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Guidelines for the management of cytomegalovirus infection 
in patients with haematological malignancies and after stem 
cell transplantation from the 2017 European Conference on 
Infections in Leukaemia (ECIL 7)
Per Ljungman, Rafael de la Camara, Christine Robin, Roberto Crocchiolo, Hermann Einsele, Joshua A Hill, Petr Hubacek, David Navarro, 
Catherine Cordonnier, Katherine N Ward, on behalf of the 2017 European Conference on Infections in Leukaemia group*

Cytomegalovirus is one of the most important infections to occur after allogeneic haematopoietic stem cell 
transplantation (HSCT), and an increasing number of reports indicate that cytomegalovirus is also a potentially 
important pathogen in patients treated with recently introduced drugs for hematological malignancies. Expert 
recommendations have been produced by the 2017 European Conference on Infections in Leukaemia (ECIL 7) after a 
review of the literature on the diagnosis and management of cytomegalovirus in patients after HSCT and in patients 
receiving other types of therapy for haematological malignancies. These recommendations cover diagnosis, preventive 
strategies such as prophylaxis and pre-emptive therapy, and management of cytomegalovirus disease. Antiviral drugs 
including maribavir and letermovir are in development and prospective clinical trials have recently been completed. 
However, management of patients with resistant or refractory cytomegalovirus infection or cytomegalovirus disease 
is a challenge. In this Review we summarise the reviewed literature and the recommendations of the ECIL 7 for 
management of cytomegalovirus in patients with haematological malignancies.

Introduction
Cytomegalovirus causes multiorgan disease both early 
and late after haematopoietic stem cell transplantation 
(HSCT).1–3 Seropositivity for cytomegalovirus remains 
a risk factor for non-relapse mortality despite major 
advances in early diagnosis and management.1,2 The 
relevance of seropositivity in other patient populations is 
less well studied. The introduction of new types of cancer 
therapies has highlighted that cytomegalovirus might be 
of importance outside of the transplant setting. A 
working group within the 2017 European Conference on 
Infections in Leukaemia (ECIL 7) reviewed the literature 
and developed recommendations (panel 1), which we 
present in this Review alongside a discussion of the 
relevant literature on the diagnosis, prophylaxis, and 
management of cytomegalovirus infection after HSCT 
and in patients with haema-​tological malignancies.

Definitions and diagnosis of cytomegalovirus 
disease
For cytomegalovirus infection and disease, definitions 
were developed specifically for transplant patients and 
are described in detail by Ljungman and colleagues.5 
Symptoms of organ involvement together with cyto-​
megalovirus detection only in the blood, regardless 
of the method, are insufficient for the diagnosis of 
cytomegalovirus disease given the possibility of other 
infectious and non-infectious causes (such as graft-
versus-host disease [GvHD]). To date, insufficient evi-​
dence exists to support the use of quantitative 
PCR (qPCR) for documentation of cytomegalovirus 
disease in tissue specimens, for which the positive 
predictive value is too low5 and no cut-offs have been 
defined.

The diagnosis of cytomegalovirus pneumonia is proble- 
matic as asymptomatic viral shedding in the airways is 
common. A few points should be considered in the 
diagnosis of cytomegalovirus pneumonia: (1) a negative 
result in a DNA test for cytomegalovirus in the broncho-​
alveolar lavage (BAL) fluid has a negative predictive 
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Panel 1: 2017 European Conference on Infections in 
Leukaemia (ECIL 7) procedures for writing the guidelines 
on cytomegalovirus management

•	 MEDLINE (including MEDLINE In Process) searches were 
done with no start date (all studies published) until 
June 30, 2017, to identify potentially relevant English 
language studies related to cytomegalovirus infection or 
disease in patients following haematopoietic stem cell 
transplantation and in patients with haematological 
malignancies. References were also screened for other 
potentially relevant papers.

•	 The relevant studies were analysed, with particular 
attention given to the study design, the population, and 
the endpoints.

•	 Recommendations were developed, which were graded 
on the amount of evidence and strength of the 
recommendation according to the European Society of 
Clinical Microbiology and Infectious Diseases grading 
system (panel 2).4

•	 These suggested recommendations were presented in a 
plenary session of the ECIL 7 (Sept 22, 2017).

•	 The recommendations were discussed until a consensus 
was reached and were thereafter made available on the 
ECIL website from October 2, 2017, until March 1, 2018, 
for open consultation.

www.ecil-leukaemia.com
http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(19)30107-0&domain=pdf
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value close to 100% and is strong evidence against 
cytomegalovirus pneumonia;6 (2) the positive predictive 
value of cytomegalovirus DNA detection in BAL fluid for 
cytomegalovirus pneumonia increases with higher viral 
DNA load in the BAL and with increasing underlying 
risk for cytomegalovirus disease in the tested patient 
(pretest probability);6 and (3) a cutoff for viral DNA load 
in the BAL cannot be established because it can 
vary between patients, by how the BAL procedure 
and processing are done, by the assay used for DNA 
quantitation, and by the severity of symptoms.

Cytomegalovirus epidemiology in allogeneic 
HSCT recipients
Cytomegalovirus disease incidence and mortality
Historically, cytomegalovirus disease developed in 10–40% 
of patients undergoing HSCT, as pneumonitis in most 
cases, and was associated with a high mortality (around 
70%). At present, the incidence of cytomegalovirus disease 
is 2–3% in the placebo control groups of several randomised 
prophylaxis trials7–11 and between 5% and 10% in real-world 
practice.3,12 New transplant methods affect the risk of 
cytomegalovirus infection and disease. Haploidentical and 
cord blood transplantations have been reported to have 
similar frequencies of cytomegalovirus reactivation.13 
Comparative studies do not show notable differences in 
the frequencies of cytomegalovirus infection or disease 
between different modes of haploidentical HSCT.14–16 By 
contrast, GvHD prophylactic regimens including therapy 
with sirolimus have been associated with a lower risk for 
cytomegalovirus infection.17

Cytomegalovirus epidemiology in cord blood HSCT
Cytomegalovirus is common after cord blood HSCT, 
probably because of delayed immune reconstitution.18–20 
Cytomegalovirus seropositivity and reactivation following 
cord blood HSCT have been associated with increased 
non-relapse mortality when compared with other stem 
cell sources.21–23 More intensive preventive strategies have 
therefore been suggested for after HSCT, especially 
unrelated cord blood HSCT.24 The numbers of cord blood 
transplants are decreasing because of the increased use of 
haploidentical HSCT.

Cytomegalovirus epidemiology in haploidentical HSCT 
with ex-vivo graft manipulation
Haploidentical HSCT with ex-vivo graft manipulation 
is commonly used in paediatric patients.25–27 In early 
reports, cytomegalovirus was found to be the cause of 
death in 14 out of 27 (52%) infection-related fatal 
events.28 Patient–donor pairs who were cytomegalovirus 
seronegative had better leukaemia-free survival than 
the other combinations (pairs with mixed serostatus or 
seropositive pairs; 45% vs 16%, p=0·01).29 Later studies 
reported an incidence of cytomegalovirus infection 
after ex-vivo T-cell-depleted haploidentical HSCT 
of 42–66%;14–16,30 further​more, 25–50% of non-relapse 

mortality was attributed partly or exclusively to 
cytomegalovirus.15,16 However, with selective depletion 
of cells positive for T-cell receptor alpha/beta and CD19, 
this risk has been substantially reduced, as observed 
among children with a non-relapse mortality of 5% and 
no deaths due to cytomegalovirus.31

Cytomegalovirus epidemiology in haploidentical HSCT 
with post-transplant cyclophosphamide
The use of high-dose cyclophosphamide after unmani-​
pulated haploidentical HSCT has become the most 
commonly used platform in adults in Europe.32 The 
incidence of cytomegalovirus infection has been 
reported to be 35–76%13,32–39 and of cytomegalovirus 
disease to be 0–17%.39 Two retrospective studies showed 
similar frequencies of cytomegalovirus infection and 
disease with post-transplant cyclophosphamide when 
given after haploidentical HSCT, compared with after 
HLA-matched, related HSCT and unrelated donor 
HSCT.35,40

Cytomegalovirus disease
The incidence of cytomegalovirus disease occurring within 
the first 100 days after HSCT has shown a continuous 
decline over the past few decades.12,41 Pre-engraftment 
cytomegalovirus disease, although rare, is associated with 
a notably high mortality. In recent years, studies have 
reported gastrointestinal cytomegalovirus disease as the 
most frequently diagnosed type (70–80% of all cases).7,42 
Several studies have shown that the antigenaemia test and, 
to a lesser extent, PCR, are frequently negative at the time 
of diagnosis of gastrointestinal cytomegalovirus disease.42,43 
Thus, cytomegalovirus load in plasma or whole blood does 
not adequately represent cytomegalovirus replication in 
the gastrointestinal mucosa, possibly because gastro-​
intestinal disease, at least initially, is a local tissue event, 
frequently associated with GvHD.

Pre-emptive therapeutic or prophylactic use of high 
potency anticytomegalovirus drugs has been shown to 
result in an increased risk of late cytomegalovirus 
disease (>100 days after HSCT).41 Cytomegalovirus 
pneumonitis is generally common in late-occurring 
disease, although most cases will have received pre-
emptive therapy.44 In a randomised, double-blind trial, a 
pre-emptive strategy based on weekly PCR monitoring 
until 9 months post-transplant was as effective as 
valganciclovir prophylaxis in preventing cytomegalovirus 
disease without an increase in late disease events.10

Donor and recipient cytomegalovirus serological 
status
The cytomegalovirus serological status of patients and 
donors strongly influences the outcome of HSCT. 
Cytomegalovirus-seropositive patients have a poorer 
outcome than seronegative patients.1,45 The use of a 
cytomegalovirus-seronegative donor for a cytomegalovirus-
seronegative patient reduces the risk of non-relapse 
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mortality.46,47 Several studies have shown that use of 
cytomegalovirus-seronegative donors over seropositive 
donors for seropositive patients has negative effects, 
including delayed cytomegalovirus-specific immune 
reconstitution,48,49 repeated reactivations,50 higher peak 
virus load,51 the need for repeated antiviral therapy 
courses,48 late cytomegalovirus recurrence,52 development 
of cytomegalovirus disease,50,53 and a decrease in survival.47

During 2000–15, the proportion of HSCT recipients 
older than 60 years tripled, from less than 10% in 
2000–06, to around 30% in 2015,54 resulting in increased 
numbers of patients who were cytomegalovirus 
seropositive undergoing HSCT over the same period. A 
study comparing 1995–2005 data with 2006–14 data 
showed a significant increase in the proportion of 
transplants that were cytomegalovirus donor-negative 
and recipient-positive (odds ratio 1·68).55

No consistent effect has been observed of patient–donor 
matching for cytomegalovirus serostatus after haploidentical 
HSCT with post-transplant cyclophosphamide.33,56–60 An 
analysis published in 2018 of almost 1000 cytomegalovirus-
positive patients found no significant effect with respect 
to non-relapse mortality and overall survival of donor 
serostatus.61 In cord blood transplant recipients, cytomega-​
lovirus seropositivity has been associated with increased 
non-relapse mortality.62

Recommendations for pretransplant testing of 
serological status
All patients and donors should be tested for cyto-​megalovirus 
IgG antibodies close to the time of HSCT (grade of 
recommendation according to the European Society of Clinical 
Microbiology and Infectious Diseases  [panel 2]4: AIIu). The 
performance (sensitivity and specificity) of commercially 
available serological assays is not equivalent; highly sensitive 
assays should be prioritised over those optimised for specificity 
(grade BIII).

Recommendations for choice of donor based on 
cytomegalovirus serological status
A cytomegalovirus-seronegative donor should be chosen when 
possible for a cytomegalovirus-seronegative recipient (grade AI 
[ for haploidentical HSCT, grade AIII]). A cytomegalovirus-
seropositive donor should be preferentially selected for a cyto-​
megalovirus-seropositive recipient in the setting of unrelated 
allogeneic HSCT with myeloablative conditioning (grade 
BIIu). Either a seropositive or seronegative donor is suitable 
for a seropositive recipient undergoing haploidentical HSCT 
with post-transplant cyclophosphamide (grade BIIu).

Cytomegalovirus and leukaemia relapse
An association between cytomegalovirus infection and 
reduced likelihood of leukaemia relapse after HSCT has 
been discussed for more than 30 years.63 Numerous studies 
have evaluated the role of cytomegalovirus in relapse. In 
summary, several of these studies, many small, have 
found associations between cytomegalovirus reactivation 

and decreased relapse risk especially for acute myeloid 
leukaemia.64–67 In the largest multicentre study to date 
involving 9469 patients, no effect of cytomegalovirus 
(serology or infection) on relapse was found.2 One study 
showed a higher relapse risk with cytomegalovirus 
infection or seropositivity.68 Several mechanisms have 
been proposed (eg, involvements of natural killer cells, 
γδ T cells, and cytotoxic T cells with activity against both 
cytomegalovirus and leukaemia antigens), but none have 
been proven.

Recommendation regarding cytomegalovirus and 
leukaemia relapse
Strategies permissive for cytomegalovirus reactivation with 
the aim of reducing leukaemic relapse are not recommended 
(grade DIIu).

Cytomegalovirus monitoring
Real-time qPCR methods are recommended for guiding 
the initiation of pre-emptive antiviral therapy and 
monitoring the response. Commercially available assays 
are preferred over so-called laboratory-developed assays, 
owing to the lower intra-assay and interassay variabilities of 
commercial kits.69 Assays differ in the gene target subject to 
amplification, the number of gene targets, the nature of the 
probe, and the platform used for PCR performance and 
analysis. These factors contribute to variability.70,71 The 
efficiency of DNA extraction systems varies widely, affecting 
cytomegalovirus DNA load.72 Whole blood and plasma 

Panel 2: Grading system of the European Society of Clinical Microbiology and 
Infectious Diseases (ESCMID)4 used to classify the 2017 European Conference on 
Infections in Leukaemia recommendations for the management of cytomegalovirus 
infection

Strength of a recommendation
•	 Grade A: ESCMID strongly supports the recommendation for use
•	 Grade B: ESCMID moderately supports the recommendation for use
•	 Grade C: ESCMID marginally supports the recommendation for use
•	 Grade D: ESCMID is against the use of the recommendation

Quality of evidence
•	 Level I: evidence from at least one properly designed randomised, controlled trial
•	 Level II: evidence from at least one well designed clinical trial, without randomisation; 

from cohort or case-controlled analytical studies (preferably from more than 
one centre); from multiple time series; or from dramatic results of uncontrolled 
experiments

•	 Level III: evidence from opinions of respected authorities, based on clinical experience, 
descriptive case studies, or reports of expert committees

Added index for level II quality of evidence
•	 r: meta-analysis or systematic review of randomised controlled trials
•	 t: transferred evidence, that is, results from different patient cohorts, or a similar 

immune status situation
•	 h: comparator group is a historical control
•	 u: uncontrolled trial
•	 a: published abstract (presented at an international symposium or meeting)
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specimens are equally suitable for cytomegalovirus 
DNAemia monitoring. Overall, cytomegalovirus DNA 
loads are higher in whole blood, although plasma and 
whole blood levels significantly correlate.73 For a given 
patient, cytomegalovirus DNA load monitoring should be 
consistently done with the same DNA extraction method, 
qPCR assay, and type of specimen.

Cytomegalovirus DNA load yielded by qPCR assays 
should be normalised to the WHO cytomegalovirus 
international standard74 and reported as international 
units (IU) per mL. Recalibration of the assays to this 
standard improves interassay agreement, although 
interlaboratory discrepancies of up to 1·5 log10 IU/mL in 
cytomegalovirus DNA loads can persist.74,75 The use of 
commercial systems minimises such discrepancies.76

Kinetic analyses of plasma cytomegalovirus DNA load 
might be useful. Specifically, a viral DNA load doubling 
time of less than 2 days anticipates the eventual need 
for pre-emptive therapy in a subset of patients.77 In 
turn, initiation of pre-emptive antiviral therapy on 
detecting a doubling time of less than 2 days can lead to 
a reduction in days on antiviral therapy.41

Monitoring of cytomegalovirus DNA load should be 
done at least weekly for the first 100 days post-transplant 
and for longer in patients with persistent T-cell immuno-​
deficiency.41,42,78 No consensus is available on a viral DNA 
load cutoff for initiation of antiviral therapy, as the cutoff 
for triggering therapy can be adapted according to 
baseline or post-transplant risk factors.41,42

Recommendations for monitoring of cytomegalovirus 
in plasma and whole blood
Allogeneic HSCT recipients should be monitored for 
cytomegalovirus in plasma or whole blood (grade AIIu). 
qPCR assays are more sensitive than detecting viral antigen 
pp65 (the pp65 antigenaemia assay) and are the primary 
choice for monitoring viral load (grade BIIu). Monitoring 
should be done at least weekly for the first 100 days after the 
transplant (grade AIIu). For a given patient, cytomegalovirus 
monitoring should be done with the same DNA extraction 
method, PCR assay, and specimen type (grade AIII). Longer 
monitoring is recommended in patients with acute or 
chronic GvHD, in those having experienced cytomegalovirus 
reactivation, in patients having undergone mismatched, 
cord blood, haploidentical HSCT (without post-transplant 
cyclophosphamide), in those on long-term effective prophylaxis, 
or in those displaying persistent immunodeficiency (grade 
AIII). Cytomegalovirus DNA cutoff values for pre-emptive 
therapy should be adapted according to the monitoring 
technique used and the transplant method (grade AIII).

Immunological monitoring
Functional cytomegalovirus-specific CD8 T cells are 
pivotal in the control of cytomegalovirus infection. Host 
responses to the cytomegalovirus pp65 antigen and 
immediate early 1 antigen are immune-dominant and 
elicit protective immune responses in most individuals.79–82 

Reconstitution of cytomegalovirus-specific CD4 T cells 
has been found to be crucial for the expansion and 
persistence of functional CD8 T cells.83

The number of peripheral cytomegalovirus-specific CD8 
T cells that produce interferon-γ appears to be a reliable 
marker of protection. A few prospective clinical studies 
have explored this assumption,49,84,85 and commercial assays 
now exist.86,87 Cut off values for cytomegalovirus-specific, 
interferon-γ-producing T cells that afford protection from 
cytomegalovirus pp65-antigenaemia, DNAemia, or, end-
organ disease have been proposed, but lack extensive 
clinical validation.

Recommendation regarding immunological monitoring 
of allogeneic HSCT recipients
Although data are scarce, sequential monitoring of interferon-
γ-producing cytomegalovirus-specific T cells seems to provide 
potentially useful information for the management of 
cytomegalovirus infection, and could be ancillary to viral DNA 
load monitoring to individualise pre-emptive therapy and 
identify patients at highest risk of developing new episodes of 
cytomegalovirus infection and end-organ disease (grade BIIt).

Cytomegalovirus management strategies
Prevention of primary cytomegalovirus infection
Cytomegalovirus-seronegative patients have a low 
risk of contracting cytomegalovirus infection with 
proper transfusion management. Blood products from 
seronegative donors or leucocyte-depleted blood 
products should be used.88–91 Leucocyte filtration should 
be done at the blood bank and the established quality 
standard of less than 1 × 10⁶ residual leucocytes per unit 
followed.91 Intravenous immunoglobulin has a minor 
effect and has been replaced by other more effective 
strategies as outlined.

Prevention of cytomegalovirus reactivation and disease
Cytomegalovirus replication itself has been associated 
with increased non-relapse mortality in patients who have 
undergone allogeneic HSCT.2,3 Therefore, prevention of 
cytomegalovirus replication by systemic prophylaxis 
would be logical. Two possible caveats should be 
considered with this strategy: not all patients will 
reactivate cytomegalovirus,7–9 meaning that some patients 
will receive antiviral drugs unnecessarily, exposing them 
to side-effects; and late cytomegalovirus disease can 
occur after discontinuation of the prophylaxis.52

Antiviral chemoprophylaxis aims to prevent 
cytomegalovirus reactivation in seropositive patients 
(table). This method to prevent primary infection in a 
cytomegalovirus donor-positive and recipient-negative 
setting has not been adequately studied after HSCT.

In randomised studies on allogeneic bone marrow 
transplantation, high doses of aciclovir or valaciclovir 
reduced the risk of cytomegalovirus infection but 
not cytomegalovirus disease.103,104 One of these studies 
comparing aciclovir with placebo reported improved 



www.thelancet.com/infection   Vol 19   August 2019	 e264

Review

survival, although the underlying mechanism was 
unclear.103 Intravenous ganciclovir prophylaxis was also 
tested in randomised trials for allogeneic marrows 
transplants105–108 and reduced the risk of cytomegalovirus 
disease compared with placebo, but did not improve 
survival. No difference was observed in cytomegalovirus 
disease risk or patient survival between ganciclovir 
and valacyclovir prophylaxis regimens,108 nor between 
ganciclovir prophylaxis and pre-emptive therapy.107 
Foscarnet prophylaxis has only been used in uncontrolled 
trials and prolonged use is limited by toxicity.109,110

Letermovir, a cytomegalovirus terminase inhibitor, was 
studied in cytomegalovirus-seropositive HSCT recipients 
under a 12-week drug regimen.11 Letermovir reduced 
clinically significant cytomegalovirus infection at 24 weeks 
(in 122/325 [37·5%] patients on letermovir vs 103/170 
[60·6%] patients on placebo) with no major toxic 
effects. Furthermore, all-cause mortality was reduced with 
letermovir at 24 weeks. Letermovir is only active against 
cytomegalovirus and therefore aciclovir or valaciclovir 
prophylaxis is necessary to prevent herpes simplex and 
varicella zoster virus infections. Patients who have received 
prophylaxis should be monitored after discontinuation of 
letermovir.

Maribavir at 100 mg twice a day was unable to prevent 
cytomegalovirus disease in a phase 3 trial.7 Brincidofovir 
was also unable in a phase 3 trial to reduce clinically 
significant cytomegalovirus infection at week 24 and was 
associated with statistically and clinically significant 
gastrointestinal toxic effects.111

However, none of these studies were powered to 
examine differences in survival. In 2018, two systematic 
reviews112,113 and an accompanying meta-analysis113 
examined the effects of antiviral prophylaxis in HSCT 
recipients.

Other prophylactic strategies include regular and 
cytomegalovirus-specific immunoglobulin, which have 
minor effects on the prevention of cytomegalovirus 
infection or disease114 and are not recommended for 
prophylaxis (grade DI).

Pre-emptive antiviral therapy
Monitoring by a sensitive technique such as PCR tests of 
whole blood allows intervention before development of 
cytomegalovirus disease. Pre-emptive therapy can be used 
as a stand-alone strategy or combined with antiviral 
prophylaxis.

First-line pre-emptive therapy
Ganciclovir is the most commonly used drug for pre-
emptive antiviral therapy. Valganciclovir is the prodrug of 
ganciclovir, and two pharmacokinetic studies showed 
that equal or even higher drug exposure can be achieved 
with oral valganciclovir compared with intravenous 
ganciclovir,115,116 although efficacy and safety were similar 
between the two drugs.117 The effects of valganciclovir 
have also been analysed in uncontrolled studies.117–119 With 

younger age in children, higher doses of ganciclovir are 
frequently needed. Foscarnet has been shown in a 
randomised trial to be as effective as ganciclovir for pre-
emptive treatment.120

The duration of therapy should be at least 2 weeks, 
aiming for at least one negative cytomegalovirus test. 
Increasing cytomegalovirus DNA load (or antigenaemia) 
within the first 2 weeks of antiviral therapy does not 
necessitate a change of therapy. If cytomegalovirus is 
still detected after 2 weeks of therapy, maintenance 
therapy with antiviral therapy given once daily can be 
considered.120 Repeated courses of pre-emptive therapy or 
a prolonged duration of initial pre-emptive therapy might 
be needed in patients showing slow decreases in viral load.

Recommendations regarding first-line pre-emptive 
therapy
Pre-emptive antiviral therapy based on detection of cyto-​
megalovirus DNA (or antigen) in whole blood or plasma is 
effective for the prevention of cytomegalovirus disease (grade 
AI). Either intravenous ganciclovir or foscarnet can be used for 
first-line pre-emptive therapy (grade AI). Oral valganciclovir 
can be used in place of ganciclovir or foscarnet, except in 
patients with severe gastrointestinal GvHD (grade AIIu). The 
choice of drug depends on time after HSCT, risk of toxic effects, 
and previous antiviral drug exposure. A combination of 
foscarnet plus ganciclovir at half doses is not recommended 
(grade DIII). All doses (appendix) should be adapted to the 
patient’s renal function. Therapeutic drug monitoring of 
ganciclovir might help to reduce toxic effects and guide therapy.

European Society 
of Clinical 
Microbiology and 
Infectious 
Diseases 
recommendation 
grading4

Study Comment

Aciclovir CI Prentice et al (1994)92

Milano (2011)93

Less effective than valaciclovir

Valaciclovir BI Ljungman (2002)94

Winston (2003)95

Milano (2011)93

Used together with pre-emptive 
therapy

Ganciclovir CI Winston (1993)96

Goodrich (1993)97

Used at engraftment

Valganciclovir CIIh Montesinos (2009)98

Boeckh (2015)99

Cord blood HSCT used in 
Montesinos et al;98 prophylaxis 
against late cytomegalovirus 
disease

Foscarnet DIIu Ordemann (2000)100

Bregante (2000)101

NA

Letermovir AI Marty (2017)102 Only effective against 
cytomegalovirus

HSCT=haematopoietic stem cell transplantation. NA=not applicable. 

Table: Recommended drugs for antiviral prophylaxis after allogeneic HSCT

See Online for appendix
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Second-line pre-emptive therapy
A patient developing a second episode of cytomegalovirus 
infection can usually be retreated with the same drug, 
albeit with consideration given to common side effects of 
the drug. The alternative drug of ganciclovir (or 
valganciclovir) or foscarnet is indicated in patients with 
refractory cytomegalovirus infection, by increasing viral 
load or the development of resistance. Cidofovir is 
usually used as a third-line therapy because of its renal 
toxicity.121–123 The combination of ganciclovir and foscarnet 
was studied in HSCT recipients, but showed increased 
side effects and no improvement in efficacy compared 
with ganciclovir alone.124,125 Maribavir is under inves-​
tigation as a treatment for resistant or refractory 
cytomegalovirus infection.126 A small amount of data exist 
for letermovir and brincidofovir. As such, no reco-​
mmendations can be given for maribavir, letermovir, and 
brincidofovir. Case reports have been published of 
treatment with leflunomide or artesunate in patients for 
whom other antiviral therapies were unsuccessful, with 
varying results.127–131

Recommendations regarding second-line pre-emptive 
therapy
The alternative drugs of ganciclovir (or valganciclovir) and 
foscarnet can be considered for second-line pre-emptive therapy 
(grade AIIu). Cidofovir can be considered for second-line or 
third-line pre-emptive therapy (5 mg/kg per week)121,122 but 
careful monitoring of renal function is required (grade BIIu). 
The combination of ganciclovir and foscarnet at half doses 
might be considered for second-line or third-line pre-emptive 
therapy (grade CIIu).124,125 For all second-line and third-line 
therapies, immunosuppression should be reduced if possible 
(grade BIII). Leflunomide or artesunate can be considered in 
patients resistant or refractory to other second-line and third-
line antiviral drugs (grade CIII). The addition of intravenous 
immunoglobulin to second-line or third-line treatment is not 
recommended (grade DIII).

Treatment of cytomegalovirus disease
Historically, the standard therapy for cytomegalovirus 
pneumonia, although never formally studied in controlled 
trials, has been a combination of intravenous ganciclovir 
and high-dose intravenous immunoglobulin.132–134 
Addition of granulocyte colony-stimulating factor can be 
considered to allow prolonged ganciclovir therapy. A large 
retro-​spective analysis in 2015 did not find a positive effect 
of regular or cytomegalovirus-specific immunoglobulin 
on outcome and its use remains controversial;44  no data 
support any advantage with cytomegalovirus-specific 
immunoglobulin over standard immunoglobulin. The 
addition of immunoglobulin for the treatment of mani-​
festations of cytomegalovirus disease other than pneu-​
monia is not recommended.135

Either foscarnet, cidofovir, or the combination of 
intravenous ganciclovir and foscarnet, each given at 
full dose, might be used as a second-line therapy for 

cytomegalovirus disease. Promising phase 2 data exist for 
the use of maribavir for resistant or refractory 
cytomegalovirus disease126 and a phase 3 study is ongoing 
(NCT02931539). No data exist to support letermovir or 
brincidofovir as treatments for cytomegalovirus disease, 
and thus no recommendations can be given for these 
drugs.

Recommendations for the treatment of 
cytomegalovirus disease
Antiviral therapy with intravenous ganciclovir is recommended 
for cytomegalovirus disease (grade AIIu); however, foscarnet 
might be used instead of ganciclovir if ganciclovir can’t be given 
because of toxic effects or antiviral resistance (grade AIII). 
The addition of immunoglobulin or hyperimmune globulin to 
antiviral therapy can be considered for the treatment of 
cytomegalovirus pneumonia (grade CIII). Cidofovir or the 
combination of foscarnet and ganciclovir at full doses can be 
used as a second-line or third-line therapy for cytomegalovirus 
disease (grade BIIu). For cytomegalovirus disease manifes-​
tations other than pneumonia, either intravenous ganciclovir, 
valganciclovir, or foscarnet given without addition of 
immunoglobulin or hyperimmune globulin is recommended 
(grade BIIu). Intravitreal injections of ganciclovir or foscarnet 
can be used for the treatment of cytomegalovirus retinitis 
combined with systemic therapy (grade BIIt). Valganciclovir 
can be used in place of intravenous ganciclovir or foscarnet 
(except in patients with severe gastrointestinal GvHD; grade 
BIII). Cidofovir or the combination of intravenous ganciclovir 
and foscarnet can be used as second-line or third-line therapies 
for cytomegalovirus disease (grade BIIu). All doses (appendix) 
need to be adapted to the patient’s renal function.

Antiviral resistance
Resistance to antiviral drugs is infrequent in HSCT 
recipients,136,137 and usually does not emerge until after 
several weeks of therapy. Rising cytomegalovirus 
antigenaemia or DNA load, or progression of cyto-​
megalovirus disease symptoms might indicate clinical 
or viral resistance.138 Clinical resistance depends on host 
factors, whereas viral resistance is due to mutations in 
the viral genome. The frequency of antiviral resistance 
varies between 0% and 10% between different patient 
populations (depending on variables such as transplant 
type, age, used regimens, and risk factors), with the 
highest frequency found in ex-vivo T-cell depleted 
allogeneic HSCT recipients.10,30

The presence of antiviral resistance is established by 
genotypic assays. DNA sequencing can be used to 
screen for the most common mutations. Ganciclovir 
resistance mutations are usually found in the human 
cytomegalovirus gene UL97 but can also be found in 
gene UL54. Foscarnet and cidofovir resistance is 
mediated through mutations in UL54. Development of 
double and triple resistant strains is rare but does 
occur. Letermovir resistance is most commonly 
mediated through mutations in UL56.138 No consensus 
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is available on when cytomegalovirus antiviral 
resistance should be suspected and testing done. The 
current recommended definitions are:138 patients are 
refractory when the blood or plasma viral load increases 
by more than 1 log₁₀ after at least 2 weeks of appropriate 
antiviral therapy; patients are probably refractory when 
the viral load persists but does not increase by more 
than 1 log₁₀ after at least 2 weeks of appropriate antiviral 
therapy; and patients are resistant when symptoms of 
cytomegalovirus disease worsen after at least 2 weeks of 
appropriate antiviral therapy. However, the viral load 
might be substantially higher if the start of antiviral 
therapy is delayed by at least 3 days after taking the 
index sample. In such cases, a new sample should be 
obtained.

Cytomegalovirus immunotherapy
Several studies have aimed to prevent or treat 
cytomegalovirus infection and disease by the transfer of 
cytomegalovirus-specific T cells.83,139–143 For these 
transfers, the cytomegalovirus-specific T-cell lines and 
clones were mostly derived from the stem cell donor, 
but in some studies also from a third party donor or 
from the patient’s own cytomegalovirus-specific T cells 
obtained before HSCT. Although some studies show 
efficacy of third party T cells, a 2017 trial showed that the 
cytomegalovirus-specific CD8 T cells selected by 
streptamer staining persisted only transiently.144 
Cytomegalovirus-specific T-cell clones can be produced 
from peripheral blood mononuclear cells and 
repetitively stimulated with cytomegalovirus-infected 
fibroblasts or other cyto-​megalovirus-antigen presenting 
cells.83,140,145 However, during long-term culture, the 
antigen-specific T cells lose their proliferative capacity 
and persist only for small amounts of time after in-vivo 
transfer. Therefore, the success of these strategies has 
been low.140 Techniques such as the cytokine capture 
assay and the tetramer, pentamer, and streptamer assays 
have been applied to generate cytomegalovirus-specific 
T cells. The transfer of such cells can reconstitute virus-
specific T-cell immunity and successful transfer has 
been reported with as few as 1 × 10³ cytomegalovirus-
specific T cells per kg.146 When given therapeutically to 
patients with refractory cytomegalovirus infection, viral 
load decreased after an increase in the number of 
cytomegalovirus-specific T cells.146–148 High-dose steroids 
(>1 mg prednisolone per kg) might interfere with 
cytomegalovirus-directed cytotoxic T-cell function and 
potentially interfere with the efficacy of adoptive T-cell 
therapy.

The cytokine catch and streptamer assays allow the 
selection of not only cytomegalovirus-specific T cells but 
also multipathogen-specific or even multiantigen-specific 
T cells.149 Trials are ongoing (NCT02108522 and  
NCT02510417) to study the transfer of these multiantigen-
specific T cells following T-cell depleted HSCT to build 
on results from initial studies.142,149

Recommendation for immunotherapy of 
cytomegalovirus infection and disease
Adoptive T-cell therapy can be considered in patients with 
refractory cytomegalovirus infection post-transplant 
(grade BIIu).

Cytomegalovirus infections in autologous HSCT 
recipients and in patients with haematological 
malignancies
Autologous HSCT recipients show similar frequencies 
of cytomegalovirus infections (30–50% in seropositive 
individuals)150–152 as patients receiving an allogeneic 
HSCT, but have lower cyto​megalovirus disease incidence 
and  frequency (<1%). In some situations, the risk of 
cytomegalovirus reactivation seems to be increased, for 
example in CD34-selected patients and patients receiving 
high-dose antithymocyte globulin for the treatment of 
autoimmune disease.153

Recommendations for management of 
cytomegalovirus infection and disease after autologous 
HSCT
For standard autologous HSCT recipients, routine monitoring 
and pre-emptive therapy is not recommended (grade DIIu). 
High-risk patients receiving autologous HSCT, such as 
patients with autoimmune disease with CD34 selection or 
receiving antithymocyte globulin, might benefit from 
monitoring and the use of pre-emptive therapy (grade CIIu).

Other patients
Cytomegalovirus serological status has an important effect 
on the incidence of cytomegalovirus infection also in non-
transplant patients with haematological malignancies. In 
an epidemiological analysis, cytomegalovirus-seronegative 
patients had a frequency of pp65 antigenaemia of 
2·5% compared with 14·3% in seropositive patients.154 
The non-HSCT patient groups most at risk of 
developing cytomegalovirus-associated complications are 
patients with lymphoid malignancies, patients receiving 
T-cell suppressive therapy with purine analogues, and 
patients receiving alemtuzumab.155–158 Cytomegalovirus 
infection and end-organ disease were also frequent in 
patients receiving hyperfractionated cyclophosphamide, 
vincristine, doxorubicin, and dexamethasone (occurring in 
about 10% of these patients).159,160

Several drugs recently introduced into clinical practice 
have been associated with symptomatic cytomegalovirus 
infection and rare cases of cytomegalovirus disease. 
Idelalisib is a selective competitor inhibitor of adenosine-
5´-triphosphate in the phospho-​inositide 3-kinase/Akt 
pathway. Interim results of a phase 3 study comparing 
idelalisib or placebo in combination with bendamustine 
and rituximab in relapsed or refractory chronic lympho-​
cytic leukaemia showed cytomegalovirus infection and 
disease in 13 of 207 patients (6%) in the idelalisib group, 
compared with three of 209 patients (1%) in the placebo 
group.161 The UK Medicines and Healthcare products 
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Regulatory Agency recommends that patients receiving 
idelalisib are monitored regularly for clinical and labo-​
ratory signs of cytomegalovirus infection.162 Symptomatic 
cytomegalovirus infection has also been reported 
occasionally in patients treated with other new drugs 
including dasatinib, ibrutinib, brentuximab vedotin, and 
daratumumab. More data are needed to assess these 
infection risks and no recommendations relating to 
management strategies with these new drugs can be 
made. An increasing amount of data also highlights 
cytomegalovirus as an important pathogen in patients 
managed in intensive care units, and therefore testing for 
cytomegalovirus should be considered in patients with 
haematological malignancies requiring intensive care 
with unexplained fever or with symptoms compatible with 
cytomegalovirus disease.163

Recommendations for patients treated with 
alemtuzumab
Monitoring of and antiviral treatment for patients testing 
positive for cytomegalovirus and showing symptoms compatible 
with a cytomegalovirus infection is one management option in 
patients receiving alemtuzumab (grade BIIu). Regular 
monitoring is recommended during the period of maximum 
immunosuppression (grade BIIu). Treating asymptomatic 
patients is not mandatory but careful clinical observation of 
patients with documented cytomegalovirus reactivation is 
necessary (grade BIIu). Withholding alemtuzumab is not 
considered necessary, unless symptoms persist (grade BIII).

Recommendations for patients treated with idelalisib
A cytomegalovirus management strategy is recommended for 
patients receiving idelalisib (grade BIIu). For patients 
who are cytomegalovirus seronegative, leucocyte-depleted or 
cytomegalovirus-seronegative blood products should be given 
(grade BIII). For patients with symptoms compatible with 
cytomegalovirus infection, testing for cytomegalovirus should 
be considered (grade BIIt); antiviral therapy with ganciclovir 
or valganciclovir should be given to symptomatic patients 
(grade BIIt). For patients who are cytomegalovirus 
seropositive, PCR monitoring of cytomegalovirus could be 
considered (grade CIII). Pre-emptive  cytomegalovirus 
therapy could be considered (grade CIII). In cases with 
clinical signs consistent with cytomegalovirus infection, 
stopping idelalisib should be considered until symptoms 
resolve (grade BIII).

Recommendations for other patients with 
haematological malignancies
Routine anticytomegalovirus prophylaxis is not reco-​
mmended (grade DIII). Routine monitoring and pre-emptive 
therapy are not considered necessary (grade DIII).

Conclusion
Cytomegalovirus is a major pathogen in patients with 
haematological malignancies, especially after allogeneic 
HSCT. New methods of transplantation pose challenges 

in determining optimal management strategies for 
cytomegalovirus infection and disease. New diagnostic 
techniques including monitoring of the cytomegalovirus-
specific immune response need further study. Recently, 
letermovir, given as prophylaxis, was shown to reduce 
the risk of clinically significant cytomegalovirus 
infection. The treatment of resistant or refractory cyto-​
megalovirus infection and disease remains to be a major 
therapeutic challenge.
Contributors
All authors participated in the literature review, production of 
recommendations, and writing and revision of the manuscript. 

2017 European Conference on Infections in Leukaemia (ECIL 7) group 
Austria Hildegard Greinix. Australia Monica Slavin. Belgium 
Julien De Greef, Johan Maertens. Czech Republic Petr Hubacek, 
Zdenek Racil. Denmark Jens Lundgren. France Anne Bergeron, 
Catherine Cordonnier, Roberta Di Blasi, Raoul Herbrecht, 
Olivier Lortholary, Christine Robin, Anne Thiebaut . Germany 
Hermann Einsele, Thomas Lehrnbecher, Georg Maschmeyer, 
Sibylle Mellinghoff, Olaf Penack. Greece Emmanuel Roilides. Hungary 
Csaba Kassa. Israel Diana Averbuch. Italy Alessandro Busca, 
Simone Cesaro, Roberto Crocchiolo, Giuseppe Gallo, 
Malgorzata Mikulska, Anna Maria Nosari, Livio Pagano, Claudio Viscoli. 
Netherlands Nicole Blijlevens, Peter Donnelly. Poland Sylwia Koltan, 
Jan Styczynski. Portugal Aida Botelho de Sousa. Russia Galina Klyasova. 
Saudi Arabia Mahmoud Aljurf. Slovakia Lubos Drgona. Spain 
Rafael de la Camara, Rafael Duarte, Rodrigo Martino, David Navarro, 
Montserrat Rovira. Sweden Sigrun Einarsdottir, Per Ljungman, 
Karlis Paukssen, Christine Wenneras. Switzerland Thierry Calandra. 
Turkey Murat Akova. UK Hugues de Lavallade, Katherine N Ward. 
USA Joshua A Hill. Representatives of companies supporting ECIL: 
Laurence Dubel (Astellas); Liz Mills (Clinigen); Markus Rupp (MSD); 
Sonia Sanchez (Gilead); and Stefan Zeitler (Basilea).

Declaration of interests
PL reports personal fees from AiCuris and grants from Merck, Shire, 
Oxford Immunotech, and Astellas, outside of the submitted 
work. RdlC reports personal fees from Astellas, Clinigen, Janssen, 
Merck Sharp & Dohme, and Novartis, outside of the submitted work. 
CR reports personal fees and non-financial support from Merck Sharp & 
Dohme, outside of the submitted work. RC has been employee of 
MolMed. HE reports grants from Merck and Astellas, during the 
conduct of the Review. JAH reports grants from the US National 
Institute of Allergy and Infectious Diseases, during the conduct of the 
study; and grants and personal fees from Chimerix and Nohla 
Therapeutics, grants from Shire, the HHV-6 Foundation, and the US 
National Institute of Allergy and Infectious Diseases, and non-financial 
support from Juno Therapeutics, outside of the submitted work. 
PH reports grants and personal fees from the Ministry of Health of the 
Czech Republic, personal fees and non-financial support from Clinigen, 
and personal fees from Merck Sharp & Dohme, during the conduct of 
the study. DN reports grants and personal fees from Abbott Diagnostics 
and personal fees from Roche Diagnostics and Merck Sharp & Dohme, 
during the conduct of the study. CC reports grants, personal fees, and 
non-financial support from Merck Sharpe & Dohme, personal fees from 
Chimerix, and grants from Astellas and Shire, during the conduct of the 
study. KNW declares no competing interests. The 2017 ECIL meeting 
(Sept 21–23, 2017) was supported by unrestricted grants from 
Astellas, Basilea Pharmaceutica, Chimerix, Clinigen, Gilead Sciences, 
Merck Sharp & Dohme, Pfizer, and Shire. None of these pharmaceutical 
companies had a role in the selection of experts and the scope and 
purpose of the guidelines, nor in the collection, analysis, and 
interpretation of the data and editing of the guidelines.

References
1	 Boeckh M, Nichols WG. The impact of cytomegalovirus serostatus 

of donor and recipient before hematopoietic stem cell 
transplantation in the era of antiviral prophylaxis and preemptive 
therapy. Blood 2004; 103: 2003–08.



www.thelancet.com/infection   Vol 19   August 2019	 e268

Review

2	 Teira P, Battiwalla M, Ramanathan M, et al. Early cytomegalovirus 
reactivation remains associated with increased transplant-related 
mortality in the current era: a CIBMTR analysis. Blood 2016; 
127: 2427–38.

3	 Green ML, Leisenring W, Xie H, et al. Cytomegalovirus viral load 
and mortality after haemopoietic stem cell transplantation in the 
era of pre-emptive therapy: a retrospective cohort study. 
Lancet Haematol 2016; 3: e119–27.

4	 Ullman AJ, Cornel OA, Donnelly JP, et al. ESCMID guideline for 
the diagnosis and management of Candida diseases 2012: 
developing European guidelines in clinical microbiology and 
infectious diseases. Clin Microbiol Infect 2012; 18: 1-8.

5	 Ljungman P, Boeckh M, Hirsch HH, et al. Definitions of 
cytomegalovirus infection and disease in transplant patients for 
use in clinical trials. Clin Infect Dis 2017; 64: 87–91.

6	 Boeckh M, Stevens-Ayers T, Travi G, et al. Cytomegalovirus 
(CMV) DNA quantitation in bronchoalveolar lavage fluid from 
hematopoietic stem cell transplant recipients with CMV 
pneumonia. J Infect Dis 2017; 215: 1514–22

7	 Marty FM, Ljungman P, Papanicolaou GA, et al. 
Maribavir prophylaxis for prevention of cytomegalovirus disease 
in recipients of allogeneic stem-cell transplants: a phase 3, 
double-blind, placebo-controlled, randomised trial. Lancet Infect Dis 
2011; 11: 284–92.

8	 Marty FM, Winston DJ, Rowley SD, et al. CMX001 to prevent 
cytomegalovirus disease in hematopoietic-cell transplantation. 
N Engl J Med 2013; 369: 1227–36.

9	 Chemaly RF, Ullmann AJ, Stoelben S, et al. Letermovir for 
cytomegalovirus prophylaxis in hematopoietic-cell transplantation. 
N Engl J Med 2014; 370: 1781–89.

10	 Boeckh M, Nichols WG, Chemaly RF, et al. Valganciclovir for the 
prevention of complications of late cytomegalovirus infection after 
allogeneic hematopoietic cell transplantation: a randomized trial. 
Ann Intern Med 2015; 162: 1–10.

11	 Marty FM, Ljungman P, Chemaly RF, et al. Letermovir prophylaxis 
for cytomegalovirus in hematopoietic-cell transplantation. 
N Engl J Med 2017; 377: 2433–44.

12	 Gooley T, Chien J, Pergam S, et al. Reduced mortality after 
allogeneic hematopoietic-cell transplantation. N Engl J Med 2010; 
363: 2091–101.

13	 Raiola AM, Dominietto A, di Grazia C, et al. Unmanipulated 
haploidentical transplants compared with other alternative donors 
and matched sibling grafts. Biol Blood Marrow Transplant 2014; 
20: 1573–79.

14	 Ciurea SO, Mulanovich V, Saliba RM, et al. Improved early 
outcomes using a T cell replete graft compared with T cell depleted 
haploidentical hematopoietic stem cell transplantation. 
Biol Blood Marrow Transplant 2012; 18: 1835–44.

15	 Dufort G, Castillo L, Pisano S, et al. Haploidentical hematopoietic 
stem cell transplantation in children with high-risk hematologic 
malignancies: outcomes with two different strategies for GvHD 
prevention. Ex vivo T-cell depletion and post-transplant 
cyclophosphamide: 10 years of experience at a single center. 
Bone Marrow Transplant 2016; 51: 1354–60.

16	 Tischer J, Engel N, Fritsch S, et al. Virus infection in 
HLA-haploidentical hematopoietic stem cell transplantation: 
incidence in the context of immune recovery in two different 
transplantation settings. Ann Hematol 2015; 94: 1677–88.

17	 Marty FM, Bryar J, Browne SK, et al. Sirolimus-based 
graft-versus-host disease prophylaxis protects against 
cytomegalovirus reactivation after allogeneic hematopoietic stem 
cell transplantation: a cohort analysis. Blood 2007; 110: 490–500.

18	 Sauter C, Abboud M, Jia X, et al. Serious infection risk and immune 
recovery after double-unit cord blood transplantation without 
antithymocyte globulin. Biol Blood Marrow Transplant 2011; 
17: 1460–71.

19	 Brown JA, Stevenson K, Kim HT, et al. Clearance of CMV viremia 
and survival after double umbilical cord blood transplantation in 
adults depends on reconstitution of thymopoiesis. Blood 2010; 
115: 4111–19.

20	 Takami A, Mochizuki K, Asakura H, Yamazaki H, Okumura H, 
Nakao S. High incidence of cytomegalovirus reactivation in adult 
recipients of an unrelated cord blood transplant. Haematologica 
2005; 90: 1290–92.

21	 Beck JC, Wagner JE, DeFor TE, et al. Impact of cytomegalovirus 
(CMV) reactivation after umbilical cord blood transplantation. 
Biol Blood Marrow Transplant 2010; 16: 215–22.

22	 Tomonari A, Takahashi S, Ooi J, et al. Impact of cytomegalovirus 
serostatus on outcome of unrelated cord blood transplantation for 
adults: a single-institute experience in Japan. Eur J Haematol 2008; 
80: 251–57.

23	 Walker CM, van Burik JA, DeFor TE, Weisdorf DJ. Cytomegalovirus 
infection after allogeneic transplantation: comparison of cord blood 
with peripheral blood and marrow graft sources. 
Biol Blood Marrow Transplant 2007; 13: 1106–15.

24	 Milano F, Pergam SA, Xie H, et al. Intensive strategy to prevent 
CMV disease in seropositive umbilical cord blood transplant 
recipients. Blood 2011; 118: 5689–96.

25	 Diaz MA, Perez-Martinez A, Herrero B, et al. Prognostic factors and 
outcomes for pediatric patients receiving an haploidentical relative 
allogeneic transplant using CD3/CD19-depleted grafts. 
Bone Marrow Transplant 2016; 51: 1211–16.

26	 Li Pira G, Malaspina D, Girolami E, et al. Selective depletion of 
alphabeta T cells and B cells for human leukocyte 
antigen-haploidentical hematopoietic stem cell transplantation. 
A three-year follow-up of procedure efficiency. 
Biol Blood Marrow Transplant 2016; 22: 2056–64.

27	 Aversa F. T-cell depletion: from positive selection to negative 
depletion in adult patients. Bone Marrow Transplant 2015; 
50 (suppl 2): S11–3.

28	 Aversa F, Terenzi A, Tabilio A, et al. Full haplotype-mismatched 
hematopoietic stem-cell transplantation: a phase II study in patients 
with acute leukemia at high risk of relapse. J Clin Oncol 2005; 
23: 3447–54.

29	 Ciceri F, Labopin M, Aversa F, et al. A survey of fully haploidentical 
hematopoietic stem cell transplantation in adults with high-risk 
acute leukemia: a risk factor analysis of outcomes for patients in 
remission at transplantation. Blood 2008; 112: 3574–81.

30	 Shmueli E, Or R, Shapira MY, et al. High rate of cytomegalovirus 
drug resistance among patients receiving preemptive antiviral 
treatment after haploidentical stem cell transplantation. J Infect Dis 
2014; 209: 557–61.

31	 Locatelli F, Merli P, Pagliara D, et al. Outcome of children with 
acute leukemia given HLA-haploidentical HSCT after alphabeta 
T-cell and B-cell depletion. Blood 2017; 130: 677–85.

32	 Luznik L, O’Donnell PV, Symons HJ, et al. HLA-haploidentical 
bone marrow transplantation for hematologic malignancies using 
nonmyeloablative conditioning and high-dose, posttransplantation 
cyclophosphamide. Biol Blood Marrow Transplant 2008; 14: 641–50.

33	 Crocchiolo R, Castagna L, Furst S, et al. The patient’s CMV 
serological status affects clinical outcome after T-cell replete 
haplo-HSCT and post-transplant cyclophosphamide. 
Bone Marrow Transplant 2016; 51: 1134–36.

34	 Raj RV, Hari P, Pasquini M, et al. Impact of haploidentical 
hematopoietic cell transplantation conditioning intensity on the 
incidence and severity of post-transplantation viral infections. 
Bone Marrow Transplant 2016; 51: 1602–04.

35	 Baker M, Wang H, Rowley SD, et al. Comparative outcomes after 
haploidentical or unrelated donor bone marrow or blood stem cell 
transplantation in adult patients with hematological malignancies. 
Biol Blood Marrow Transplant 2016; 22: 2047–55.

36	 Gaballa S, Ge I, El Fakih R, et al. Results of a 2-arm, phase 2 
clinical trial using post-transplantation cyclophosphamide for the 
prevention of graft-versus-host disease in haploidentical donor and 
mismatched unrelated donor hematopoietic stem cell 
transplantation. Cancer 2016; 122: 3316–26.

37	 Gayoso J, Balsalobre P, Pascual MJ, et al. Busulfan-based reduced 
intensity conditioning regimens for haploidentical transplantation 
in relapsed/refractory Hodgkin lymphoma: Spanish multicenter 
experience. Bone Marrow Transplant 2016; 51: 1307–12.

38	 Goldsmith SR, Slade M, DiPersio JF, et al. Cytomegalovirus 
viremia, disease, and impact on relapse in T-cell replete peripheral 
blood haploidentical hematopoietic cell transplantation with 
post-transplant cyclophosphamide. Haematologica 2016; 
101: e465–68.

39	 Slade M, Goldsmith S, Romee R, et al. Epidemiology of infections 
following haploidentical peripheral blood hematopoietic cell 
transplantation. Transpl Infect Dis 2017; 19: e12629.



e269	 www.thelancet.com/infection   Vol 19   August 2019

Review

40	 Di Stasi A, Milton DR, Poon LM, et al. Similar transplantation 
outcomes for acute myeloid leukemia and myelodysplastic 
syndrome patients with haploidentical versus 10/10 human leukocyte 
antigen-matched unrelated and related donors. 
Biol Blood Marrow Transplant 2014; 20: 1975–81.

41	 Boeckh M, Ljungman P. How we treat cytomegalovirus in 
hematopoietic cell transplant recipients. Blood 2009; 113: 5711–19.

42	 Green ML, Leisenring W, Stachel D, et al. Efficacy of a viral load-based, 
risk-adapted, preemptive treatment strategy for prevention of 
cytomegalovirus disease after hematopoietic cell transplantation. 
Biol Blood Marrow Transplant 2012; 18: 1887–99.

43	 Jang EY, Park SY, Lee EJ, et al. Diagnostic performance of the 
cytomegalovirus (CMV) antigenemia assay in patients with CMV 
gastrointestinal disease. Clin Infect Dis 2009; 48: e121–24.

44	 Erard V, Guthrie KA, Seo S, et al. Reduced mortality of 
cytomegalovirus pneumonia after hematopoietic cell transplantation 
due to antiviral therapy and changes in transplantation practices. 
Clin Infect Dis 2015; 61: 31–39.

45	 Schmidt-Hieber M, Labopin M, Beelen D, et al. CMV serostatus still 
has an important prognostic impact in de novo acute leukemia 
patients after allogeneic stem cell transplantation: a report from the 
Acute Leukemia Working Party of EBMT. Blood 2013; 122: 3359–64.

46	 Nichols WG, Corey L, Gooley T, Davis C, Boeckh M. High risk of 
death due to bacterial and fungal infection among cytomegalovirus 
(CMV)-seronegative recipients of stem cell transplants from 
seropositive donors: evidence for indirect effects of primary 
CMV infection. J Infect Dis 2002; 185: 273–82.

47	 Ljungman P, Brand R, Hoek J, et al. Donor cytomegalovirus status 
influences the outcome of allogeneic stem cell transplant: a study by 
the European group for blood and marrow transplantation. 
Clin Infect Dis 2014; 59: 473–81.

48	 Zhou W, Longmate J, Lacey SF, et al. Impact of donor CMV status on 
viral infection and reconstitution of multifunction CMV-specific 
T cells in CMV-positive transplant recipients. Blood 2009; 113: 6465–76.

49	 Avetisyan G, Aschan J, Hagglund H, Ringden O, Ljungman P. 
Evaluation of intervention strategy based on CMV-specific immune 
responses after allogeneic SCT. Bone Marrow Transplant 2007; 
40: 865–69.

50	 Ganepola S, Gentilini C, Hilbers U, et al. Patients at high risk for 
CMV infection and disease show delayed CD8+ T-cell immune 
recovery after allogeneic stem cell transplantation. 
Bone Marrow Transplant 2007; 39: 293–99.

51	 Gor D, Sabin C, Prentice HG, et al. Longitudinal fluctuations in 
cytomegalovirus load in bone marrow transplant patients: relationship 
between peak virus load, donor/recipient serostatus, acute GVHD and 
CMV disease. Bone Marrow Transplant 1998; 21: 597–605.

52	 Ozdemir E, Saliba RM, Champlin RE, et al. Risk factors associated 
with late cytomegalovirus reactivation after allogeneic stem cell 
transplantation for hematological malignancies. 
Bone Marrow Transplant 2007; 40: 125–36.

53	 Ljungman P, Perez-Bercoff L, Jonsson J, et al. Risk factors for the 
development of cytomegalovirus disease after allogeneic stem cell 
transplantation. Haematologica 2006; 91: 78–83.

54	 D’Souza A, Zhu X. Current uses and outcomes of hematopoietic cell 
transplantation (HCT): CIBMTR summary slides, 2016 Milwaukee, 
WI: Center for International Blood and Marrow Transplant Research, 
2016.

55	 Nemeckova S, Sroller V, Stastna-Markova M. Evolution of human 
cytomegalovirus-seronegative donor/-seropositive recipient high-risk 
combination frequency in allogeneic hematopoietic stem cell 
transplantations at Institute of Hematology and Blood Transfusion 
during 1995–2014. Transpl Infect Dis 2016; 18: 297–301.

56	 McCurdy SR, Kanakry JA, Showel MM, et al. Risk-stratified outcomes 
of nonmyeloablative HLA-haploidentical BMT with high-dose 
posttransplantation cyclophosphamide. Blood 2015; 125: 3024–31.

57	 Ciurea SO, Zhang MJ, Bacigalupo AA, et al. Haploidentical transplant 
with posttransplant cyclophosphamide vs matched unrelated donor 
transplant for acute myeloid leukemia. Blood 2015; 126: 1033–40.

58	 Bashey A, Zhang X, Jackson K, et al. Comparison of outcomes of 
hematopoietic cell transplants from T-replete haploidentical donors 
using post-transplantation cyclophosphamide with 10 of 10 HLA-A, -B, 
-C, -DRB1, and -DQB1 allele-matched unrelated donors and 
HLA-identical sibling donors: a multivariable analysis including 
disease risk index. Biol Blood Marrow Transplant 2016; 22: 125–33.

59	 Bachegowda LS, Saliba RM, Ramlal R, et al. Predictive model for 
survival in patients with AML/MDS receiving haploidentical stem 
cell transplantation. Blood 2017; 129: 3031–33.

60	 Lorentino F, Labopin M, Fleischhauer K, et al. The impact of HLA 
matching on outcomes of unmanipulated haploidentical HSCT is 
modulated by GVHD prophylaxis. Blood Adv 2017; 1: 669–80.

61	 Cesaro S, Crocchiolo R, Tridello G, et al. comparable survival using 
a CMV-matched or a mismatched donor for CMV+ patients 
undergoing T-replete haplo-HSCT with PT-Cy for acute leukemia: 
a study of behalf of the infectious diseases and acute leukemia 
working parties of the EBMT. Bone Marrow Transplant 2018; 
53: 422–30.

62	 Ramanathan M, Teira P, Battiwalla M, et al. Impact of early CMV 
reactivation in cord blood stem cell recipients in the current era. 
Bone Marrow Transplant 2016; 51: 1113–20.

63	 Lönnqvist B, Ringdén O, Ljungman P, Wahren B, Gahrton G. 
Reduced risk of recurrent leukaemia in bone marrow transplant 
recipients after cytomegalovirus infection. Br J Haematol 1986; 
63: 671–79.

64	 Elmaagacli AH, Steckel NK, Koldehoff M, et al. Early human 
cytomegalovirus replication after transplantation is associated with 
a decreased relapse risk: evidence for a putative 
virus-versus-leukemia effect in acute myeloid leukemia patients. 
Blood 2011; 118: 1402–12.

65	 Green ML, Leisenring WM, Xie H, et al. CMV reactivation after 
allogeneic HCT and relapse risk: evidence for early protection in 
acute myeloid leukemia. Blood 2013; 122: 1316–24.

66	 Ito S, Pophali P, Co W, et al. CMV reactivation is associated with a 
lower incidence of relapse after allo-SCT for CML. 
Bone Marrow Transplant 2013; 48: 1313–16.

67	 Takenaka K, Nishida T, Asano-Mori Y, et al. Cytomegalovirus 
reactivation after allogeneic hematopoietic stem cell transplantation 
is associated with a reduced risk of relapse in patients with acute 
myeloid leukemia who survived to day 100 after transplantation: 
the Japan Society for Hematopoietic Cell Transplantation 
Transplantation-related Complication Working Group. 
Biol Blood Marrow Transplant 2015; 21: 2008–16.

68	 Jeljeli M, Guerin-El Khourouj V, Porcher R, et al. Relationship 
between cytomegalovirus (cytomegalovirus) reactivation, 
cytomegalovirus-driven immunity, overall immune recovery and 
graft-versus-leukaemia effect in children. Br J Haematol 2014; 
166: 229–39.

69	 Pang XL, Fox JD, Fenton JM, Miller GG, Caliendo AM, 
Preiksaitis JK. Interlaboratory comparison of cytomegalovirus viral 
load assays. Am J Transplant 2009; 9: 258–68.

70	 Hayden RT, Yan X, Wick MT, et al. Factors contributing to variability 
of quantitative viral PCR results in proficiency testing samples: 
a multivariate analysis. J Clin Microbiol 2012; 50: 337–45.

71	 Caliendo AM. The long road toward standardization of viral load 
testing for cytomegalovirus. Clin Infect Dis 2013; 56: 374–75.

72	 Bravo D, Clari MA, Costa E, et al. Comparative evaluation of 
three automated systems for DNA extraction in conjunction with 
three commercially available real-time PCR assays for quantitation 
of plasma cytomegalovirus DNAemia in allogeneic stem cell 
transplant recipients. J Clin Microbiol 2011; 49: 2899–904.

73	 Babady NE, Cheng C, Cumberbatch E, Stiles J, Papanicolaou G, 
Tang YW. Monitoring of cytomegalovirus viral loads by 
two molecular assays in whole-blood and plasma samples from 
hematopoietic stem cell transplant recipients. J Clin Microbiol 2015; 
53: 1252–57.

74	 Fryer JF, Heath AB, Minor PD. A collaborative study to establish the 
1st WHO International Standard for human cytomegalovirus for 
nucleic acid amplification technology. Biologicals 2016; 44: 242–51.

75	 Preiksaitis JK, Hayden RT, Tong Y, et al. Are we there yet? Impact of 
the first International Standard for cytomegalovirus DNA on the 
harmonization of results reported on plasma samples. 
Clin Infect Dis 2016; 63: 583–89.

76	 Hirsch HH, Lautenschlager I, Pinsky BA, et al. An international 
multicenter performance analysis of cytomegalovirus load tests. 
Clin Infect Dis 2013; 56: 367–73.

77	 Solano C, Gimenez E, Pinana JL, et al. Preemptive antiviral therapy 
for CMV infection in allogeneic stem cell transplant recipients 
guided by the viral doubling time in the blood. 
Bone Marrow Transplant 2016; 51: 718–21.



www.thelancet.com/infection   Vol 19   August 2019	 e270

Review

78	 Ljungman P. CMV infections after hematopoietic stem cell 
transplantation. Bone Marrow Transplant 2008; 
42 (suppl 1): S70–72.

79	 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: correlation with 
CMV disease and effect of ganciclovir prophylaxis. Blood 1994; 
83: 1971–79.

80	 Quinnan G, Kirmani N, Rook A, et al. Cytotoxic T-cells in 
cytomegalovirus infection; HLA-restricted T-lymphocyte and 
non-T-lymphocyte cytotoxic responses correlate with recovery from 
cytomegalovirus infection in bone-marrow-transplant recipients. 
N Eng J Med 1982; 307: 7–13.

81	 Reusser P, Riddell SR, Meyers JD, Greenberg PD. Cytotoxic 
T-lymphocyte response to cytomegalovirus after human allogeneic 
bone marrow transplantation: pattern of recovery and correlation 
with cytomegalovirus infection and disease. Blood 1991; 
78: 1373–80.

82	 Ozdemir E, St John LS, Gillespie G, et al. Cytomegalovirus 
reactivation following allogeneic stem cell transplantation is 
associated with the presence of dysfunctional antigen-specific CD8+ 
T cells. Blood 2002; 100: 3690–97.

83	 Einsele H, Roosnek E, Rufer N, et al. Infusion of cytomegalovirus 
(CMV)-specific T cells for the treatment of CMV infection not 
responding to antiviral chemotherapy. Blood 2002; 99: 3916–22.

84	 Solano C, Benet I, Remigia MJ, et al. Immunological monitoring 
for guidance of preemptive antiviral therapy for active 
cytomegalovirus infection in allogeneic stem-cell transplant 
recipients: a pilot experience. Transplantation 2011; 92: e17–20.

85	 Navarro D, Amat P, de la Camara R, et al. Efficacy and safety of a 
preemptive antiviral therapy strategy based on combined virological 
and immunological monitoring for active cytomegalovirus infection 
in allogeneic stem cell transplant recipients. Open Forum Infect Dis 
2016; 3: ofw107.

86	 El Haddad L, Ariza-Heredia E, Shah DP, et al. The ability of a 
cytomegalovirus ELISPOT assay to predict outcome of low-level 
CMV reactivation in hematopoietic cell transplant recipients. 
J Infect Dis 2018; 219: 898–907.

87	 Yong MK, Cameron PU, Slavin M, et al. Identifying 
cytomegalovirus complications using the Quantiferon-CMV assay 
after allogeneic hematopoietic stem cell transplantation. J Infect Dis 
2017; 215: 1684–94.

88	 Nichols WG, Price TH, Gooley T, Corey L, Boeckh M. 
Transfusion-transmitted cytomegalovirus infection after receipt of 
leukoreduced blood products. Blood 2003; 101: 4195–200.

89	 Ljungman P, Larsson K, Kumlien G, et al. Leukocyte depleted, 
unscreened blood products give a low risk for CMV infection and 
disease in CMV seronegative allogeneic stem cell transplant 
recipients with seronegative stem cell donors. Scand J Infect Dis 
2002; 34: 347–50.

90	 Mainou M, Alahdab F, Tobian AA, et al. Reducing the risk of 
transfusion-transmitted cytomegalovirus infection: a systematic 
review and meta-analysis. Transfusion 2016; 56: 1569–80.

91	 Aabb CTMC, Heddle NM, Boeckh M, et al. AABB Committee 
Report: reducing transfusion-transmitted cytomegalovirus 
infections. Transfusion 2016; 56: 1581–87.

92	 Prentice HG, Gluckman E, Powles RL, et al. Impact of long-term 
acyclovir on cytomegalovirus infection and survival after allogeneic 
bone marrow transplantation. Lancet 1994; 343: 749–53.

93	 Milano F, Pergam SA, Xie H, et al. Intensive strategy to prevent 
CMV disease in seropositive umbilical cord blood transplant 
recipients. Blood 2011; 118: 5689–96.

94	 Ljungman P, de La Camara R, Milpied N, et al. Randomized study 
of valacyclovir as prophylaxis against cytomegalovirus reactivation 
in recipients of allogeneic bone marrow transplants. Blood 2002; 
99: 3050–56.

95	 Winston DJ, Yeager AM, Chandrasekar PH, Snydman DR, 
Petersen FB, Territo MC. Randomized comparison of oral valacyclovir 
and intravenous ganciclovir for prevention of cytomegalovirus disease 
after allogeneic bone marrow transplantation. Clin Infect Dis 2003; 
36: 749–58.

96	 Winston DJ, Ho WG, Bartoni K, et al. Ganciclovir prophylaxis of 
cytomegalovirus infection and disease in allogeneic bone marrow 
transplant recipients. Results of a placebo-controlled, double-blind 
trial. Ann Intern Med 1993; 118: 179–84.

97	 Goodrich JM, Bowden RA, Fisher L, Keller C, Schoch G, Meyers JD. 
Ganciclovir prophylaxis to prevent cytomegalovirus disease after 
allogeneic marrow transplant. Ann Intern Med 1993; 118: 173–78.

98	 Montesinos P, Sanz J, Cantero S, et al. Incidence, risk factors, and 
outcome of cytomegalovirus infection and disease in patients 
receiving prophylaxis with oral valganciclovir or intravenous 
ganciclovir after umbilical cord blood transplantation. Biol Blood 
Marrow Transplant 2009; 15: 730–40.

99	 Boeckh M, Nichols WG, Chemaly RF, et al. Valganciclovir for the 
prevention of complications of late cytomegalovirus infection after 
allogeneic hematopoietic cell transplantation: a randomized trial. 
Ann Intern Med 2015; 162: 1–10.

100	 Ordemann R, Naumann R, Geissler G, et al. Foscarnet–an 
alternative for cytomegalovirus prophylaxis after allogeneic stem 
cell transplantation? Ann Hematol 2000; 79: 432–36.

101	 Bregante S, Bertilson S, Tedone E, et al. Foscarnet prophylaxis of 
cytomegalovirus infections in patients undergoing allogeneic bone 
marrow transplantation (BMT): a dose-finding study. Bone Marrow 
Transplant 2000; 26: 23–29.

102	 Marty FM, Ljungman P, Chemaly RF, et al. Letermovir prophylaxis 
for cytomegalovirus in hematopoietic-cell transplantation. 
N Engl J Med 2017; 377: 2433–44.

103	 Prentice HG, Gluckman E, Powles RL, et al. Impact of long-term 
acyclovir on cytomegalovirus infection and survival after allogeneic 
bone marrow transplantation. Lancet 1994; 343: 749–53.

104	 Ljungman P, de La Camara R, Milpied N, et al. Randomized study 
of valacyclovir as prophylaxis against cytomegalovirus reactivation 
in recipients of allogeneic bone marrow transplants. Blood 2002; 
99: 3050–56.

105	 Goodrich JM, Bowden RA, Fisher L, Keller C, Schoch G, Meyers JD. 
Ganciclovir prophylaxis to prevent cytomegalovirus disease after 
allogeneic marrow transplant. Ann Intern Med 1993; 118: 173–78.

106	 Winston DJ, Ho WG, Bartoni K, et al. Ganciclovir prophylaxis of 
cytomegalovirus infection and disease in allogeneic bone marrow 
transplant recipients. Results of a placebo-controlled, double-blind 
trial. Ann Intern Med 1993; 118: 179–84.

107	 Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G, 
Bowden RA. Cytomegalovirus pp65 antigenemia-guided early 
treatment with ganciclovir versus ganciclovir at engraftment after 
allogeneic marrow transplantation: a randomized double-blind 
study. Blood 1996; 88: 4063–71.

108	 Winston DJ, Yeager AM, Chandrasekar PH, Snydman DR, 
Petersen FB, Territo MC. Randomized comparison of oral 
valacyclovir and intravenous ganciclovir for prevention of 
cytomegalovirus disease after allogeneic bone marrow 
transplantation. Clin Infect Dis 2003; 36: 749–58.

109	 Bacigalupo A, Tedone E, Van Lint MT, et al. CMV prophylaxis with 
foscarnet in allogeneic bone marrow transplant recipients at high 
risk of developing CMV infections. Bone Marrow Transplant 1994; 
13: 783–88.

110	 Bregante S, Bertilson S, Tedone E, et al. Foscarnet prophylaxis of 
cytomegalovirus infections in patients undergoing allogeneic bone 
marrow transplantation (BMT): a dose-finding study. Bone Marrow 
Transplant 2000; 26: 23–29.

111	 Marty FM, Winston DJ, Chemaly RF, et al. A randomized, 
double-blind, placebo-controlled phase 3 trial of oral brincidofovir 
for cytomegalovirus prophylaxis in allogeneic hematopoietic cell 
transplantation. Biol Blood Marrow Transplant 2018; 25: 369–81.

112	 Chen K, Cheng MP, Hammond SP, Einsele H, Marty FM. 
Antiviral prophylaxis for cytomegalovirus infection in allogeneic 
hematopoietic cell transplantation. Blood Adv 2018; 2: 2159–75.

113	 Gagelmann N, Ljungman P, Styczynski J, Kroger N. Comparative 
efficacy and safety of different antiviral agents for cytomegalovirus 
prophylaxis in allogeneic hematopoietic cell transplantation: 
a systematic review and meta-analysis. Biol Blood Marrow Transplant 
2018; 24: 2101–09.

114	 Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat I, Leibovici L, 
Shpilberg O. Immunoglobulin prophylaxis in hematopoietic stem 
cell transplantation: systematic review and meta-analysis. 
J Clin Oncol 2009; 27: 770–81.

115	 Winston DJ, Baden LR, Gabriel DA, et al. Pharmacokinetics of 
ganciclovir after oral valganciclovir versus intravenous ganciclovir 
in allogeneic stem cell transplant patients with graft-versus-host 
disease of the gastrointestinal tract. Biol Blood Marrow Transplant 
2006; 12: 635–40.



e271	 www.thelancet.com/infection   Vol 19   August 2019

Review

116	 Einsele H, Reusser P, Bornhauser M, et al. Oral valganciclovir leads 
to higher exposure to ganciclovir than intravenous ganciclovir in 
patients following allogeneic stem cell transplantation. Blood 2006; 
107: 3002–08.

117	 van der Heiden PL, Kalpoe JS, Barge RM, Willemze R, Kroes AC, 
Schippers EF. Oral valganciclovir as pre-emptive therapy has 
similar efficacy on cytomegalovirus DNA load reduction as 
intravenous ganciclovir in allogeneic stem cell transplantation 
recipients. Bone Marrow Transplant 2006; 37: 693–98.

118	 Ayala E, Greene J, Sandin R, et al. Valganciclovir is safe and 
effective as pre-emptive therapy for CMV infection in allogeneic 
hematopoietic stem cell transplantation. Bone Marrow Transplant 
2006; 37: 851–56.

119	 Busca A, de Fabritiis P, Ghisetti V, et al. Oral valganciclovir as 
preemptive therapy for cytomegalovirus infection post allogeneic 
stem cell transplantation. Transpl Infect Dis 2007; 9: 102–07.

120	 Reusser P, Einsele H, Lee J, et al. Randomized multicenter trial of 
foscarnet versus ganciclovir for preemptive therapy of 
cytomegalovirus infection after allogeneic stem cell transplantation. 
Blood 2002; 99: 1159–64.

121	 Ljungman P, Deliliers GL, Platzbecker U, et al. Cidofovir for 
cytomegalovirus infection and disease in allogeneic stem cell 
transplant recipients. Blood 2001; 97: 388–92.

122	 Platzbecker U, Bandt D, Thiede C, et al. Successful preemptive 
cidofovir treatment for CMV antigenemia after dose-reduced 
conditioning and allogeneic blood stem cell transplantation. 
Transplantation 2001; 71: 880–85.

123	 Cesaro S, Zhou X, Manzardo C, et al. Cidofovir for cytomegalovirus 
reactivation in pediatric patients after hematopoietic stem cell 
transplantation. J Clin Virol 2005; 34: 129–32.

124	 Bacigalupo A, Bregante S, Tedone E, et al. Combined 
foscarnet-ganciclovir treatment for cytomegalovirus infections after 
allogeneic hemopoietic stem cell transplantation. Transplantation 
1996; 62: 376–80.

125	 Mattes FM, Hainsworth EG, Geretti AM, et al. A randomized, 
controlled trial comparing ganciclovir to ganciclovir plus foscarnet 
(each at half dose) for preemptive therapy of cytomegalovirus 
infection in transplant recipients. J Infect Dis 2004; 189: 1355–61.

126	 Papanicolaou GA, Silveira FP, Langston AA, et al. 
Maribavir for refractory or resistant cytomegalovirus infections in 
hematopoietic-cell or solid-organ transplant recipients: 
a randomized, dose-ranging, double-blind, phase 2 study. 
Clin Infect Dis 2019; 68: 1255–64.

127	 Kaptein SJ, Efferth T, Leis M, et al. The anti-malaria drug artesunate 
inhibits replication of cytomegalovirus in vitro and in vivo. 
Antiviral Res 2006; 69: 60–69.

128	 Levi ME, Mandava N, Chan LK, Weinberg A, Olson JL. Treatment of 
multidrug-resistant cytomegalovirus retinitis with systemically 
administered leflunomide. Transpl Infect Dis 2006; 8: 38–43.

129	 Ehlert K, Groll AH, Kuehn J, Vormoor J. Treatment of refractory 
CMV-infection following hematopoietic stem cell transplantation 
with the combination of foscarnet and leflunomide. Klin Padiatr 
2006; 218: 180–84.

130	 Avery RK, Bolwell BJ, Yen-Lieberman B, et al. Use of leflunomide in 
an allogeneic bone marrow transplant recipient with refractory 
cytomegalovirus infection. Bone Marrow Transplant 2004; 
34: 1071–75.

131	 Battiwalla M, Paplham P, Almyroudis NG, et al. Leflunomide 
failure to control recurrent cytomegalovirus infection in the setting 
of renal failure after allogeneic stem cell transplantation. 
Transpl Infect Dis 2007; 9: 28–32.

132	 Emanuel D, Cunningham I, Jules EK, et al. Cytomegalovirus 
pneumonia after bone marrow transplantation successfully treated 
with the combination of ganciclovir and high-dose intravenous 
immune globulin. Ann Intern Med 1988; 109: 777–82.

133	 Reed E, Dandliker P, Meyers J. Treatment of cytomegalovirus 
pneumonia with 9-[2-hydroxy-1-(hydroxymethyl)ethoxymethyl]
guanine and high-dose corticosteroids. Ann Intern Med 1986; 
105: 214–15.

134	 Schmidt GM, Kovacs A, Zaia JA, et al. 
Ganciclovir/immunoglobulin combination therapy for the 
treatment of human cytomegalovirus-associated interstitial 
pneumonia in bone marrow allograft recipients. Transplantation 
1988; 46: 905–07.

135	 Ljungman P, Cordonnier C, Einsele H, et al. Use of intravenous 
immune globulin in addition to antiviral therapy in the treatment of 
CMV gastrointestinal disease in allogeneic bone marrow transplant 
patients: a report from the European Group for Blood and Marrow 
Transplantation (EBMT). Bone Marrow Transplant 1998; 21: 473–76.

136	 Reusser P, Cordonnier C, Einsele H, et al. European survey of 
herpesvirus resistance to antiviral drugs in bone marrow transplant 
recipients. Infectious Diseases Working Party of the European 
Group for Blood and Marrow Transplantation (EBMT). 
Bone Marrow Transplant 1996; 17: 813–17.

137	 Nichols WG, Corey L, Gooley T, et al. Rising pp65 antigenemia 
during preemptive anticytomegalovirus therapy after allogeneic 
hematopoietic stem cell transplantation: risk factors, correlation 
with DNA load, and outcomes. Blood 2001; 97: 867–74.

138	 Chemaly RF, Chou S, Einsele H, et al. Definitions of resistant and 
refractory cytomegalovirus infection and disease in transplant 
recipients for use in clinical trials. Clin Infect Dis 2019; 68: 1420–26.

139	 Walter EA, Greenberg PD, Gilbert MJ, et al. Reconstitution of 
cellular immunity against cytomegalovirus in recipients of 
allogeneic bone marrow by transfer of T-cell clones from the donor. 
N Engl J Med 1995; 333: 1038–44.

140	 Peggs KS, Verfuerth S, Pizzey A, et al. Adoptive cellular therapy for 
early cytomegalovirus infection after allogeneic stem-cell 
transplantation with virus-specific T-cell lines. Lancet 2003; 
362: 1375–77.

141	 Hanley PJ, Cruz CR, Savoldo B, et al. Functionally active 
virus-specific T cells that target cytomegalovirus, adenovirus, 
and EBV can be expanded from naive T-cell populations in cord 
blood and will target a range of viral epitopes. Blood 2009; 
114: 1958–67.

142	 Leen AM, Bollard CM, Mendizabal AM, et al. Multicenter study of 
banked third-party virus-specific T cells to treat severe viral 
infections after hematopoietic stem cell transplantation. Blood 2013; 
121: 5113–23.

143	 Gerdemann U, Katari UL, Papadopoulou A, et al. Safety and clinical 
efficacy of rapidly-generated trivirus-directed T cells as treatment 
for adenovirus, EBV, and cytomegalovirus infections after allogeneic 
hematopoietic stem cell transplant. Mol Ther 2013; 21: 2113–21.

144	 Neuenhahn M, Albrecht J, Odendahl M, et al. Transfer of minimally 
manipulated cytomegalovirus-specific T cells from stem cell or 
third-party donors to treat cytomegalovirus infection after 
allo-HSCT. Leukemia 2017; 31: 2161–71.

145	 Riddell SR, Watanabe KS, Goodrich JM, Li CR, Agha ME, 
Greenberg PD. Restoration of viral immunity in immunodeficient 
humans by the adoptive transfer of T cell clones. Science 1992; 
257: 238–41.

146	 Feuchtinger T, Opherk K, Bethge WA, et al. Adoptive transfer of 
pp65-specific T cells for the treatment of chemorefractory 
cytomegalovirus disease or reactivation after haploidentical and 
matched unrelated stem cell transplantation. Blood 2010; 116: 4360–67.

147	 Schmitt A, Tonn T, Busch DH, et al. Adoptive transfer and selective 
reconstitution of streptamer-selected cytomegalovirus-specific CD8+ 
T cells leads to virus clearance in patients after allogeneic peripheral 
blood stem cell transplantation. Transfusion 2011; 51: 591–99.

148	 Stemberger C, Graef P, Odendahl M, et al. Lowest numbers of 
primary CD8(+) T cells can reconstitute protective immunity upon 
adoptive immunotherapy. Blood 2014; 124: 628–37.

149	 Khanna N, Stuehler C, Conrad B, et al. Generation of a 
multipathogen-specific T-cell product for adoptive immunotherapy 
based on activation-dependent expression of CD154. Blood 2011; 
118: 1121–31.

150	 Mengarelli A, Annibali O, Pimpinelli F, et al. Prospective 
surveillance vs clinically driven approach for cytomegalovirus 
reactivation after autologous stem cell transplant. J Infect 2016; 
72: 265–68.

151	 Rossini F, Terruzzi E, Cammarota S, et al. Cytomegalovirus 
infection after autologous stem cell transplantation: incidence and 
outcome in a group of patients undergoing a surveillance program. 
Transpl Infect Dis 2005; 7: 122–25.

152	 Kim JH, Goulston C, Sanders S, et al. Cytomegalovirus reactivation 
following autologous peripheral blood stem cell transplantation for 
multiple myeloma in the era of novel chemotherapeutics and 
tandem transplantation. Biol Blood Marrow Transplant 2012; 
18: 1753–58.



www.thelancet.com/infection   Vol 19   August 2019	 e272

Review

153	 Sullivan KM, Majhail NS, Bredeson C, et al. Systemic sclerosis as 
an indication for autologous hematopoietic cell transplantation: 
position statement from the American Society for Blood and 
Marrow Transplantation. Biol Blood Marrow Transplant 2018; 
24: 1961–64.

154	 Han XY. Epidemiologic analysis of reactivated cytomegalovirus 
antigenemia in patients with cancer. J Clin Microbiol 2007; 
45: 1126–32.

155	 O’Brien SM, Keating MJ, Mocarski ES. Updated guidelines on 
the management of cytomegalovirus reactivation in patients with 
chronic lymphocytic leukemia treated with alemtuzumab. 
Clin Lymphoma Myeloma 2006; 7: 125–30.

156	 Cheung WW, Tse E, Leung AY, Yuen KY, Kwong YL. Regular 
virologic surveillance showed very frequent cytomegalovirus 
reactivation in patients treated with alemtuzumab. Am J Hematol 
2007; 82: 108–11.

157	 Nabhan C, Patton D, Gordon LI, et al. A pilot trial of rituximab and 
alemtuzumab combination therapy in patients with relapsed and/or 
refractory chronic lymphocytic leukemia (CLL). Leuk Lymphoma 
2004; 45: 2269–73.

158	 Lundin J, Kimby E, Bjorkholm M, et al. Phase II trial of 
subcutaneous anti-CD52 monoclonal antibody alemtuzumab 
(Campath-1H) as first-line treatment for patients with B-cell chronic 
lymphocytic leukemia (B-CLL). Blood 2002; 100: 768–73.

159	 Tay MR, Lim ST, Tao M, Quek RH, Tay K, Tan TT. Cytomegalovirus 
infection and end-organ disease in Asian patients with lymphoma 
receiving chemotherapy. Leuk Lymphoma 2014; 55: 182–87.

160	 Ng AP, Worth L, Chen L, et al. Cytomegalovirus DNAemia and 
disease: incidence, natural history and management in settings 
other than allogeneic stem cell transplantation. Haematologica 2005; 
90: 1672–79.

161	 Zelenetz AD, Barrientos JC, Brown JR, et al. Idelalisib or placebo in 
combination with bendamustine and rituximab in patients with 
relapsed or refractory chronic lymphocytic leukaemia: interim 
results from a phase 3, randomised, double-blind, 
placebo-controlled trial. Lancet Oncol 2017; 18: 297–311.

162	 Medicines and Healthcare products Regulatory Agency. Idelalisib 
(Zydelig®): updated indications and advice on minimising the risk 
of infection. Sept 15, 2016. https://www.gov.uk/drug-safety-update/
idelalisib-zydelig-updated-indications-and-advice-on-minimising-
the-risk-of-infection (accessed May 15, 2019).

163	 Limaye AP, Stapleton RD, Peng L, et al. Effect of ganciclovir 
on IL-6 levels among cytomegalovirus-seropositive adults with 
critical illness: a randomized clinical trial. JAMA 2017; 318: 731–40.

© 2019 Elsevier Ltd. All rights reserved.


	Guidelines for the management of cytomegalovirus infection in patients with haematological malignancies and after stem cell transplantation from the 2017 European Conference on Infections in Leukaemia (ECIL 7)
	Introduction
	Definitions and diagnosis of cytomegalovirus disease
	Cytomegalovirus epidemiology in allogeneic HSCT recipients
	Cytomegalovirus disease incidence and mortality
	Cytomegalovirus epidemiology in cord blood HSCT
	Cytomegalovirus epidemiology in haploidentical HSCT with ex-vivo graft manipulation
	Cytomegalovirus epidemiology in haploidentical HSCT with post-transplant cyclophosphamide

	Cytomegalovirus disease
	Donor and recipient cytomegalovirus serological status
	Recommendations for pretransplant testing of serological status
	Recommendations for choice of donor based on cytomegalovirus serological status

	Cytomegalovirus and leukaemia relapse
	Recommendation regarding cytomegalovirus and leukaemia relapse

	Cytomegalovirus monitoring
	Recommendations for monitoring of cytomegalovirus in plasma and whole blood

	Immunological monitoring
	Recommendation regarding immunological monitoring of allogeneic HSCT recipients

	Cytomegalovirus management strategies
	Prevention of primary cytomegalovirus infection
	Prevention of cytomegalovirus reactivation and disease
	Pre-emptive antiviral therapy
	First-line pre-emptive therapy
	Recommendations regarding first-line pre-emptive therapy
	Second-line pre-emptive therapy
	Recommendations regarding second-line pre-emptive therapy
	Treatment of cytomegalovirus disease
	Recommendations for the treatment of cytomegalovirus disease
	Antiviral resistance
	Cytomegalovirus immunotherapy
	Recommendation for immunotherapy of cytomegalovirus infection and disease
	Cytomegalovirus infections in autologous HSCT recipients and in patients with haematological malignancies
	Recommendations for management of cytomegalovirus infection and disease after autologous HSCT
	Other patients
	Recommendations for patients treated with alemtuzumab
	Recommendations for patients treated with idelalisib
	Recommendations for other patients with haematological malignancies

	Conclusion
	References


