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MANAGEMENT
OF
HUMAN
CYTOMEGALOVIRUS
INFECTION
IN
HEMATOPOIETIC STEM CELL TRANSPLANT RECIPIENTS: GUIDELINES OF THE
“SOCIETA’ ITALIANA DI VIROLOGIA-SIV”

Introduction

Human cytomegalovirus (HCMV) infection is the most important viral complication and an
important cause of morbidity and mortality in haematopoietic stem cell transplant recipients
(HSCTR). HCMV can cause systemic and organ infections, including the lungs, gastrointestinal
tract, liver, kidney and central or peripheral nervous system, and the disease can develop both early
(within 100 days) and late after transplantation. A prompt and appropriate diagnosis of HCMV
infection and disease is mandatory in this patient population, in order to timely intervene to prevent
disease or to avoid incorrect management of the patient. A brief definition of HCMV systemic
syndrome and organ disease follows [1].
Systemic syndrome. Systemic HCMV syndrome is characterized by the following symptoms
and signs: fever >38°C for at least 2 days, malaise, leukopenia, thrompocytopenia, elevation of
hepatic transaminases >2 fold the upper normal limit (applicable to non-liver transplant recipients),
presence of HCMV or its products in blood and exclusion of other possible causes.
End-organ disease. HCMV end-organ disease is defined by symptoms and signs of organ
involvement (pulmonary, gastrointestinal, hepatic, neural or, less frequently, other organ sites)
associated with either immunohistochemical or virological detection (viral DNA quantification or
virus isolation) of HCMV in biopsy tissues (independently of virus presence in blood), in the
absence of other possible causes of organ disease. Gastrointestinal disease and pneumonia are the
most common manifestations in HSCT recipients.
The following recommendations for management of HCMV infection are graded according
to the United States Centers for Disease Control as described in Table 1 [2].
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Diagnosis of (active) HCMV infection
Diagnostic tools. Active HCMV infection in blood can be diagnosed by detecting HCMV or
its products in blood. Since the end of the 80s, different techniques have been developed for this
purpose, allowing rapid and sensitive diagnosis of HCMV infection [3,4]: virus isolation (standard
isolation with virus recovery or rapid isolation by the shell-vial technique), detection of pp65 in
peripheral blood leukocytes (pp65-antigenemia), detection and quantification of viral DNA in
different blood compartments (DNAemia) and detection of immediate-early or late viral transcripts
(IEmRNAemia or pp67mRNAemia).
Quantitative determination of viral load in blood has been shown to have a high prognostic
value for the development of HCMV disease in both HSCTR and solid organ transplant recipients
[5-7]. Among the different techniques, rapid virus isolation by the shell vial method, provides
quantitative results that highly correlate with actual viral replication and gives information on
antiviral therapy effectiveness; however, it was found to lack sensitivity for guiding preemptive
therapy [3,8].
The antigenemia assay has been widely used and has been currently adopted in many centres
for diagnosis of HCMV infection and guidance of preemptive therapy [6,9]. Although the assay was
shown to be suitable for standardization [10], interpretation of test results remains subjective and
the assay is not automatable, in view of the need to manage an increasingly high number of samples
per day. In addition, due to the biological properties of pp65 (which is synthesized in excess in
infected endothelial cells and passively transferred to blood leukocytes) [11], antigenemia
quantification does not directly correlate with actual viral replication, providing in particular cases
misleading information [12-13].
These limitations could be overcome by the introduction of molecular assays, among which
viral DNA quantification by real-time PCR has proven to give highly reliable results. Viral DNA
can be quantified in different blood compartments (leukocytes, plasma, or whole blood), but several
studies have shown that whole blood is the specimen of choice for HCMV DNAemia
quantification, since it allows determination of both cell-free and cell-associated virus [14-17].
However, since different systems (both those developed in-house or commercially available) are
used in different transplantation centres, a standardized methodology is warranted, as well as
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periodical reference to external quality control panels by all laboratories involved in HCMV DNA
quantification [18].
Viral organ localization is diagnosed by examining organ biopsies (or, alternatively, local
secretions, e.g. bronchoalveolar lavage fluid -BAL- for pulmonary infection) by either
immunohistochemistry and/or virological assays (viral DNA quantification or virus isolation).
Serological assays for HCMV-specific IgG or IgM determination are not useful in the
diagnosis and monitoring of HCMV infection in HSCTR except for defining the risk level for
HCMV infection development when performed in the donor and the recipient before
transplantation. However, it should be noted that low levels of IgG specific for HCMV could be
detected in candidate patients for transplantation if they received blood products or immunoglobulin
administration, even if they had not previously encountered the virus [19]

Recommendations
•

Quantitative determination of viral load in blood is indicated since it has a high

prognostic value for the development of HCMV disease (A I).
•

HCMV DNA quantification on whole blood is the elective assay for monitoring viral

load, since it directly correlates with viral replication and clinical symptoms; however,
standardization of the different methods is mandatory (A I).
•

For organ localization diagnosis, an organ biopsy (or, alternatively, local secretions e.g.

bronchoalveolar lavage fluid for pulmonary infection) should be examined (A III).
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Prevention of HCMV disease
Preemptive therapy vs prophylaxis. Due to the high mortality rate associated with HCMV
disease in the transplantation setting, the optimal management strategy for the control of HCMV
infection is the prevention of overt disease. The two main approaches for prevention of HCMV
disease are antiviral prophylaxis and preemptive therapy using the currently available anti-HCMV
compounds [Ganciclovir (GCV), Valganciclovir (VGCV), Foscarnet (PFA) and Cidofovir (CDV)].
Even if both approaches are able to reduce the incidence and severity of HCMV disease, the
approach of choice appears to be the preemptive strategy. The major advantage of antiviral
prophylaxis, that is currently based on the administration of GCV from engraftment till day +100
[20-22], relies on its easy use. However, while GCV prophylaxis has been associated with a
reduction for the risk of HCMV disease as compared to placebo, no improvement has been
observed in overall survival. Possible drawbacks of universal prophylaxis are that prolonged
administration of antiviral drugs expose patients to the toxic effects of antiviral compounds, such as
neutropenia induced by GCV given at engraftment, leading to more invasive bacterial and fungal
infections [20,22-23]. Moreover, especially in the presence of suboptimal drug levels, sustained
administration of antivirals could induce emergence of drug-resistant HCMV strains, even though
thus far no study has demonstrated a significantly higher rate of antiviral resistant strains in patients
receiving prophylaxis with respect to preemptive therapy. In addition, antiviral prophylaxis does not
completely prevent the occurrence of HCMV infection and disease, which can affect patients after
prophylaxis cessation. Furthermore, its potential interference with a delay in HCMV-specific T-cell
reconstitution is still debated [24-25].
On the other hand, preemptive therapy consists of the administration of antiviral drugs when
viral load in blood reaches a level predictive of HCMV disease, but before the onset of clinical
symptoms. The major advantage of preemptive therapy with respect to prophylaxis is that only a
minor proportion of patients is treated for a shorter period of time, while using a prophylactic
approach, a substantial number of patients not at risk for disease (about 60-70%) will receive an
unnecessary but potentially toxic antiviral drug. However, preemptive therapy requires continuous
virological monitoring to be efficacious in preventing HCMV disease, and depends on adherence to
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the testing schedule. Disease may occur in case of missed surveillance, and, in the absence of virus
in blood, in rare cases of organ localization (especially gastro-intestinal) [26].
Prevention of HCMV disease in HSCTR. The recommended strategy for prevention of
HCMV disease in HSCTR is preemptive therapy with i.v. GCV (5mg/kg/bid) or i.v. PFA
(90mg/kg/bid) until disappearance of virus from blood [22,27-33]. A randomised prospective trial
showed that GCV and PFA are equally effective, while serum electrolyte abnormalities were more
common in the PFA group and neutropenia in the GCV group [33]. The choice should depend on
the evaluation of the toxicity risk. The combined administration of i.v. PFA and i.v. GCV at half
doses does not improve control of HCMV infection with respect to administration of i.v. GCV
alone at full dosage [34]. Thus far, no controlled trial on CDV has been conducted, and this antiviral
drug should only be used as a second line choice due to its toxicity profile. The efficacy of VGCV
p.o. is still under evaluation, especially in the pediatric population and in case of altered intestinal
absorption (such as that occurring in patients with GvHD). However, there is recent positive
evidence of its pharmacokinetic and clinical utility in HSCTR [35-39]. Preemptive therapy was
generally initiated after first (confirmed) HCMV detection in blood, whichever test (antigenemia or
DNAemia) was used. However, two recent trials performed in both pediatric and adult HSCT
patients [31-32] and an observational study [40] showed that adoption of a cutoff level of 4 log10
(10,000) HCMV DNA copies/ml blood to start preemptive therapy (until confirmed DNAemia
negativity), is safe and more cost-effective (significant reduction in number of patients receiving
preemptive therapy) than starting treatment upon the first positive result.
Apart from the above considerations, the administration of standard or hyperimmune
globulin has no or at best little use in the prevention of HCMV infection or disease [41-43].
Moreover, it remains to be determined which is the best prevention strategy in special
transplantation settings such as HSCT in HIV-seropositive patients.
Frequency of virological monitoring. The effectiveness of preemptive therapy in preventing
disease relies on virological monitoring. This should be performed weekly during the first three
months after transplantation, by HCMV DNAemia quantification on whole blood. When an active
HCMV infection is diagnosed (i.e. positive DNAemia) more frequent monitoring (2 tests/week)
should be performed until virus clearance from blood. This monitoring schedule has been shown in
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prospective studies [22,29-33] to be able to detect patients at risk of developing HCMV infection,
thus allowing timely initiation of antiviral therapy. Beyond three months after transplantation, in
order to avoid onset of late HCMV disease, monitoring should be performed: i) monthly (or at least
concomitantly with routine medical visits) until 12 months after transplantation; ii) in case of an
increase in the immunosuppressive regimen due to GvHD; and iii) on the basis of any clinical
indication suggesting the presence of HCMV infection/disease. In case of diagnosis of active
HCMV infection, weekly or biweekly monitoring should be reinstated.
When an organ localization is suspected, organ biopsy or local secretions should be
examined, either in the presence or absence of HCMV or HCMV products in peripheral blood.
Introduction of immunological monitoring. For several years it has been known that
control of HCMV infection is conferred by reconstitution (or development) of the HCMV-specific
cell-mediated immune response [24,44-45]. In particular, the severity of HCMV infection and the
extent of organ involvement inversely correlate with the development or restoration of an efficient
CD4+ and CD8+ T-cell immune response, whereas the absence of T-cell immunity is consistently
associated with recurrent episodes of reactivated HCMV infection. Several, yet not standardised,
techniques are utilized to monitor HCMV-specific CD4+ and CD8+ T-cell immune responses [4651].
However, from the clinical standpoint, it appears reasonable to assume that simultaneous
immunological and virologic follow-up of individual patients may improve management of HCMV
infection in transplanted patients. This strategy (see Figure 1) would allow tailored surveillance and
prevention strategies on the basis of the patient’s immune reconstitution, thereby avoiding strict
virological monitoring/treatment of patients with efficient T-cell immunity. On the contrary,
patients lacking HCMV-specific immune reconstitution, or receiving steroid treatment for GvHD,
should undergo sustained virologic monitoring in order to prevent late disease [52-53]. This
approach, although already proposed for control of HCMV late disease after the first three months
post transplant [52], should be verified in future prospective trials.
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Recommendations
•

The elective approach for prevention of HCMV disease is the preemptive strategy, while

prophylaxis should be adopted only in transplantation centres with no facilities for
virological monitoring (A II).
•

The recommended preventive strategy for HSCTR is preemptive therapy with i.v. GCV

(5mg/kg/bid) or i.v. PFA (90mg/kg/bid). Some studies indicate as a cost-effective cutoff for
initiating pre-emptive therapy a DNAemia level of 4 log10 (10,000) copies/ml blood.
Therapy should be protracted until DNAemia becomes negative (A I).
•

VGCV p.o. (900mg/bid) can be used as an alternative to GCV in HSCTR (AII). Its

efficacy should be verified in the pediatric population and in case of altered intestinal
absorption (research need).
•

CDV could be used as a second line choice for preemptive therapy of HSCTR (B II).

•

The optimal prevention strategies should be determined in special patient populations,

such as HIV-seropositive HSCTR (research need).
•

DNAemia quantification on whole blood should be performed weekly during the first

three months after transplantation. When active HCMV infection is diagnosed, more
frequent monitoring (2 tests/week) should be performed (A I).
•

Beyond three months post-transplantation, in order to avoid onset of late HCMV disease,

monitoring should be performed monthly (or at least in concomitance with routine medical
visits), in case of an increase in the immunosuppressive regimen for GvHD, and on the basis
of any clinical indication (B II).
•

The role of HCMV-specific immune response monitoring in transplanted patient

management should be verified in future prospective studies (research need).
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Treatment of HCMV disease

Preemptive therapy, if guided by appropriate virological monitoring, is virtually able to
prevent any case of overt HCMV disease. However, the preventive strategy may fail in case of
organ involvement in the absence of virus or viral products in blood. In case of established HCMV
disease, i.v. administration of GCV (5mg/kg/bid) or PFA (90mg/kg/bid) is the first choice
treatment. Therapy should be protracted for 2-4 weeks or until disappearance of virus from the
involved organ or blood. The established therapy in case of HCMV pneumonia is the combination
of i.v. GCV and high dose immunoglobulin. However, it is still controversial whether
administration of immunoglobulin or even HCMV hyperimmune globulin can improve outcome
[54-56]. No organ involvement other than lung requires use of immunoglobulin. VGCV p.o.
(900mg/bid) was shown to be a valid alternative to GCV also for treatment of HCMV disease in
organ transplant recipients [57-60]. However, its efficacy remains to be demonstrated in HSCTR.
CDV can be used as a second line choice. Finally, the utility and effectiveness of adoptive
immunotherapy [61] both for the prevention and treatment of HCMV disease in patients unable to
spontaneously develop immune control of HCMV infection should be evaluated in future
prospective studies.
Pharmacokinetics and drug resistance.
The most clearly defined variable affecting pharmacokinetic parameters is renal impairment.
GCV clearance correlates with creatinine clearance, thus providing a basis for dosage adjustment in
patients with renal impairment. In the presence of altered renal function, the dose of GCV and
VGCV, for both prevention and treatment of HCMV disease, may be reassessed also on the basis of
plasma drug concentration, in order to prevent drug accumulation and risk of toxic effects due to
higher drug exposure.
Although GCV pharmacokinetic parameters are defined, high inter- and intraindividual
variability have been observed during clinical use. The role of therapeutic monitoring has not been
clearly addressed and a therapeutic range for plasma GCV concentration has not yet been clearly
defined.
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The available data on the antiviral activity of GCV against HCMV show that the in vitro
concentration required to achieve 50% viral inhibition (IC50) ranges from 0.75 to 1.5 µg/ml [62],
but can reach up to 2.0 µg/ml [63]. GCV is virostatic with an ID50 for most clinical HCMV isolates
ranging from 0.2 to 1.6 µg/ml [64]. These in vitro susceptibilities have been used as the basis for
guiding target drug concentrations in pharmacokinetic studies.
Several studies in solid organ transplant recipients receiving GCV for HCMV prophylaxis
or treatment report a wide range of plasma drug concentrations, with trough concentrations (Ctrough)
ranging from 0.06 to 11.7 µg/ml and peak concentrations (Cmax: 15 min. after i.v. and 3h after oral
administration) ranging from 0.96 to 22.1 µg/ml [65]. On the basis of different pharmacokinetic
studies and guidelines, it can be concluded that Ctrough should be around the reported value of 1.0
µg/ml. However, it can be speculated that a Ctrough higher than 2.0 mcg/mL might be even more
effective, especially for patients at high risk [66]. A Ctrough > 5.0 µg/ml and a Cmax > 20 µg/ml may
be associated with the onset of toxic effects.
In case of DNAemia (or viremia) increase during treatment, an investigation for HCMV
drug-resistance should be undertaken. It should be emphasized, however, that a rise in antigenemia
level alone during the first 10-15 days of treatment (not accompanied by a concomitant rise in
DNAemia and viremia levels) does not indicate therapy failure but, as in primary infections of
SOTR, is due to excess pp65 synthesis during viral replication. [12,13]. When a rise in DNAemia or
viremia occurs during antiviral treatment, the emergence of drug resistant HCMV strains must be
confirmed by drug resistance assays. Detection of mutations in the HCMV UL97 or UL54 genes
(genotypic drug resistance assay), allows a rapid diagnosis of drug resistance and provides helpful
indications for the selection of alternative antiviral treatments [67]. A lack of antiviral treatment
effectiveness may also occur in the absence of mutations in the viral genome. In such cases, an
evaluation of the actual plasma drug concentration and a re-evaluation of the immunosuppressive
regimen is required. Empirical treatment shifts should always be avoided in order to prevent
emergence of multidrug resistant strains.
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Recommendations
•

In case of established HCMV disease, i.v. administration of GCV (5mg/kg/bid) or PFA

(90mg/kg/bid) for 2-4 weeks or until disappearance of virus from blood or from the involved
organ is the first choice treatment (A II). It is not clear whether the concomitant
administration of i.v. immunoglobulin for treatment of HCMV pneumonia adds any benefit
(C III).
•

VGCV p.o. (900mg/bid) appears to be a valid alternative to GCV for the treatment of

HCMV disease in organ transplant recipients (AII). Its efficacy remains to be documented in
HSCTR (research need).
•

CDV may be considered as a second line treatment (B II).

•

In case of renal function impairment, GCV or VGCV dosage should be reassessed on the

basis of plasma drug concentration (A III).
•

In case of a DNAemia increase during treatment, a possible selection of a drug-resistant

strain should be verified by a phenotypic/genotypic assay. The antiviral drug should be
changed only in case of detection of a drug-resistant strain. Otherwise, plasma antiviral drug
concentration or immunosuppression should be re-evaluated (A III).
•

The effectiveness of adoptive immunotherapy for either prevention or treatment should

be investigated (research needed).

10

References

1. Ljungman P, Griffiths P, Paya C. Definitions of HCMV infection and disease in transplant
recipients. Clin Infect Dis. 2002;34:1094-97.
2. Gross PA, Barrett TL, Dellinger EP, Krause PJ, Martone WJ, McGowan JE Jr, Sweet RL,
Wenzel RP. Purpose of quality standards for infectious diseases. Clin Infect Dis. 1994;18:421.
3. Gerna G, Baldanti F, Grossi P, Locatelli F, Colombo P, Viganò M, Revello MG. Diagnosis and
monitoring of human cytomegalovirus infection in transplant recipients. Rev. Med. Microbiol.
2001;12:155-75.
4. Razonable RR, Paya CV, Smith TF. Role of the laboratory in diagnosis and management of
cytomegalovirus infection in hematopoietic stem cell and solid-organ transplant recipients. J
Clin Microbiol. 2002;40:746-52.
5. Meyers JD, Ljungman P, Fisher LD. Cytomegalovirus excretion as a predictor of
cytomegalovirus disease after marrow transplantation: importance of cytomegalovirus viremia. J
Infect Dis. 1990;162:373-80.
6. Grossi P, Minoli L, Percivalle E, Irish W, Vigano M, Gerna G. Clinical and virological
monitoring of human cytomegalovirus infection in 294 heart transplant recipients.
Transplantation. 1995;59: 847-51.
7. Emery VC, Sabin CA, Cope AV, Gor D, Hassan-Walker AF, Griffiths PD. Application of viralload kinetics to identify patients who develop cytomegalovirus disease after transplantation.
Lancet. 2000;355:2032-6.
8. Boeckh M, Boivin G. Quantitation of cytomegalovirus: methodologic aspects and clinical
applications. Clin Microbiol Rev. 1998;11:533-54.
9. Boeckh M, Bowden RA, Goodrich JM, Pettinger M, Meyers JD. Cytomegalovirus antigen
detection in peripheral blood leukocytes after allogeneic marrow transplantation. Blood.
1992;80:1358-64.
10. Gerna G, Percivalle E, Torsellini M, Revello MG. Standardization of the human
cytomegalovirus antigenemia assay by means of in vitro-generated pp65-positive peripheral
blood polymorphonuclear leukocytes. J Clin Microbiol. 1998;36:3585-9.

11

11. Gerna G, Percivalle E, Baldanti F, Sozzani S, Lanzarini P, Genini E, Lilleri D, Revello MG.
Human cytomegalovirus replicates abortively in polymorphonuclear leukocytes after transfer
from infected endothelial cells via transient microfusion events. J Virol. 2000;74:5629-38.
12. Gerna G, Sarasini A, Lilleri D, Percivalle E, Torsellini M, Baldanti F, Revello MG. In vitro
model for the study of the dissociation of increasing antigenemia and decreasing DNAemia and
viremia during treatment of human cytomegalovirus infection with ganciclovir in transplant
recipients. J Infect Dis. 2003;188:1639-47.
13. Gerna G, Lilleri D, Zecca M, Alessandrino EP, Baldanti F, Revello MG, Locatelli F. Rising
antigenemia levels may be misleading in pre-emptive therapy of human cytomegalovirus
infection in allogeneic hematopoietic stem cell transplant recipients. Haematologica.
2005;90:526-33.
14. Razonable RR, Brown RA, Wilson J, Groettum C, Kremers W, Espy M, Smith TF, Paya CV.
The clinical use of various blood compartments for cytomegalovirus (CMV) DNA quantitation
in transplant recipients with CMV disease. Transplantation. 2002;73:968-73.
15. Weinberg A, Schissel D, Giller R. Molecular methods for cytomegalovirus surveillance in bone
marrow transplant recipients. J Clin Microbiol. 2002;40:4203-6.
16. Cortez KJ, Fischer SH, Fahle GA, Calhoun LB, Childs RW, Barrett AJ, Bennett JE. Clinical
trial of quantitative real-time polymerase chain reaction for detection of cytomegalovirus in
peripheral blood of allogeneic hematopoietic stem-cell transplant recipients. J Infect Dis.
2003;188:967-72.
17. Mengelle C, Sandres-Saune K, Pasquier C, Rostaing L, Mansuy JM, Marty M, Da Silva I, Attal
M, Massip P, Izopet J. Automated extraction and quantification of human cytomegalovirus
DNA in whole blood by real-time PCR assay. J Clin Microbiol. 2003;41:3840-5.
18. Lilleri D, Lazzarotto T, Ghisetti V, Ravanini P, Capobianchi MR, Baldanti F, Gerna G and the
SIV-AMCLI Transplant Surveillance Group. Multicenter quality control study for human
cytomegalovirus DNAemia quantification. New Microbiol. 2009 (in press).
19. Lilleri D, Gerna G, Fornara C, Chiesa A, Comolli G, Zecca M, Locatelli F. Human
cytomegalovirus-specific T cell reconstitution in young patients receiving T cell-depleted,
allogeneic hematopoietic stem cell transplantation. J Infect Dis. 2009;199:829-36.

12

20. 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;
118:173-8.
21. Winston DJ, Ho WG, Bartoni K, Du Mond C, Ebeling DF, Buhles WC, Champlin RE.
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.
22. 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.
23. Salzberger B, Bowden RA, Hackman RC, Davis C, Boeckh M. Neutropenia in allogeneic
marrow transplant recipients receiving ganciclovir for prevention of cytomegalovirus disease:
risk factors and outcome. Blood. 1997;90:2502-8.
24. 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;83:1971-9.
25. Hakki M, Riddell SR, Storek J, Carter RA, Stevens-Ayers T, Sudour P, White K, Corey L,
Boeckh M. Immune reconstitution to cytomegalovirus after allogeneic hematopoietic stem cell
transplantation: impact of host factors, drug therapy, and subclinical reactivation. Blood.
2003;102:3060-7.
26. Hackman RC, Wolford JL, Gleaves CA, Myerson D, Beauchamp MD, Meyers JD, McDonald
GB. Recognition and rapid diagnosis of upper gastrointestinal cytomegalovirus infection in
marrow transplant recipients. A comparison of seven virologic methods. Transplantation.
1994;57:231-7.
27. Locatelli F, Percivalle E, Comoli P, Maccario R, Zecca M, Giorgiani G, De Stefano P, Gerna G.
Human cytomegalovirus (HCMV) infection in paediatric patients given allogeneic bone marrow
transplantation: role of early antiviral treatment for HCMV antigenaemia on patients' outcome.
Br J Haematol. 1994;88:64-71.

13

28. Einsele H, Ehninger G, Hebart H, Wittkowski KM, Schuler U, Jahn G, Mackes P, Herter M,
Klingebiel T, Loffler J, Wagner S, Muller CA. Polymerase chain reaction monitoring reduces
the incidence of cytomegalovirus disease and the duration and side effects of antiviral therapy
after bone marrow transplantation. Blood. 1995;86:2815-20.
29. Gerna G, Lilleri D, Baldanti F, Torsellini M, Giorgiani G, Zecca M, De Stefano P, Middeldorp
J, Locatelli F, Revello MG. Human cytomegalovirus immediate-early mRNAemia versus pp65
antigenemia for guiding pre-emptive therapy in children and young adults undergoing
hematopoietic stem cell transplantation: a prospective, randomized, open-label trial. Blood.
2003;101:5053-60.
30. Ljungman P, Perez-Bercoff L, Jonsson J, Avetisyan G, Sparrelid E, Aschan J, Barkholt L,
Larsson K, Winiarski J, Yun Z, Ringdén O. Risk factors for the development of
cytomegalovirus disease after allogeneic stem cell transplantation. Haematologica. 2006;91:7883.
31. Lilleri D, Gerna G, Furione M, Bernardo ME, Giorgiani G, Telli S, Baldanti F, Locatelli F. Use
of a DNAemia cut-off for monitoring human cytomegalovirus infection reduces the number of
pre-emptively treated children and young adults receiving haematopoietic stem cell
transplantation as compared to qualitative pp65-antigenemia. Blood. 2007;110:2757-60.
32. Gerna G, Lilleri D, Caldera D, Furione M, Zenone Bragotti L, Alessandrino EP. Validation of a
DNAemia cutoff for pre-emptive therapy of cytomegalovirus infection in adult hematopoietic
stem cell transplant recipients. Bone Marrow Transplant. 2008;41:873-9.
33. Reusser P, Einsele H, Lee J, Volin L, Rovira M, Engelhard D, Finke J, Cordonnier C, Link H,
Ljungman P; Infectious Diseases Working Party of the European Group for Blood and Marrow
Transplantation. Randomized multicenter trial of foscarnet versus ganciclovir for preemptive
therapy of cytomegalovirus infection after allogeneic stem cell transplantation. Blood.
2002;99:1159-64.
34. Mattes FM, Hainsworth EG, Geretti AM, Nebbia G, Prentice G, Potter M, Burroughs AK,
Sweny P, Hassan-Walker AF, Okwuadi S, Sabin C, Amooty G, Brown VS, Grace SC, Emery
VC, Griffiths PD. A randomized, controlled trial comparing ganciclovir to ganciclovir plus

14

foscarnet (each at half dose) for preemptive therapy of cytomegalovirus infection in transplant
recipients. J Infect Dis. 2004;189:1355-61.
35. Ayala E, Greene J, Sandin R, Perkins J, Field T, Tate C, Fields KK, Goldstein S. Valganciclovir
is safe and effective as pre-emptive therapy for CMV infection in allogeneic hematopoietic stem
cell transplantation. Bone Marrow Transplant. 2006;37:851-6.
36. 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;37:693-8
37. Winston DJ, Baden LR, Gabriel DA, Emmanouilides C, Shaw LM, Lange WR,
Ratanatharathorn V. 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.
38. Einsele H, Reusser P, Bornhauser M, Kalhs P, Ehninger G, Hebart H, Chalandon Y, Kroger N,
Hertenstein B, Rohde F. Oral valganciclovir leads to higher exposure to ganciclovir than
intravenous ganciclovir in patients following allogeneic stem cell transplantation. Blood.
2006;107:3002-8.
39. Busca A, de Fabritiis P, Ghisetti V, Allice T, Mirabile M, Gentile G, Locatelli F, Falda M. Oral
valganciclovir as preemptive therapy for cytomegalovirus infection post allogeneic stem cell
transplantation. Transpl Infect Dis. 2007; 9:102-7.
40. Verkruyse LA, Storch GA, Devine SM, Dipersio JF, Vij R. Once daily ganciclovir as initial preemptive therapy delayed until threshold CMV load > or =10,000 copies/ml: a safe and effective
strategy for allogeneic stem cell transplant patients. Bone Marrow Transplant. 2006; 37:51-6.
41. Winston DJ, Ho WG, Lin CH, Bartoni K, Budinger MD, Gale RP, Champlin RE. Intravenous
immune globulin for prevention of cytomegalovirus infection and interstitial pneumonia after
bone marrow transplantation. Ann Intern Med. 1987;106:12-8.
42. Bowden RA, Fisher LD, Rogers K, Cays M, Meyers JD. Cytomegalovirus (CMV)-specific
intravenous immunoglobulin for the prevention of primary CMV infection and disease after
marrow transplant. J Infect Dis. 1991;164:483-7.

15

43. Zikos P, Van Lint MT, Lamparelli T, Gualandi F, Occhini D, Mordini N, Berisso G, Bregante
S, Bacigalupo A. A randomized trial of high dose polyvalent intravenous immunoglobulin
(HDIgG) vs. cytomegalovirus (CMV) hyperimmune IgG in allogeneic hemopoietic stem cell
transplants (HSCT). Haematologica. 1998;83:132-7.
44. Quinnan GV Jr, Kirmani N, Rook AH, Manischewitz JF, Jackson L, Moreschi G, Santos GW,
Saral R, Burns WH. Cytotoxic T cells in cytomegalovirus infection: HLA-restricted Tlymphocyte and non-T-lymphocyte cytotoxic responses correlate with recovery from
cytomegalovirus infection in bone-marrow-transplant recipients. N Engl J Med. 1982;307:7-13.
45. 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.
46. Gratama JW, van Esser JW, Lamers CH, Tournay C, Lowenberg B, Bolhuis RL, Cornelissen JJ.
Tetramer-based quantification of cytomegalovirus (CMV)-specific CD8+ T lymphocytes in Tcell-depleted stem cell grafts and after transplantation may identify patients at risk for
progressive CMV infection. Blood. 2001;98:1358-64.
47. Cwynarski K, Ainsworth J, Cobbold M, Wagner S, Mahendra P, Apperley J, Goldman J,
Craddock C, Moss PA. Direct visualization of cytomegalovirus-specific T-cell reconstitution
after allogeneic stem cell transplantation. Blood. 2001;97:1232-40.
48. Kern F, Faulhaber N, Frommel C, Khatamzas E, Prosch S, Schonemann C, Kretzschmar I,
Volkmer-Engert R, Volk HD, Reinke P. Analysis of CD8 T cell reactivity to cytomegalovirus
using protein-spanning pools of overlapping pentadecapeptides. Eur J Immunol. 2000;30:167682.
49. Ozdemir E, St John LS, Gillespie G, Rowland-Jones S, Champlin RE, Molldrem JJ, Komanduri
KV. Cytomegalovirus reactivation following allogeneic stem cell transplantation is associated
with the presence of dysfunctional antigen-specific CD8+ T cells. Blood. 2002;100:3690-7.
50. Lozza L, Lilleri D, Percivalle E, Fornara C, Comolli G, Revello MG, Gerna G. Simultaneous
quantification of human cytomegalovirus (HCMV)-specific CD4+ and CD8+ T cells by a novel
method using monocyte-derived HCMV-infected immature dendritic cells. Eur J Immunol.
2005;35:1795-804.

16

51. Lilleri D, Gerna G, Fornara C, Lozza L, Maccario R, Locatelli F. Prospective simultaneous
quantification of human cytomegalovirus-specific CD4+ and CD8+ T-cell reconstitution in
young recipients of allogeneic hematopoietic stem cell transplants. Blood. 2006;108:1406-12.
52. Avetisyan G, Aschan J, Hägglund H, Ringdén O, Ljungman P. Evaluation of intervention
strategy based on CMV-specific immune responses after allogeneic SCT. Bone Marrow
Transplant. 2007;40:865-9.
53. Lilleri D, Zelini P, Chiesa A, Comolli G, Rognoni V, Mastronuzzi A, Locatelli F, Gerna G.
Management of HCMV infection in haematopoietic stem cell transplant recipients by
simultaneous virological and immunological monitoring. An interim analysis. 12th International
CMV/BetaHerpesvirus Workshop, 2009. Abstract Book (Abstract no. X)
54. Ljungman P, Engelhard D, Link H, Biron P, Brandt L, Brunet S, Cordonnier C, Debusscher L,
de Laurenzi A, Kolb HJ, et al. Treatment of interstitial pneumonitis due to cytomegalovirus with
ganciclovir and intravenous immune globulin: experience of European Bone Marrow Transplant
Group. Clin Infect Dis. 1992;14:831-5.
55. Ljungman P, Cordonnier C, Einsele H, Bender-Götze C, Bosi A, Dekker A, De la Camara R,
Gmür J, Newland AC, Prentice HG, Robinson AJ, Rovira M, Rösler W, Veil D. 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). Infectious Diseases Working
Party of the EBMT. Bone Marrow Transplant. 1998;21:473-6.
56. Machado CM, Dulley FL, Boas LS, Castelli JB, Macedo MC, Silva RL, Pallota R, Saboya RS,
Pannuti CS. CMV pneumonia in allogeneic BMT recipients undergoing early treatment of preemptive ganciclovir therapy. Bone Marrow Transplant. 2000;26:413-7.
57. Babel N, Gabdrakhmanova L, Juergensen JS, Eibl N, Hoerstrup J, Hammer M, Rosenberger C,
Hoeflich C, Frei U, Rohde F, Volk HD, Reinke P. Treatment of cytomegalovirus disease with
valganciclovir in renal transplant recipients: a single center experience. Transplantation.
2004;78:283-5.

17

58. Humar A, Siegal D, Moussa G, Kumar D. A prospective assessment of valganciclovir for the
treatment of cytomegalovirus infection and disease in transplant recipients. J Infect Dis.
2005;192:1154-7.
59. Luan FL, Chopra P, Park J, Norman S, Cibrik D, Ojo A. Efficacy of valganciclovir in the
treatment of cytomegalovirus disease in kidney and pancreas transplant recipients. Transplant
Proc. 2006;38:3673-5.
60. Asberg A, Humar A, Rollag H, Jardine AG, Mouas H, Pescovitz MD, Sgarabotto D, Tuncer M,
Noronha IL, Hartmann A; VICTOR Study Group. Oral valganciclovir is noninferior to
intravenous ganciclovir for the treatment of cytomegalovirus disease in solid organ transplant
recipients. Am J Transplant. 2007;7:2106-13.
61. Einsele H, Roosnek E, Rufer N, Sinzger C, Riegler S, Löffler J, Grigoleit U, Moris A,
Rammensee HG, Kanz L, Kleihauer A, Frank F, Jahn G, Hebart H. Infusion of cytomegalovirus
(CMV)-specific T cells for the treatment of CMV infection not responding to antiviral
chemotherapy. Blood. 2002;99:3916-22.
62. Plotkin S, DrewW, Felsenstein D, Hirch M. Sensitivity of clinical isolates of human
cytomegalovirus to 9-(1,3-dihydroxy-2-propoxymethyl) guanine. J Infect Dis. 1985; 152:833-4.
63. Landry ML, Stanat S, Biron K, Brambilla D, Britt W, Jokela J, Chou S, Drew WL, Erice A,
Gilliam B, Lurain N, Manischewitz J, Miner R, Nokta M, Reichelderfer P, Spector S, Weinberg
A, Yen-Lieberman B, Crumpacker C. A standardized plaque reduction assay for determination
of drug susceptibilities of cytomegalovirus clinical isolates. Antimicrob Agents Chemother.
2000;44:688-92.
64. Crumpacker CS. Ganciclovir. N Eng J Med. 1996;335: 721.
65. Scott JC, Partovi N, Ensom MHH. Ganciclovir in solid organ transplant recipients. Is there a
role for clinical pharmacokinetic monitoring? Ther Drug Monit. 2004;26:68-77.
66. Czock D, Sholle C, Rasche FM, Schaarschmidt D, Keller F. Pharmacokinetics of valganciclovir
and ganciclovir in renal impairment. Clin Pharmacol Ther. 2002;72:142-50.
67. Baldanti F, Lurain N, Gerna G. Clinical and biologic aspects of human cytomegalovirus
resistance to antiviral drugs. Hum Immunol. 2004;65:403-9.

18

Table 1 Recommendations and grading according to the United States Centers for Disease Control
(adapted from Gross et al., 1994)

Strength of recommendations
A

Strong evidence for efficacy and substantial clinical benefit. Strongly recommended.

B

Strong or moderate evidence for efficacy, but only limited clinical benefit. Generally
recommended.

C

Insufficient evidence for efficacy; or efficacy does not outweigh possible adverse
consequences or costs of chemoprophylaxis or alternative approaches.

D

Moderate evidence against efficacy or of adverse outcome. Generally not recommended.

E

Strong evidence against efficacy or of adverse outcome. Never recommended.

Quality of evidence supporting recommendation.
I

Consistent evidence from controlled clinical trial(s). Evidence from at least one welldesigned randomized trial and, in case of laboratory studies, consistent evidence from
comparative studies.

II

Evidence from at least one well-designed clinical trial without randomization, from cohort
or case-controlled analytical studies (preferably from more than one centre), or from
multiple time-series studies or dramatic evidence from uncontrolled experiments.

III

Evidence from opinion of respected authorities based on clinical experience, descriptive
studies or reports from expert committees.
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Figure 1. Combination of virologic and immunologic monitoring. After transplantation, patients
undergo both virologic and immunologic monitoring to detect HCMV infection and development
(or reconstitution) of HCMV-specific immune response. When immune responses to HCMV are
detected, and in the absence of GvHD, patients are no longer considered at risk for HCMV disease,
and HCMV surveillance can be interrupted (blank boxes). Otherwise (prior to achieving a complete
T-cell response and when receiving steroid treatment for GvHD), HCMV monitoring should be
continued or reinstated (yellow boxes). Patients with sustained lack of specific immunity are
candidates for adoptive immunotherapy (orange boxes).
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