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Abstract
AIM: To determine the incidence of and the risk factors
for cytomegalovirus (CMV) symptomatic infection
and end-organ disease after autologous stem cell
transplantation (ASCT).

Informed consent statement: All the patients had signed an
informed consent granting use of sensitive data for scientific
purposes at time of admission in our Institute.

METHODS: A total of 327 consecutive non CD34+ sel
ected autografts performed from the Hematology and
Stem Cell Transplantation Unit of Regina Elena National
Cancer Institute of Rome (Italy) in the period comprised
between January 2003 to January 2015, were reviewed.
Over the 327 autografts, 201 were performed in pati
ents with multiple myeloma, whereas the remaining
126 in patients affected by non-Hodgkin’s lymphoma
and Hodgkin’s lymphoma. The patients who underwent
an ASCT for an acute leukemia (n = 20) in the same
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period were excluded from this analysis. CMV DNA
load in the blood has been determined by polymerasechain reaction in the case of a clinical suspicion of
reactivation, therefore, no routine monitoring strategy
was adopted. In the presence of signs and symptoms of
CMV reactivation an antiviral treatment was performed.

undergoing ASCT. Most of cases of CMV reactivation
are easily manageable but it can be a potentially lifethreatening complication. As for risk factors, a pretransplant HBcIgG seropositivity and a diagnosis of
T-cell non-Hodgkin’s lymphoma should be considered
as independent risk factors for CMV reactivation after
ASCT.

RESULTS: Overall, 36 patients (11%) required a specific
antiviral treatment for a symptomatic CMV reactivation
(n = 32) or an end-organ disease (n = 4). We observed
20 and 16 cases of CMV reactivation among lymphoma
(16%) and myeloma patients (8%), respectively.
Among cases of end-organ disease, 3 were diagnosed
as interstitial pneumonia and one remaining case as
hemorrhagic enteritis. All cases of CMV reactivation
were observed in IgG seropositive patients, with no
documented cases of primary CMV infection. All patients
were treated with a specific antiviral therapy, with a
global rate of hospitalization of 55%; four patients
received intravenous immunoglobulins. Transplantrelated mortality was significantly higher in patients
who experienced a CMV reactivation (8.4% ± 4.7% vs
1.7% ± 0.8%; P = 0.047). In univariate analysis, a pretransplant HBcIgG seropositivity, a diagnosis of T-cell
non-Hodgkin’s lymphoma and higher median age at
transplant were significantly associated with the risk of
developing a clinically relevant CMV infection requiring
specific antiviral therapy (P < 0.001, P = 0.042 and P =
0.004, respectively). In multivariate analysis, only a pretransplant HBcIgG seropositivity (OR = 8.928, 95%CI:
1.991-33.321; P = 0.023) and a diagnosis of T-cell nonHodgkin’s lymphoma (OR = 4.739, 95%CI: 1.511-11.112;
P = 0.042) proved to be independent predictors of a
post-transplant clinically relevant CMV reactivation.
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INTRODUCTION
Cytomegalovirus (CMV) reactivation is not uncommon
and could determine a CMV-related disease in immuno
compromised patients. CMV disease may involve
almost any organ, particularly lung and gastrointestinal
tract. CMV reactivation and end-organ disease after
allogeneic hematopoietic stem cell transplantation
[1]
has been well studied . On the contrary, hematologic
patients treated with high-dose chemotherapy and who
underwent autologous stem cell transplantation (ASCT)
were historically considered to have a low risk of CMV
reactivation or end-organ disease. Previous studies
on lymphoma and myeloma patients suggested an
incidence of CMV reactivations of about 30%-40% when
CMV determination was based on polymerase-chain
reaction (PCR)/antigenemia prospective surveillance
and of 1%-13% when determinations were performed
only on the basis of clinical suspicion of infection, with
a infection-mortality rate that ranged between 0% and
[2-11]
100%
. The guidelines of the European Conference
on Infections in Leukemia (ECIL), published in 2008,
consider the routine monitoring of CMV unnecessary
in patients undergoing ASCT because of the low risk
progression from infection to disease, with the exception
of patients receiving CD34- selected grafts and prior
treatment with Fludarabine, Cladribine or Alemtuzumab,
considering that this setting of patients presented
a profound alteration of T-cell-mediated immunity
[12]
functional status . However, the recent large use of
immunotherapeutic drugs for the treatment of lymp
homas and the introduction of proteasome inhibitors in
the treatment of myeloma has determined an increase
of viral infections also outside allogeneic transplantation
setting, as for ASCT. In the last years, some studies
have been published by our and others groups in order
to better characterize the incidence of and the risk
factors for CMV infection in ASCT of both in lymphoma
[13-17]
and myeloma patients
. However, considering the
low number of patients studied and to the multicenter
nature of some previous studies (potential bias for the

CONCLUSION: A symptomatic CMV infection can
occur in about 11% of adult patients with lymphoma
or myeloma undergoing ASCT. A pre-transplant HBcIgG
seropositivity and a diagnosis of T-cell non-Hodgkin’s
lymphoma should be considered as independent predictor
factors of CMV reactivation.
Key words: Cytomegalovirus; Autologous hematopoietic
stem cell transplantation; Lymphoma; Myeloma; HBcIgG
seropositivity; Transplant-related mortality
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data about cytomegalovirus (CMV) reactivation
in autologous hematopoietic stem cell transplantation
(ASCT) are limited. We performed a retrospective
observational study on 327 autografts consecutively
performed for lymphoma (n = 126) or myeloma (n =
201) patients in our Institution. Aim of the study was
to determine the incidence of and the risk factors for
CMV symptomatic infection and/or end-organ disease,
defined according to published recommendations, and
the impact on Transplant-Related Mortality. Our data
show that a symptomatic CMV infection can occur in
about 11% of adult patients with lymphoma or myeloma
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transplant until the resolution of severe neutropenia. All
patients had signed an informed consent granting use
of sensitive data for scientific purposes. The study has
been approved by the institutional Ethical Committee.

Table 1 Patient characteristics at transplant n (%)
Median age (range)

56 (18-72)

Sex, M/F

198/129

Diagnosis
Multiple myeloma
B-cell non-Hodgkin's lymphoma
Hodgkin's lymphoma
T-cell non-Hodgkin's lymphoma
CMV IgG seropositivity1
HBcIgG serositivity
HCVAb seropositivity1
Disease status
Complete response
Partial response
Stable/progressive disease
Prior chemotherapy lines
1
2
≥3
Prior fludarabine treatment
Prior alemtuzumab treatment
Conditioning regimen
BEAM or BEAM-like
MEL200/MEL100
Median CD34+ infused cells × 106/kg (range)

201 (61)
80 (25)
27 (8)
19 (6)
304 (93)
46 (14)
5 (1.5)

Criteria for diagnosis of CMV symptomatic infection and
end-organ disease

The criteria were based on published recommend
[12,18-20]
ations
. According to local policy and published
[12]
guidelines , CMV DNAemia was determined only upon
clinical suspicion of post-transplant reactivation, therefore
no routine monitoring CMV strategy was adopted.
Clinical suspicion criteria for check CMV DNAemia were
defined as follows: presence of fever (temperature > 38
℃) and overt clinical signs of bone marrow suppression,
and in the absence of concomitant bacterial, viral (i.e.,
HHV-6, EBV, parvovirus B19) or fungal co-infections
(as demonstrated by clinical examination, thoracic
computerized tomography, and repeated cultures from
blood and urine). Bone marrow suppression was defined
as a delay of neutrophilis and/or platelet recovery from
ASCT (absence of complete neutrophilis and platelets
recovery after 14 and 21 d from transplantation,
respectively) or a drop in neutrophilis and/or platelet
count after recovery (absolute count of neutrophilis or
platelets < 1000/mcL or 100000/mcL, respectively,
or a decrease of at least 30% of the counts in two
consecutive determinations). CMV symptomatic infection
was defined as a documented CMV DNAemia, confirmed
by two consecutive determinations, in presence of
clinical suspicion criteria of reactivation. CMV end-organ
disease was defined by the presence of signs consistent
with CMV infection, as determined by a combination
of imaging and clinical and histopathological/molecular
evaluations. In particular, CMV gastrointestinal disease
was defined by the presence of a combination of clinical
symptoms from the upper or lower gastrointestinal tract,
findings of macroscopic mucosal lesions on endoscopy,
and demonstration of the presence of CMV inclusion
bodies in the tissue biopsy, further confirmed by positive
immunohistochemical staining of CMV antigens in tissue
sections of the gastrointestinal tract. CMV pneumonia
was defined by the presence of clinical (hypoxemia)
and radiological signs of interstitial pulmonary disease
combined with the detection of high viral loads of
CMV by quantitative PCR in bronchoalveolar lavage
fluid confirmed by detection of CMV by direct immuno
[18,20]
staining of alveolar cells
. Lung tissue biopsies to
demonstrate the presence of CMV inclusion bodies in
the tissue biopsy, were not performed considering the
high risk of complications derived from a pulmonary
biopsy in patients with a severe respiratory distress
and a great hemorrhagic risk. In the presence of signs
and symptoms of CMV reactivation, as above specified,
an antiviral treatment was performed. The choice of
antiviral agent to use for symptomatic reactivation
treatment (Ganciclovir, Valganciclovir, Foscarnet sodium)
was based on clinical features of the patients at the time

205 (63)
114 (35)
8 (2)
185 (57)
120 (37)
22 (6)
5 (1.5)
0
126 (39)
201 (61)
5.62 (2.36-28.48)

1

Datum is missing in 2 patients. BEAM: Carmustine, Etoposide, Cytarabine,
Melphalan; MEL200: Melphalan 200 mg/m 2; MEL100: Melphalan 100
mg/m2; CMV: Cytomegalovirus.

heterogeneity of molecular virology laboratories and
diagnostic strategies), data about this issue are not yet
conclusive and needed to be validated. Based on these
findings, the present study aimed to evaluate the risk
factors for CMV symptomatic reactivation/end-organ
disease and its impact in transplant-related mortality
(TRM) in a large cohort of lymphoma and myeloma
patients who underwent ASCT, under a unique and un
changed diagnostic strategy of this infection.

MATERIALS AND METHODS
Patients

+

A total of 327 consecutive non CD34 selected auto
grafts performed from the Hematology and Stem Cell
Transplantation Unit of Regina Elena National Cancer
Institute of Rome (Italy) in the period comprised
between January 2003 to January 2015, were reviewed.
Over the 327 autografts, 201 were performed in patients
with multiple myeloma, whereas the remaining 126 in
patients affected by non-Hodgkin’s lymphoma (NHL) and
Hodgkin’s lymphoma. The patients who underwent an
ASCT for an acute leukemia (n = 20) in the same period
were excluded from this analysis. Patient characteristics
at transplant are described in detail in Table 1. All
patients were treated under a same anti-infectious and
transfusional policy; in particular, all patients had received
an antiviral prophylaxis with Valacyclovir and antiPneumocystiis prophylaxis with Cotrimoxazole given from
the day of transplant until six months after and an antibacterial prophylaxis with Ciprofloxacin from the day of
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of reactivation.

(8%) of extensive skin involvement by CMV infection,
presenting as diffuse erythema not determined by
others causes and promptly resolved after the begin
of specific antiviral treatment. Median time from the
transplant and the first detection of viral DNA in blood
samples was of 33 d (range: 12-77). All cases of CMV
reactivation were observed in IgG seropositive patients,
with no documented cases of primary CMV infection. All
patients were treated with a specific antiviral therapy
(Table 2), with a global rate of hospitalization of 55%;
four patients received intravenous immunoglobulins.
The patients who experienced a symptomatic CMV
reactivation presented a significant delay in neutrophilis
and platelets recovery (P = 0.003 and P = 0.001,
respectively). As for clinical outcome after antiviral
treatment, 3 patients died, with a global mortality rate
of 8%. However, we observe only one death directly
related to CMV (respiratory distress caused by interstitial
pneumonia), whereas in the others two cases, death
was caused by gram negative septic shock. Figure
1 shows the cumulative incidence of 100-d TRM. As
shown by the curves, TRM was significantly higher in
patients who experienced a CMV reactivation (8.4% ±
4.7% vs 1.7% ± 0.8%; P = 0.047). A pre-transplant
HBcIgG seropositivity, a diagnosis of T-cell NHL and an
higher age at transplant were associated with the risk of
post-transplant CMV reactivation, at univiariate analysis
(P < 0.001, P = 0.042 and P = 0.004, respectively).
All others baseline analyzed parameters, including sex,
diagnosis (lymphoma vs myeloma), disease status at
transplant, previous chemotherapy lines, conditioning
+
regimes and median CD34 infused cells, resulted not
statistically significant (data not shown). In multivariate
analysis, a pre-transplant HBcIgG seropositivity (OR
= 8.928, 95%CI: 1.991-33.321; P = 0.023) and a dia
gnosis of T-cell NHL (OR = 4.739, 95%CI: 1.511-11.112;
P = 0.042) were independent risk factors for a posttransplant CMV reactivation.

Quantification of CMV DNA

Automated nucleic acid sample preparation systems
NucliSENSeasyMAG® (BioMerieux, Durham, United
States) has been used for DNA extraction from plasma,
according to the manufacturer’s instructions. Amplifi
cation for detection and quantification of viral DNA has
been performed using commercially available realtime PCR assays (Affigene® CMV Trender diagnostic
assay), according to the manufacturer’s instructions
(Cepheid AB, Bromma, Sweden) on a Mx3000P® System
(Stratagene, La Jolla, CA, United States) until August
2013 then the analogous Geneproof CMV PCR kit (Czech
Republic) on SLAN® Real-Time PCR Detection System
(Shanghai Hongshi Medical Technology Co., Ltd). The
limit of detection was 88 copies/mL in both kit.

Statistical analysis

Data were analyzed by Statistical Package of Social
Sciences software (SPSS, version 17.0, Chicago, United
States). Univariate analysis was performed in order to
identify risk factors for clinically relevant CMV infection
2
requiring specific treatment by using χ test (Fisher
or Pearson) and analysis of variance for categorical
and quantitative variables, respectively. Two-sided
P-values below 0.05 were considered to be statistically
significant for the multivariate analysis. In case of two
or more significant variables with reciprocal competitive
effect, only the variable statistically more significant or
clinically more relevant was included in the final model.
Binary logistic regression model was used to analyze
associations between significant baseline characteri
stics and the occurrence of CMV infection. Enter and
remove limits were 0.05 and 0.1, respectively. TRM
was estimated with the cumulative incidence method
considering dead for relapse or other not transplantrelated causes as competing risks. The curves of various
subgroups were compared using Gray’s test.

DISCUSSION
CMV reactivation can be a relevant cause of morbidity
following ASCT in adult lymphoma and myeloma
patients. From our survey, 36 over 327 patients (11%)
were treated for a post-transplant symptomatic CMV
reactivation. Moreover, we observed 4 cases of endorgan disease (1%; 3 cases of interstitial pneumonia
and 1 case of hemorrhagic enteritis). Cumulative
incidence of TRM was significantly affected by the
occurrence of a symptomatic CMV reactivation (5-fold
risen, Figure 1), although only one death was directly
attributable to CMV (respiratory distress caused by
interstitial pneumonia), whereas the remaining two
were caused by a gram negative bacterial co-infection,
indirectly favored by the graft failure consequent to CMV
reactivation. The global incidence of CMV reactivation
and of end-organ disease observed in our study were
[14,15,17]
substantially similar to our previously reports
,
but also to the others published studies in which it

RESULTS
Clinical characteristics of patients at transplant are
described in Table 1. The large majority of patients were
seropositive for CMV IgG (304/327, 93%) and 46 (14%)
were HBcIgG seropositive. Most of patients received un
up-front ASCT (185/327, 57%) and 205 (63%) were
transplanted in complete remission (CR). Median age at
transplant was of 56 years (range: 18-72). Overall, 36
patients (11%) were treated with an antiviral therapy
for a symptomatic CMV reactivation (n = 32) or an endorgan disease (n = 4). We observed 20 and 16 cases
of CMV reactivation among lymphoma (16%) and
myeloma patients (8%), respectively. The more relevant
features of reactivation episodes are described in Table 2.
Among cases of end-organ disease, 3 were diagnosed
as interstitial pneumonia and one remaining case as
hemorrhagic enteritis. We observed also three cases
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Table 2 Clinical and laboratory features and outcome of cytomegalovirus reactivation
episodes requiring specific antiviral treatment (36/327, 11%)
Clinical and laboratory features

No. of cases

Fever (temperature > 38 ℃ persistent at least 60 min)
Signs of bone marrow suppression (delay of neutrophilis and/or platelet
recovery or drop in neutrophilis and/or platelet count after recovery)
DNAemia positivity (PCR assay)
End-organ disease (according to published criteria)
Interstitial pneumonia
Enteritis
Median number of CMV copies at first detection (range)1
Median day from transplant at first detection (range)
Pre-transplant CMV IgG seropositivity
Outcome
Treatment2
Ganciclovir
Foscarnet sodium
Valganciclovir
Immunoglobulins
Need of hospital admission
Hematological recovery, median (range)3
Neutrophilis > 500/mcL
Platelets > 20000/mcL
Alive
Dead (48, 62, 89 d from transplant)

36 (100%)
35 (97%)
36 (100%)
4 (11%)
3
1
895 (188-10120)
33 (12-77)
36 (100%)

8
16
12
4
20 (55%)
14 (10-25)
20 (11-88)
33 (92%)
3 (8%)

1

Limit of detection of PCR testing: 88 copies/mL; 2Foscarnet sodium dosage: 60 mg/kg twice daily
for 14 d, than 60 mg/kg per day for subsequent 5 d weekly for 2 wk); Ganciclovir dosage: 5 mg/kg
twice daily for 14 d, than 5 mg/kg per day for subsequent 5 d weekly for 2 wk; Valganciclovir dosage:
900 mg twice daily for 14 d, than 900 mg/d for subsequent 5 d weekly for 2 wk; 3The occurrence
of a symptomatic CMV reactivation after ASCT, requiring antiviral treatment, leads to a delay
in neutrophilis and platelets recovery (P = 0.003 and P = 0.001 respectively). ASCT: Autologous
hematopoietic stem cell transplantation; CMV: Cytomegalovirus.

1.0

P = 0.047

No CMV reactivation
CMV reactivation

Cumulative incidence of TRM

0.8

0.6

0.4

0.2

0.0
0

20

40

60

80

100

Days after transplant

Figure 1 Cumulative incidence of 100-d transplant-related-mortality according to occurrence or not of a cytomegalovirus symptomatic reactivation/endorgan disease (8.4% ± 4.7% vs 1.7% ± 0.8%; P = 0.047). TRM: transplant-related-mortality; CMV: Cytomegalovirus.

has been used a same diagnostic strategy of CMV
[5,7-10,21]
reactivation
. Data about the global incidence of
CMV reactivation from our present study are particularly
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relevant because obtained in a single institution under
a unique and unchanged strategy of diagnosis of this
infection. Most of cases of CMV reactivation were
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Table 3 Risk factors for the occurrence of cytomegalovirus symptomatic reactivation
Variables

HBcIgG
Diagnosis
Diagnosis of T-cell NHL
Median age at transplant

Positive
Negative
MM
Lymphoma
Yes
No
Years (range)

Univariate analysis
Occurrence of symptomatic
infection or end-organ disease
16/46 (34%)
20/281 (7%)
16/201 (8%)
20/126 (16%)
6/19 (31%)
30/308 (10%)
60 (35-71) vs 52 (18-72)

P
< 0.001

Multivariate analysis
OR (95%CI)
P
8.928 (1.991-33.321)

0.023

0.095

1.841 (1.058-5.633)

0.125

0.022

4.739 (1.511-11.112)

0.042

0.004

2.922 (1.273-6.295)

0.088

MM: Multiple myeloma; NHL: Non-Hodgkin’s lymphoma.

easily manageable, particularly in myeloma patients
and about one third of cases (12/36, 33%; Table 2)
were treated with oral Valganciclovir. However, consi
dering that the occurrence of a symptomatic CMV
reactivation had lead to a delay of neutrophilis and
platelets recovery or to a graft failure, most of cases
were treated with intravenous Foscarnet sodium,
with a global rate of hospital re-admission of about
50% (Table 2). Our data confirm that lymphoma and
myeloma patients who underwent an ASCT from CD34non selected cells and not receiving Fludarabine and
Alemtuzumab prior transplant are at low risk of CMV
reactivation and a CMV end-organ disease is a rare
event in this setting. However, it is an important cause
of morbidity and, despite often easily manageable,
CMV reactivation is also capable to affect TRM, as
direct or indirect action. In our opinion, in this setting of
patients, a prospective monitoring of PCR (surveillance
strategy) is not recommended in all patients (according
[12]
to ECIL guidelines ), but clinicians should be aware
of this potentially severe complication, especially in
the presence of post-transplant unexplained fever and
drop in neutrophilis and platelets count. In this study,
pre-transplant HBcIgG seropositivity is an independent
factor able to predict the occurrence of a post-transplant
CMV reactivation (Table 3). This datum, obtained in
a larger number of lymphoma and myeloma patients
and in a single-center setting, confirms our previous
[14]
published results in lymphoma patients . HBcIgG is a
marker of occult hepatitis B virus (HBV) infection carrier.
HBV positive patients could be considered as patients at
[22,23]
risk for CMV reactivation
. The role of a HBV latent
co-infection as independent factor for CMV reactivation
observed in our study has a physiopathologic rationale,
considering that interactions among some different
viruses have been demonstrated to have a role in
the pathogenesis of infections, through mechanisms
of cross-permissiveness mediated by the immune
[14,24-26]
system
. In fact, the mechanisms of virus-virus
interaction is common and crucial to understanding
pathogenesis of viral infections; we hypothesized that
HBV is capable of favoring a CMV co-infection through
direct interaction of viral molecules, but also trough
[26]
acting on cell-mediate immune system . However,
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contrasting data are recently obtained in allogeneic
hematopoietic stem cell transplantation by Lin and
collaborators, that suggest that the underlying HBV
infection in donors or recipients before transplant
does not increase the risk of CMV infection and end[27]
organ disease . Moreover, our data suggest for the
first time that also a diagnosis of T-cell NHL seems
to be an independent risk factor for post-transplant
CMV reactivation in ASCT (Table 3). Although obtained
on a small number of patients, also this datum is
not surprising if we consider that CMV reactivation is
associated with the presence of dysfunctional antigen[28]
specific CD8+ cells and that T-cell-mediated immunity
plays a crucial role in the control of latent CMV infection.
In this point of view, we could hypothesize that the
impaired T-cell function observed in T-cell NHL is a
favoring factor for post-transplant reactivation of CMV
in autografted patients. In conclusion, from our study
in adult lymphoma and myeloma patients undergoing
ASCT, three issues may be addressed: (1) The incidence
of CMV reactivation and end-organ disease are about
of 11% and 1%, respectively. The occurrence of a CMV
symptomatic reactivation is often easily manageable
but is able to affect directly or indirectly the cumulative
incidence of TRM (5-fold risen); (2) Our data confirm in
a larger cohort of patients that a pre-transplant HBcIgG
seropositivity is an independent risk factor for posttransplant CMV reactivation; and (3) With the caution
due to limited number of patients, our data suggest for
the first time that T-cell lymphoma patients could be also
considered at high risk for post-transplant symptomatic
CMV reactivation.
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permit to individuate patients that could beneficiate of a surveillance diagnostic
strategy of CMV reactivation, and also of a pre-emptive therapy.
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