Materials and Methods: We evaluated 91 allogeneic
bone marrow transplant recipients (35 female, 56
male; median age, 20 years; age range, 3-47 years)
for malignant and nonmalignant hematologic
diseases. Active cytomegalovirus infection was
monitored using pp65 cytomegalovirus anti-
genemia and a semiquantitative cytomegalovirus
polymerase chain reaction. Cytomegalovirus end-
organ disease was defined as an association
between compatible signs and symptoms (dyspnea,
hypoxia, and diarrhea) and detection of cyto-
megalovirus (≥ 2000 cytomegalovirus genome
copies/mL) by hybrid capture assay in tissue biopsy.
Variables were compared using the chi-square and
Fisher exact tests. Time of death after bone marrow
transplant was plotted using the Kaplan-Meier
method. A Cox regression model was used for
multivariate survival analysis with 95% confidence
limits.

Results: Sixty-four patients experienced active

cytomegalovirus infection, 26 had acute graft-
versus-host disease, and 11 had cytomegalovirus
diseases. The overall survival rate at 4 years was
83.52%. On multivariate analyses, cytomegalovirus
disease (hazard ratio = 15.9, P = .001) and age older
than 18 years (hazard ratio = 8, P = .18) were the
only independent negative prognostic factors for
overall survival. Occurrence of acute graft-versus-
host disease was increased by early active
cytomegalovirus infection (P = .03) and represents a
significant factor for active cytomegalovirus infection
recurrence (P = .01). Viral load as quantified by
antigenemia and cytomegalovirus DNA in the
patients’ peripheral blood leukocytes was sig-
nificantly associated with clinical complications.

Conclusions: Active cytomegalovirus infection
interacts significantly in several ways with graft-
versus-host disease and others infections. Acute
graft-versus-host disease increases the chances of a
poor outcome, especially of acquiring cyto-
megalovirus disease. Cytomegalovirus disease
constitutes a significant independent risk factor for
death after bone marrow transplant.

Key words: Active CMV infection, CMV disease, Graft-
versus-host disease, BMT complications, pp65 CMV
antigenemia

Cytomegalovirus (CMV) infection is themost frequent
viral complication in patients undergoing allogeneic
blood and bone marrow transplants (1-3). Despite
advanced diagnostic methods and pre-emptive
antiviral therapy, CMV disease continues to be a life-
threatening complication in this population (4, 5). This
complication poses challenges to treatment, occurring
often in themost fragile patientswith graft-versus-host
disease (GVHD) (6-8). Two different strategies,
prophylaxis and pre-emptive therapy, are used to
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prevent symptomatic CMV infection after bone
marrow or blood transplant. In prophylaxis, antiviral
drugs are administered before any evidence of the
virus, and in pre-emptive therapy, antiviral drugs are
administered when there is laboratory evidence of an
active but asymptomatic infection (9-12).

Here, we evaluate the impact of acute and chronic
GVHD and CMV disease on time to onset of active
CMV infection. We also evaluate the impact of active
CMV infection duration and viral load on patient
outcome. The influences of activeCMV infection, CMV
disease, and acute and chronic GVHD on patients’
survival are also assessed.

Patients and Methods

Patients
We retrospectively analyzed data on active CMV
infections in 91 patients (35 women, 56 men; median
age, 20 years [range, 3-47 years]) with different
malignant and nonmalignant hematologic diseases,
who had received a myeloablative bone marrow
allograft from a human leukocyte antigen (HLA)-
matched, related donors at the Centre National de
Greffe de Moelle Osseuse de Tunis in Tunisia between
January 2001 and January 2005.Nopatient received aT-
cell–depleted graft.All patientswere followed for active
CMV infection from day 21 after their bone marrow
transplant for amedian of 11weeks (range, 4-19weeks).
Blood samples for the pp65 CMV antigenemia assay
and in-house semiquantitativeCMVpolymerase chain
reaction (PCR) were obtained weekly.

All patients were given weekly prophylactic
acyclovir therapy from 5 days before until 100 days
after transplant (intravenous acyclovir: 3 × 500
mg/m2/day for 3 weeks, followed by a maintenance
phase with oral acyclovir, 3 × 800 mg/m2/day, until
the 100th day after bone marrow transplant [BMT]).
Patients with confirmed, active CMV infection were
given a pre-emptive intravenous ganciclovir
induction phase (2 × 5 mg/kg/day until day 14) if
the number of polymorphonuclear leukocytes
exceeded 1000/mm3. A similar oral regimen of
ganciclovir therapy (10 mg /kg/d) was maintained
until active CMV infection disappeared. This therapy
was also maintained until the 100th day after BMT if
there was corticosteroid treatment for GVHD.
Intravenous foscarnet (180 mg /kg/d) with the same
protocol was administered if there were fewer than
1000/mm3 polymorphonuclear leukocytes.

Immunosuppressive therapy consisted of pro-
phylactic cyclosporine for 6 months after transplant.
Episodes ofGVHDwere documented by percutaneous
liver and fibroscopic gastric and/or cutaneous biopsy,
and treated with prednisolone or anti-OKT3
monoclonal antibody in severe GVHD cases.
Depending on the underlying diseases, some patients
had total body irradiation as part of their conditioning
regimen.

pp 65 CMV antigenemia assay
The antigenemia assay was done using a Rapid
Antigenemia CINAkit (Argene Biosoft, France),
according to the manufacturer’s instructions. A
positive result was defined as at least 2 positive cells in
duplicatewells containing 2 × 105 polymorphonuclear
lymphocytes each.

CMV semiquantitative PCR assay
Quantitative assessment of CMV DNA from
polymorphonuclear leukocytes was done using a
previously describedmethod of semiquantitative PCR
coupled to Southern blot hybridization developed in-
house (13, 14). The specific band resulting from each
PCR-positive specimen was assigned a score of 1 to 4
based on band intensity comparedwith 4 points on the
standard curve of dilutions corresponding to 80, 800,
8000, and 80000 CMV genomic copies, respectively.
Scores of 1 and 2 were designated as low level, scores
of 3 and 4 at the high level.

Quantitative hybrid capture for CMV
Quantitative hybrid capture for CMV (15) was done
with a hybrid captureCMVDNAassay kit (version 2.0;
Digene Corporation, Gaithersburg, MD). Specimens
were processed according to the manufacturer’s
instructions (tissues were treatedwith a lysis solution,
whereas bronchoalveolar lavage and urine were
centrifuged, and PBLs were collected). The sensitivity
of this test is 300 CMV genome copies/mL or more.
This assay was used to confirm the diagnosis of CMV
disease.

Definitions
CMV disease and active CMV infection
Active CMV infection (16) was defined as a single
positive result on a pp65-antigenemia test with 1 or
more positive cell/2 × 105 or a single positive
semiquantitative CMV PCR assay. CMV end-organ
disease was defined as an association between
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compatible signs and symptoms (eg, dyspnea,
hypoxia, fever of unknown origin, malaise, or
diarrhea) and detection of CMV (with at least 2000
CMV genome copies/mL) by a quantitative hybrid
capture CMV assay in a tissue biopsy specimen.

Multiple CMV infection and antigenemia load
increase
For the purpose of this study, we defined a new active
CMV infection as occurring after negative monitoring
results for at least 3weeks after a previous active CMV
infection. A 3-fold increase in antigenemia load
between the first and second active CMV infection
episode, in the presence of pre-emptive therapy, was
considered an increase (Table 1).

We chose a period of 6 weeks after BMT in Table 2,
because active CMV infection occurs generally within
this period. In Table 3, we chose an active CMV
infection duration of 4 weeks because it corresponds
approximately to themedian duration for our patients.
All recipients with CMV seronegative status also had
donors with CMV seronegative status. Non-CMV
infections were defined as infections caused bymicro-
organisms other than CMV.

Statistical analyses
SPSS software (Statistical Product and Services
Solutions, version 11.0, SPSS Inc, Chicago, IL, USA)
was used for statistical analyses. Variables were
compared using the chi-square and Fisher exact tests,
2-sided. Time of death after BMT was determined
using the Kaplan-Meier method for the following
parameters: active CMV infection, acute and chronic
GVHD, and CMV disease. A Cox regression model
was used for multivariate survival analyses, and 95%
confidence limits were defined. Survival was
measured from the date of BMT until death from any
cause.

Results

Active CMV infection
Among 64 patients (70.3%)with active CMV infection,
49 and 7 patients had positive and negative CMV
serostatus, respectively; serologic statuswas unknown
for the other 8 patients. Of the 27 patients without
active CMV infection, 18, 6, and 3 patients were CMV
seropositive, CMV seronegative, or had an unknown
serostatus, respectively. One hundred twenty-two
specimens obtained from 35 patients were positive for
a mean of 3 weeks (range, 1-6 weeks) on pp65 CMV
antigenemia assay. Two hundred ninety-five
specimens obtained from 58 patients were positive for
a mean of 5 weeks (range, 1-8 weeks) by PCR. CMV
PCR became positive at a median of 20 days (range, 0-
67 days) before antigenemia. Thirty-one patients had
both positive antigenemia and PCR; 4 had only
positive antigenemia.

Twelve patients had increases in their viral load
(increased antigenemia), and 13 hadmore than 1 active
CMV infection episode; 6 patients experienced both
situations. The number of recurrent active CMV
infection episodes ranged from 2 to 4 and occurred
within a median of 68 days (range, 24-130 days). Only
acute GVHD had a significant impact on active CMV
infection recurrence, whereas antigenemia load
increase had no influence on analyzed factors (Table 1).
When active CMV infection occurs between the third
and sixth week after BMT, there is a more-significant
increase in acute GVHD than when active CMV
infection occurs 6 weeks after BMT (Table 2). Table 3
shows that an antigenemia load over 10 cells
significantly enhances the number of chronic GVHD
and non-CMV infections. When active CMV infection
diagnosed by pp65 antigenemia lasts longer than 4
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Abbreviations: BMT, bone marrow transplant; CMVD, CMV disease;
GVHD, graft-versus-host disease.

Table 2. Time to active CMV infection onset after BMT.
Duration (weeks) 3-6 > 6 P

Total patient number 29 35

Acute GVHD 15 9 .03

Chronic GVHD 4 8 .35

CMV disease 6 4 .49

Non-CMV Infections 5 6 .7

Abbreviations: AG, antigenemia; BMT, bone marrow transplant; CMVD,
CMV disease; GVHD, graft-versus-host disease; R, recipient; TBI, total
body irradiation.

Table 1. Interaction of patients’ characteristics and complications after
BMT with active CMV infection recurrence and antigenemia load.

Event Number of active CMV AG load
CMV infections increase between active

CMV infection episode

1 > 1 P < 3 times ≥ 3 times P

Total number 51 13 52 12

Age (years) < 18 24 7 .6 25 5 .6

≥ 18 27 6 27 7

R CMV serostatus + 39 10 .6 40 8 .055

- 5 2 4 4

Underlying disease Malignant 25 8 .4 26 6 1

Nonmalignant 26 5 26 6

TBI 12 4 .7 13 3 1

Acute GVHD 15 9 .01 19 5 .7

Chronic GVHD 9 3 .6 8 4 .2

CMV disease 7 3 .4 7 3 .3

Non-CMV infections 9 4 .1 11 2 .6



weeks, it significantly enhances the number of chronic
GVHD infections,whereaswhen active CMV infection
diagnosed by PCR lasts more than 4 weeks, it
significantly enhances the number of both chronic
GVHD and non-CMV infections (Table 3).

GVHD
Twenty-six patients developed acute GVHD; of these,
10 also experienced chronic GVHD, and 3 developed
only chronic GVHD. Among 24 patients with acute
GVHDand active CMV infection, 5 developedGVHD
after an active CMV infection. No one had CMV
disease, and 2 died of infectious complications. In 19
patients, acute GVHDoccurred at amedian of 27 days
(range, 5-47 days) before active CMV infection, 7
experiencedCMVdisease, and 8 died.Among patients
without active CMV infection, 2 had acute GVHD, 1
also had chronic GVHD, and 1 died of undocumented
pneumonia.

CMV disease
Eleven patients (12%) developed CMV disease, 6 had
gastrointestinal disease, 4 had interstitial pneumonia,
and 1 developed CMV cystitis. The onset of CMV
disease occurred at a median of 61 days after BMT
(range, 25-116 days). Only 1 patient developed late
CMV disease, defined as disease diagnosed after day
100. Only 3 patients had high CMV levels on PCR
(with an 8-cell antigenemia peak for a fourth patient).
Six patients died at a median of 97 days after BMT
(range, 60-121 days), 4 died of CMVdisease, and 2 died
of sepsis. Malignant underlying disease, total body
irradiation, and acute GVHD were significant risk
factors for CMV disease (Table 4).

Outcome
The Kaplan-Meier estimate of overall survival is
shown in Figure 1. Among the 91 patients enrolled in
this study, 15 died mainly of infectious complications
including sepsis (n=4), pneumonia (n=3), CMVdisease

(n=4), BK virus cystitis (n=2), and hemodynamic
failure (n=2). The deaths occurred in the first 8months
(range, 60-241 days) after BMT. The survival rate was
83.52%.

CMV disease and acute GVHD significantly
affected patient death (Figure 2). A multivariate Cox
proportional hazards regressionmodel confirmed that
only CMV disease was a significant independent risk
factor (P = .001). Patients experiencing CMV disease
had a 15.9-fold increased risk of a fatal outcome (Table
5).

Ksouri Habib et al / Experimental and Clinical Transplantation (2008) 1: 67-73 Exp Clin Transplant70

Abbreviations: CMV, cytomegalovirus; GVHD, graft-versus-host-disease.
1CMVAG, antigenemia; cell number, 2 × 105 cells. 2CMV PCR, polymerase chain reaction: the numbers 1, 2, 3 and 4
correspond, respectively, to 80, 800, 8000, and 80 000 copies of CMV genome/mL.

Table 3. Role of maximal viral load and active CMV infection duration.
Events Maximal viral load Duration of active CMV infection (weeks)

Factor AG1 PCR2 AG PCR
≤ 10 > 10 P 1 - 2 3 - 4 P ≤ 4 > 4 P ≤ 4 > 4 P

Total patient number 26 9 29 29 28 7 38 20

Acute GVHD 10 6 .2 8 14 .1 11 5 .2 13 9 .6
Chronic GVHD 1 4 .01 5 7 .5 1 4 .03 4 8 .01
CMV disease 3 2 .5 7 3 .1 4 1 1 7 3 1
Non-CMV Infections 2 6 .001 7 5 .5 6 2 .6 4 8 .01

Abbreviations: CMVD, CMV disease; GVHD, graft-versus-host disease;
R, recipient.

Table 4. CMV disease supporting factors.
CMVD + CMVD - P

Total patient number 11 80
R CMV serostatus positive 9 58

negative 1 12 1
unknown 1 10

Age (years) < 18 5 42 .6
≥ 18 6 38

Underlying disease Malignant 8 30 .04
Nonmalignant 3 50

Total body irradiation 5 12 .02
Acute GVHD 7 19 .01
Chronic GVHD 3 10 .1
Non-CMV Infections 3 10 .1

Figure 1. Kaplan-Meier estimates of overall surviving patients.
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Discussion

The data reported here are similar to those of other
authors (8, 17-21): Patientswith allogeneic BMT (4)with
positiveCMVserostatus (4, 7) and acuteGVHD (4, 6-8)
are at high risk of developing active CMV infection.

Acute GVHD significantly affects active CMV
infection recurrence (P < .01) (Table 1). CMV infection
recurrence was more frequent with short courses of
antiviral therapy (22, 23). The poor bioavailability of
oral ganciclovir may account for this; drug resistance
also may be a supplementary factor (24). None of the
variables we investigated was significantly
associated with an increase in antigenemia (Table 1),
especially acute GVHD; this contradicts previous
reports (6, 7, 18). However, early active CMV
infection significantly affected rates of acute GVHD
as shown in Table 2, which confirms the interaction
between these 2 factors (4, 25, 26).

Nichols and colleagues (7) have reported that
corticosteroids constitute the primary risk factor for
the increase in antigenemia by impairing the
recipient’s immunity and supporting infectious
complications. Also, CMV viremia is a risk factor for
the development of opportunistic infections (19, 27).
Thus, for our patients, a relatively high antigenemia
load above 10 cells, is significantly associated with
non-CMV infections (opportunistic infections) and
chronic GVHD increase (meaning the interaction
between long-term corticosteroid treatment in
chronic GVHD, impairment of immunity and
antigenemia load increase) (Table 3). In contrast with
the literature (28, 29), high-grade CMV DNA copy
level was not predictive of clinical progression to
disease in our patients (Table 3). However, CMV PCR
duration is significantly associated with clinical
complications, confirming the usefulness of
quantitative CMV PCR for monitoring of CMV-
infected patients (6, 29).

Among the 19 patients who developed acute
GVHD before active CMV infection, 7 had CMV
disease, whereas there was no CMV disease among
patients in whom acute GVHD occurred after active
CMV infection. Thus, the timing of corticosteroid
initiation may play a role in increasing CMV
virulence and the occurrence of CMV disease (2, 24).
Only 1 patient experienced late-onset CMV disease,
although we used prolonged antiviral treatment (22,
30, 31) in 7 of 11 CMV disease patients. Acute GVHD
(8, 21, 32) and early active CMV infection (33) may
promote early CMV disease onset, which occurred in
45.3% of our patients (Table 2). Similar to the results
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Abbreviations: CMVD, CMV disease; GVHD, graft-versus-host disease;

Table 5.Multivariate Cox analysis for poor outcome risk factors.
No. of patients P Hazard risk

Active CMV infection - 13
+ 2 .1 0.262

CMV disease - 6
+ 9 .001 15.926

Acute GVHD - 11
+ 4 .059 5.680

Chronic GVHD - 4
+ 9 .1 0.33
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of others (7, 29, 34, 35), our patients developed CMV
disease despite low systemic viral loads.

A lack of CMV control (21, 3, 24) because of
impaired immunity before BMT explains the role of
malignant underlying disease and total body
irradiation as significant risk factors for the occurrence
of CMV disease (Table 4).

Deaths occurred quickly, in 60 to 241 days, mainly
due to infectious complications (Figure 1). A
predominance of nonmalignant disease and related
HLA-matched donors may explain the low death rate
in our patients. CMVdisease on univariate (Figure 2A)
and multivariate (Table 5) Cox analyses represents a
significant risk factor for death. The fact that 7 of 11
patients experiencing CMV disease had long-term
therapy helps explain our results. CMV disease
outcomes andmortality are improvedby short-term (14
days) pp65 CMV antigenemia or PCR-based pre-
emptive treatment (23, 25, 36, 37). Pre-emptive antiviral
therapy blocks rather than curesCMVdisease; immune
recovery is required to cure an active CMV infection
(38-39). In conclusion, despite antiviral prophylaxis, use
of antigenemia and molecular methods for CMV
surveillance, and pre-emptive antiviral therapy, CMV
disease remains an extremely hazardous complication.
The most important finding in our study is that early
active CMV infection significantly increases the
occurrence of acute GVHD, and GVHD affects active
CMV infection recurrence. Viral load, as quantified by
pp65CMVantigenemia, is significantly associatedwith
increases in chronic GVHD and non-CMV infections,
such as is the persistence of CMV DNA in PBLs.
Although not statistically significant, acute GVHD
occurrence after active CMV infection led to CMV
disease less frequently than when GVHD occurred
before active CMV infection, emphasizing the role of
start time for corticosteroid treatment after BMT.

Factors that impair the recipient’s immune status
represent poor outcome factors for CMV disease. The
modalities of pre-emptive therapy remain
controversial; disparities between results reflect
disparities between patients. An “à la carte” antiviral
pre-emptive therapy provides an acceptable solution
until immunotherapy with CD8+ CMV cytotoxic T
lymphocytes become easily available.
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