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34.1	 �Introduction

Currently, the greatest rate of mortality following paediatric 
liver transplantation (LT) is related to infections, certainly 
related to excessive immunosuppression [1]. The impact of 
viral disease on LT outcome depends mainly on two factors: 
firstly, the time post-LT, thus the degree of immunosuppres-
sion, and secondly the serological status of the recipient. 
Most of the infectious complications following LT are caused 
by herpes viruses and are acquired with the donor organ [2]. 
Indeed, children are often seronegative recipients receiving 
livers from adult donors latently infected by cytomegalovirus 
(CMV), Epstein-Barr virus (EBV, and, less frequently, her-
pes simplex virus (HSV1-2) and human herpes virus 6 and 8 
(HHV6, HHV8). Under maximum immunosuppression, this 
often leads to early infection/reactivation of the viruses, with 
different consequences.

In this chapter, the role of CMV and EBV, the main donor-
associated viral pathogens, will be discussed.

34.2	 �EBV Infection and PTLD

34.2.1	 �Clinical Pictures and Epidemiology

EBV is responsible for a spectrum of clinical conditions 
that depend on the level of lymphoid tissue involvement 
and transformation, resulting from the interaction between 
the virus and the immune system. About 60–80% of sero-
negative children are expected to acquire EBV infection 
within 3 months of solid organ transplant, either from pri-
mary oropharyngeal EBV infection or via donor passenger 
lymphocytes in the transplanted organ from a seropositive 
donor.

Symptomatic EBV infection occurs in 8–22% of the cases 
and is not different from that of the immunocompetent host 
[3, 4]. It is commonly defined in the presence of IgM against 
the viral capsid (or positive viral load) along with either the 
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histological evidence of an EBV infection or specific symp-
toms (fever, leukopenia, atypical lymphocytosis, exudative 
tonsillitis and/or lymphadenopathy, or hepatitis).

The most important and potentially fatal complication 
related to EBV is the post-transplant lymphoproliferative 
disorder (PTLD), which is defined on the basis of the histo-
logical criteria. PTLD represents a continuum of atypical 
lymphoid proliferations, ranging from lymphoid hyperplasia 
to malignant lymphomas, typically but not exclusively of 
B-cell origin.

The overall reported incidence of PTLD varies between 3 
and 18%, with a mortality rate previously peaking at 60%, 
but nowadays ranging between 10 and 12% [3, 5–8].

In the North American centres of the SPLIT Consortium, 
comparing the periods 2002–2007 and 1995–2001, the inci-
dence of symptomatic EBV infection and PTLD decreased 
from 11.3% to 5.9% and from 4.2% to 1.7%, respectively. 
This reduction seems to be related to an increased attention 
to immunosuppression, with most centres maintaining lower 
trough levels of both cyclosporine A and tacrolimus in the 
first months after LT [4].

Acknowledged risk factors for developing PTLD are the 
EBV seronegativity at LT, young recipient age, older donors, 
high levels of immunosuppression and the use of lymphocyte-
depleting agents [3, 4, 9].

The majority of PTLDs in children occur within the first 
2 years after LT (early PTLD), and this is related to EBV 
acquisition and intensive T-cell suppression [10, 11]. It can 
be said that 90% of childhood PTLDs are EBV-related and 
early-onset. Late-onset PTLD can occur in paediatric LT 
recipients as a consequence of lifelong immunosuppression 
and represents less than 10% of cases. Late forms present 
more frequently as disseminated, often monomorphic, dis-
ease, sometimes EBV-negative. Late PTLD tends to be less 
responsive to the sole immunosuppression reduction, dis-
playing a worse clinical course. In a study carried out by our 
group, it has been shown that late PTLD seems to be related 
to sustained, long-term EBV detection in blood, although at 
low viral loads. The study concluded that long-term monitor-
ing of EBV-PCR until negativisation is recommended to pre-
vent or promptly diagnose late PTLD [12].

The current World Health Organization (WHO) classifi-
cation recognises four types of PTLD:

–– Early lesions: almost invariably represent the histologic 
picture of the early PTLD, with reactive infectious 
mononucleosis-like plasmacytic hyperplasia, always 
EBV-positive, occurring at the time of primary 
immunoconversion.

–– Polymorphic PTLD: defined by the concomitant presence 
of monoclonal EBV-positive B lymphocytes and poly-
clonal T cells.

–– Monomorphic PTLD: this includes different subtypes. 
The vast majority are of B-cell origin and have large simi-
larities with diffuse large B-cell lymphoma (DLBCL-like 
or PT-DLBCL). Burkitt and Burkitt-like lymphomas are 
less common, while the plasmablast/immunoblast lym-
phoma is exceptional.

–– A fourth type encompasses Hodgkin’s-like lymphoma, 
plasmacytoma-like PTLD and T-cell neoplasms.

The classification of PTLD lesions is summarised in 
Table 34.1. This classification has important implications for 
treatment, allowing a risk-adapted management of PTLD 
that—along with a high index of suspicion and surveillance—
is the most effective strategy to reduce PTLD lethality.

Due to its importance in the EBV burden after solid organ 
transplantation, the following sections will discuss PTLD.

34.2.2	 �Pathophysiology of PTLD

Following EBV infection, the immunocompetent host devel-
ops a cytotoxic T-lymphocyte response to the viral proteins 
exposed on EBV-infected B lymphocytes [13]. After serocon-
version, a lytic response leads to viral clearance, followed by 
a memory T-cell response. In the immunosuppressed patient 
failing to clear the infection, the EBV is capable of promoting 
the germinal centre T-cell-dependent pathway and starting 
different types of latency, resulting in a variable degree of 
resistance to apoptosis. This results in the proliferative stimu-
lus to the activated B-blast (mainly mediated by LMP1 and 
EBNA2 expression) but also in the latent infection of the ger-
minal centre blasts, in which EBV latency proteins lead to a 
failure in deleting low-affinity B-cell receptor clones that 
become immortalised. The resulting cells become differenti-
ated mainly into memory B cells but also into plasma cells. 
The latter allow viral lytic replication, which is important for 
lymphomagenesis, especially for the early stages [14, 15].

Table 34.1  Classification system for post-transplant lymphoprolifera-
tive disorder (PTLD)

Grading Description
0 EBV lymphadenitis, hepatitis, not classified as PTLD
1 Early lesion, low-grade mononucleosis, plasma cell 

hyperplasia
2 Polymorphic, diffuse B-cell hyperplasia (PDBH) and 

polymorphic B-cell lymphoma (PBC)
3 Monomorphic or lymphomatous PTLD or lymphoma, 

immunoblastic lymphoma (IBL), diffuse large B-cell 
lymphoma (DLBCL) or diffuse small cell noncleaved 
(Burkitt-like)

4 Other Hodgkin’s-like PTLD, plasma cell lesions, 
plasmacytoma, T-cell PTLD

Adapted from Harris NL et al.
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Different EBV proteins are involved in the complex 
mechanism of PTLD, from B-cell hyperplasia to malig-
nancy. LMP1 is analogous to CD40 and promotes cell 
transformation by inducing the NF-kB pathway, with con-
sequent upregulation of BCL-2 and other genes involved in 
blocking apoptosis; nuclear EBNA1 and EBNA2 warrant 
viral episomal DNA replication and selective cellular and 
viral gene expression, respectively; LMP2 acts as a chroni-
cally active B-cell receptor and provides further survival 
signals [16].

The most common malignant PTLD subtype is the diffuse 
large B-cell lymphoma (PT-DLBCL), followed by Burkitt 
lymphoma (PT-BL) and plasmablastic lymphoma (PT-PBL). 
EBV-driven disruption of B-cell maturation is displayed in 
Fig. 34.1. However, around 10% of EBV-negative and a few 
T-cell origin post-transplant lymphomas have a different 

pathogenesis. Mechanisms that contribute to both EBV-
positive and EBV-negative lymphomas are T-cell suppres-
sion, microsatellite instability, epigenetic alterations (such as 
hypermethylation and aberrant up- or downregulation of host 
microRNAs) and host polymorphisms in genes related to 
immune response.

34.2.3	 �Diagnosis

Since symptoms can be non-specific, the diagnosis of PTLD 
relies on a high index of suspicion. The lymphoid tissue 
involvement of diverse organs accounts for the heterogene-
ity of localisations and clinical signs, ranging from pharyn-
gitis and/or Waldeyer ring enlargement to gastrointestinal 
symptoms.
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Fig. 34.1  Pathogenesis of the Epstein-Barr virus-mediated hyperpla-
sia and malignancy in post-transplant lymphoproliferative disorder 
(PTLD). EBV exploits the normal B-cell activation pathway but suc-
ceeds to induce proliferation due to protein expression patterns. The 
activated EBV-infected blasts that enter the germinal centre (GC) 
express viral latency III pattern (LMP1+/EBNA2+), undergoing prolif-
eration. Likewise, in the GC, latency II (LMP1+/EBNA2−) pattern is 
expressed by infected centroblasts undergoing somatic hypermutation 
and class switch recombination for antibody maturation. The selected B 

cells differentiate into plasma cells (that provide lytic phase that per-
petuates the cycle) or memory cells (latency I, EBNA1+ or latency 0, no 
expression of viral proteins). The failure to control the EBV-associated 
proliferative stimulus by the immune system results in a spectrum of 
dysplastic and malignant B-cell subtypes that have features of their nor-
mal counterpart. EBV Epstein-Barr virus, GC germinal centre, BCR 
B-cell receptor, DLBCL diffuse large B-cell lymphoma, BL Burkitt 
lymphoma, PBL plasmablastic lymphoma. Adapted from [16]
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Along with the clinical clues, the availability of viral 
nucleic acid monitoring has become a great tool to manage 
this complication. The viral load (measured in PBMC or in 
whole blood) is reliably correlated with the risk of develop-
ing symptomatic EBV infection and PTLD [17, 18]. 
However, EBV viral load, while useful to monitor EBV 
infection, is unable to reliably support the diagnosis of 
PTLD. Indeed, high viremia can be detected in the absence 
of PTLD, while, conversely, PTLD can be associated with 
low or even undetectable EBV viral loads, especially when it 
occurs in protected sites such as the graft itself or the gut. 
Furthermore, rather than the viremia per se, a more specific 
immune response conferring a substantial risk of developing 
PTLD is the high viral replication associated with a low 
number of anti-EBV cytotoxic T lymphocytes [19, 20].

The symptoms heralding PTLD are summarised in 
Table 34.2. The clinical presentation is often subtle and non-
specific, with typically no or little involvement of peripheral 
lymph nodal stations. PTLD should be suspected in the case 
of otherwise unexplained fever, malaise or failure to thrive in 
a transplanted child, especially in the first year after LT or 
under augmented immunosuppression. Children with high or 
rapidly increasing EBV viral load, in the presence of physi-
cal signs or cytopenia, should also be considered at high risk 
of having PTLD. Clinical signs can be a mononucleosis-like 
syndrome, abdominal pain with or without diarrhoea or neu-
rologic symptoms.

Imaging has a paramount role in confirming the suspicion 
of PTLD or staging a confirmed disease. Ultrasound has a 
limited role, while a neck, chest and/or abdominal CT or MR 
scan should be used as first-line tools as soon as the suspi-
cion arises, since they can identify occult lesions amenable 
to tissue sampling.

In fact, histology is the pillar of the diagnosis of 
PTLD.  Beyond the bulky lesions, histological evidence of 

the disease can be obtained from intestinal biopsies (early 
gastrointestinal endoscopy should be performed in case of 
even mild gastrointestinal symptoms or hypoalbuminemia 
due to protein-losing enteropathy) or from the graft, if evoked 
by specific clues. Histological analysis should always 
encompass in situ hybridisation to detect EBV-encoded 
small RNA (EBER), to confirm the disease is EBV-related, 
and CD3/CD20 stain for disease subtyping.

34.2.4	 �Treatment Algorithm

The basis of the treatment of PTLD are firstly restoring the 
cytotoxic T-lymphocyte immune response against the EBV 
and secondly targeting B-lymphocyte proliferation.

As for the first point, reduction or weaning of the immu-
nosuppression is of great importance in controlling the lym-
phoproliferative modifications. This intervention is the gold 
standard for the early (usually polyclonal) PTLD, where it 
helps avoiding unnecessary medications, though exposing 
the patient to increased risk of rejection. The proportion of 
adult patients undergoing complete remission with this mod-
ulation alone shows a variation from 23 to 86% [21], reflect-
ing the heterogeneity of the disease. Patients with 
monomorphic disease, or those having a poorer prognosis 
for disease extent or worse general conditions, are assigned 
to a more aggressive treatment.

Strategies to counteract B-cell proliferation are mainly 
based on the use of anti-CD20 antibodies and of cytore-
ductive chemotherapy regimens. Since the early 2000s, the 
availability of the humanised, chimeric anti-CD20 anti-
body rituximab has revolutionised the treatment of 
PTLD. Seventy percent of children who had an haemato-
poietic stem cell transplant (HSCT) and 64–84% of chil-
dren undergoing a solid organ transplantation have 
prolonged disease-free survival after rituximab therapy, 
with better outcomes when this treatment is associated 
with immunosuppression reduction [22].

The association of rituximab with different low-dose che-
motherapy regimens has been reported to warrant more 
robust results in children with PTLD, with an overall sur-
vival rate of between 83 and 86% and a 2-year event-free 
survival of 67–71% [11]. On the other hand, adding even a 
minimal cytoreductive regimen to rituximab leads to a non-
negligible toxicity, essentially related to infections: 
chemotherapy-related mortality was 5–6% in two paediatric 
trials [11] and 11% in an adult trial [23], while it can be up to 
50% for more intensive protocols [24, 25].

Thus it is important to identify prognostic factors defining 
patients not responding to rituximab that benefit from the 
addition of cytoreductive chemotherapy. Only few studies 
have translated this concern into a step-by-step approach to 
paediatric PTLD. In the non-randomised, response-adapted 

Table 34.2  Clinical signs of post-transplant lymphoproliferative dis-
order (PTLD)

Systemic symptoms Unexplained fever or night sweats
Malaise
Weight loss
Sore throat
Headache or focal neurologic symptoms

General and organ-
specific signs

Pallor
Lymphadenomegaly
Tonsillar enlargement
Focal neurologic signs
Mass lesions
Subcutaneous nodules
Diarrhoea, abdominal pain, 
gastrointestinal bleeding
Nausea and vomiting
Hepatosplenomegaly
Jaundice, graft dysfunction
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German trial in CD20+ PTLDs after SOT, children with no 
response to rituximab were allocated to a moderate six-cycle 
chemotherapy regimen (mCOMP: vincristine, prednisone, 
cyclophosphamide and methotrexate). Fifteen out of 49 chil-
dren in the trial required mCOMP. Complete remission was 
achieved in ten cases; further, more intensive chemotherapy 
was required in four cases, and only one child died from che-
motherapy toxicity. Complete remission was achieved also 
in 81% of the children who were treated with rituximab 
alone, and the overall survival was 86% (PedPTLD).

Another study was conducted in Bergamo to prospec-
tively evaluate a risk-adapted approach to PTLD after diverse 
paediatric SOT.  In this study children with severe PTLDs 
(monomorphic or multiorgan disease, or not responding to 
immunosuppression withdrawal) were stratified according to 
the disease risk. Only high-risk patients (based on histology, 
staging, general functioning and LDH level) were treated 
with a reduced-intensity polychemotherapy, with overall sat-
isfactory outcomes (overall and disease-free survival: 82% 
and 75%, respectively) and no mortality due to antineoplas-
tic toxicity [8].

The proposed risk-adapted treatment algorithm for paedi-
atric PTLD shown in Fig.  34.2 is designed to minimise 
patients’ overtreatment, considering that:

–– Rituximab treatment alone is relatively safe but is associ-
ated with a high rate of disease progression [23].

–– Mortality from toxic effects of cytoreductive agents is 
substantial, also adopting sequential approaches with 
rituximab and low-dose chemotherapy [23].

–– Rituximab effectiveness could be underestimated by 
some study endpoints, due to delayed effect.

In brief, patients with PTLD can be managed with wean-
ing of immunosuppression in case of polymorphic, localised 
disease. On the contrary, patients with a monomorphic his-
tology, involvement of more than one organ or bone marrow, 
with a poor performance status or failing to respond to previ-
ous tapering of immunosuppression are considered affected 
by a more aggressive form and treated with rituximab. 
Furthermore, those with a disseminated disease (stage III or 
IV) and those with higher LDH levels are considered at 
higher risk and treated with an additional reduced chemo-
therapy protocol.

Other treatments have a marginal role. Antivirals have an 
impact only on the lytic phase of the viral cycle, which has a 
limited role in lymphoid hyperplasia. In any case there is no 
evidence that antivirals can improve the outcome of PTLD 
when used as adjunctive treatment [26].
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Fig. 34.2  Risk-adapted treatment algorithm for paediatric post-
transplant lymphoproliferative disorder (PTLD) in solid organ trans-
plantation. *Severe PTLD was diagnosed in the presence of at least one 
of the following criteria: (1) involvement of more than one organ, (2) 
involvement of the bone marrow, (3) organ dysfunction, (4) poor per-
formance status, (5) monomorphic histology and (6) benign PTLD not 
responding to 3 weeks of immunosuppression withdrawal. **High-risk 

PTLD was diagnosed in the presence of at least two of the following 
criteria: (1) stage III or IV, (2) monomorphic histology, (3) poor perfor-
mance status and (4) LDH ≥2 times the upper normal level for age (or 
≥1000 IU/L). IS immunosuppression. In our centre, polychemotherapy 
includes blocks of fludarabine, cyclophosphamide, doxorubicin and 
rituximab (FCD-R) and reduced-intensity Berlin-Frankfurt-Münster 
(BFM) blocks for a maximum of six blocks
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Since PTLD is a systemic disease, surgery and radiother-
apy are useful only in selected cases, such as intestinal per-
forations (on intestinal localisations), or mass effect in 
central nervous system localisations.

Cell therapy strategies have been utilised to explore the 
competence of donor-derived and third-party EBV-specific T 
cells to restore the immunity against EBV, with promising 
but not definite results [27]. Another strategy is represented 
by the ex vivo production of EBV-specific T cells from autol-
ogous PBMC, obtained via the stimulation with lymphoblas-
toid cells as antigen-presenting cells [28]; however the 
limitation here is that these cells may not be rapidly available 
for a prompt clinical use.

34.3	 �CMV Infection and Disease

34.3.1	 �Clinical Pictures and Epidemiology

Cytomegalovirus (CMV) represents the most frequent 
opportunistic infection and a major threat in solid organ 
transplantation, especially in children. Because about 60% 
of adult donors have prior exposure to the virus, and most 
paediatric recipients receive an adult liver, the transplanted 
organ is often the source of infection.

In the absence of preventative measures (and similarly to 
EBV), the incidence of CMV infection (primary infection, 
reinfection or reactivation, defined as the detection of viral 
proteins or nucleic acid in any body fluid or tissue speci-
men), in this setting, depends mostly on the serological 
donor and recipient status. It is rare (1–2%) in case of both 
donor and recipient seronegativity; it occurs in 20–60% of 
the seropositive recipients as a reactivation, while almost all 
of the seronegative recipients receiving organs from sero-
positive donors get infected [29].

Another factor that has an impact on the risk of CMV 
infection and disease is the type of immunosuppression: the 
risk is greatest with lymphocyte-depleting agents and 

increased with the prolonged use of steroids and mycophe-
nolic acid, when compared to standard tacrolimus 
monotherapy.

CMV infection in most cases has an asymptomatic course. 
However, about 20–30% of the infected patients develop a 
CMV disease, defined as the occurrence of consistent symp-
toms or tissue injury due to CMV [30, 31]. When overt, 
CMV disease most often causes a flu-like syndrome with 
fever, malaise, arthralgias and cytopenia. The virus can also 
cause direct injury to a wide range of target organs and tis-
sues, due to its broad tropism. CMV is typically associated 
with colitis, retinitis, interstitial pneumonia and CNS disease 
with encephalitis, as well as other manifestations that are 
listed in Table  34.3. Importantly, CMV frequently causes 
graft hepatitis that resembles acute rejection. Beside these 
direct effects, it has been demonstrated that CMV replication 
is associated with “indirect” immunomodulatory effects ulti-
mately leading to an increased risk of acute and chronic 
rejection, thrombotic events, opportunistic infections and 
PTLD [32, 33].

The combination of CMV infection and disease, in the 
absence of preventative measures, has been associated with 
a threefold higher risk of death or graft loss at 5 years post-
LT [34–37].

34.3.2	 �Pathophysiology

CMV was historically perceived as a mild, slowly replicating 
virus capable of causing disease only in the presence of 
immune system impairment. However now it is regarded as 
a complex infection involving humoral and cellular, innate 
and adaptive immune responses.

CMV infection initially triggers innate immunity via the 
interaction of glycoprotein B- and Toll-like receptors and 
induces macrophage TLR4 and TLR5 ligand expression 
and TNF-alpha, IL-6 and IL-8 production. In parallel, NK 
cells stimulate the expression of IFN-gamma by effector 

Table 34.3  Direct and indirect effects of cytomegalovirus in transplant recipients

Direct effects Indirect effects
CMV syndrome Fever Acute cellular rejection

Malaise Chronic rejection VBD syndrome
Myelosuppression Hepatitis

Tissue-invasive CMV disease Colitis, enteritis Fibrosis
Hepatitis Graft failure
Retinitis Vascular thrombosis
Pneumonia/RDS Opportunistic/secondary infections Fungal
Meningitis, encephalitis Nocardia
Carditis Viruses (HHV6, EBV)
MOF, death PTLD

CMV cytomegalovirus, RDS respiratory distress syndrome, MOF multi-organ failure, VBD vanishing bile duct, HHV6 human herpesvirus 6, EBV 
Epstein-Barr virus, PTLD post-transplant lymphoproliferative disorder. Modified from Marcelin JR et al.
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cells and express Ig-like receptors which are relevant to 
viral control [38].

Turning to adaptive responses, the importance of humoral 
immunity is witnessed by the higher risk of developing CMV 
infection by seronegative recipients. However, pre-existing 
anti-CMV IgG may not protect from the strains introduced 
by the transplanted organ: among seropositive recipients, 
receiving a seropositive organ still increases the risk of CMV 
infection by threefold.

Finally, sustained control of CMV infection requires an 
adequate cellular response, as demonstrated by the crucial 
role of CMV-specific CD4 and CD8 cells in preventing CMV 
viremia and disease [39].

Data regarding the relationship between CMV infection 
and allograft tolerance are scarce and conflicting. Until 
recently, reports emphasised the correlation between CMV 
infection and disease and acute cellular rejection of the 
allograft, especially the liver [40], possibly as a consequence 
of the cross-reactivity of CMV-specific T-cell clones with 
allogeneic HLA molecules [41]. More recently, the link has 
been questioned, since most studies have not found an 
increased risk of acute rejection in CMV-infected patients 
[42–44] nor demonstrated a graft tolerogenic effect by the 
virus [45]. According to these latter findings, the hypore-
sponsiveness against the liver allograft would be accompa-
nied and possibly caused by the relative shortage of 
donor-specific CD8 cells in liver allografts and by the higher 
Vdelta1/Vdelta2 γδ T-cell ratio, which is associated with 
operational tolerance [45].

34.3.3	 �Diagnosis

The diagnosis of CMV infection is based on the isolation of 
the virus or detection of viral proteins or nucleic acid in any 
body fluid or tissue specimen, regardless of symptoms. 
Nowadays, the best method is to use CMV-DNA detection 
via quantitative PCR.  Both whole blood and plasma have 
proven suitable to determine and monitor the viral load and 
to provide prognostic information on the infection course 
[46]. However, decisional cut-off values in solid organ 
recipients have been better evaluated for whole blood sam-
ples [47–49]. Recently, the World Health Organization has 
released an international standard for CMV nucleic acid 
amplification technique (NIBSC 09/162) to homogenise the 
quantitative results worldwide.

Detection of the structural protein pp65 has lost impor-
tance, since it is technically more difficult and less precise 
than quantitative PCR and requires longer turnaround times. 
However, the equivalence between the two techniques is 
widely acknowledged.

CMV disease is defined as the evidence of infection in the 
presence of consistent symptoms, such as CMV syndrome 

(fever, malaise and myelosuppression) or proven CMV 
tissue-invasive disease (detection of CMV by immunohisto-
chemical analysis and relevant histologic features on tissue 
biopsies, which are confirmed by in situ hybridisation or 
demonstration of CMV-DNA).

34.3.4	 �Treatment Algorithm

The goal of the anti-CMV management in the LT setting is to 
prevent overt disease and related complications. To achieve 
this result, two major strategies are currently employed: pro-
phylaxis and preemptive therapy.

In the past, prophylaxis has been the most widely used 
approach and still remains the most used strategy by both the 
North American and the European paediatric transplant net-
works [50]. It consists of administering an antiviral agent 
(mainly ganciclovir or its orally absorbed prodrug valganci-
clovir) soon after LT to all, or only to high-risk, recipients 
regardless of the development of viremia, for a certain period 
of time. Undisputed advantages of this approach are that 
viral monitoring is not needed and infection does not develop 
soon after transplantation.

Preemptive therapy consists of administering the antiviral 
agents only in children with documented replication at an 
established viral load cut-off and continuing it till the obtain-
ment of CMV-DNA clearance. The advantages of this 
approach are the reduced use of antiviral agents and the fact 
that a natural adaptive response is more rapidly achieved.

The pros and cons of each preventative strategy are 
showed in Table  34.4. However, any decision to choose 
either options should take into account the following issues:

–– Overall outcomes do not differ between children who 
are managed with preemptive protocols and prophylaxis 
in terms of CMV disease incidence, graft-related 

Table 34.4  Comparison between prophylaxis and preemptive therapy 
against cytomegalovirus

Prophylaxis Preemptive therapy
Early viremia/infection Rare Common
Late infection Common Rare
Prevention of CMV 
disease

Good efficacy Good efficacy

Resistance Uncommon Uncommon (if 
weekly monitoring)

Feasibility High Needs CMV-DNA 
monitoring

Prevention of indirect 
effects

Unclear Unclear

Costs Drug costs Monitoring costs
Drug exposure High Reduced
Graft survival May improve May improve

Modified from Kotton C, et al.
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complications, graft loss and death, both in adults and 
children [44, 51, 52].

–– Prophylaxis delays, but does not reduce, the overall infec-
tion rate by 200  days after LT (see Fig.  34.3, data of 
Bergamo Hospital) [44].

–– Subclinical infection—which necessarily occurs with the 
preemptive approach—does not increase per se either the 
risk of acute cellular rejection nor that of other putative 
CMV indirect effects and has no effect on all causes of 
graft loss and death [44].

–– Preemptive therapy is associated with less antiviral use, 
shorter length of hospitalisation and lower costs [44, 53].

–– Virologic monitoring with acceptable turnaround time is 
a prerequisite for preemptive strategy.

Possible alternative preventative regimens recommended 
from the latest published guidelines are displayed in 
Table 34.5 [54]. In Bergamo, preemptive therapy is started at 
100,000 CMV-DNA copies/mL (about 160,000  IU/mL) in 
whole blood samples (a cut-off established in a pilot study), 
regardless of the donor/recipient serostatus. This protocol 
has  resulted in about 60% CMV infections and about 3% 

diseases, with no lethality associated to the virus. These 
results are similar to those recorded in other centres [31, 44, 
52, 53]. Patients developing CMV disease are immediately 
treated with ganciclovir 5 mg/kg/dose every 12 h for at least 
2  weeks and until resolution of symptoms and confirmed 
negative viremia. Other agents, such as foscarnet or cidofovir, 
are restricted to cases of suspected or confirmed resistance.

34.3.5	 �Management of CMV Antiviral 
Resistance

Drug resistance is defined as a viral genetic change that 
reduces the susceptibility of the virus to one or more antivi-
ral drugs; it can present as a persistent or increasing viral 
load or the occurrence of symptoms despite adequate antivi-
ral therapy [54]. The risk of harbouring resistance is present 
with both prophylaxis and preemptive protocols and is 
higher if the patient lacks pre-existing anti-CMV antibod-
ies, in the case of highly immunosuppressed patients, or 
with inadequate antiviral drug delivery. Ganciclovir resis-
tance has been reported to range from 5 to 12% in all solid 
organ transplant recipients [55–57], but it can be as high as 
18 and 31% in lung and in intestinal transplant recipients, 
respectively [58–60]. The rate of viral resistance of other 
antiviral drugs is not well defined.

Patients who fail to achieve a substantial decrease in viral 
load after 2 weeks of treatment should be tested for resis-
tance, especially if they have received a cumulative ganci-
clovir treatment longer than 6  weeks. Nowadays, the 
genotypic assay for viral resistance mutations in the UL97 
kinase and UL54 DNA polymerase is the gold standard for 
the diagnosis. Interpretation of genetic testing should be 
conducted by an expert virologist. However, it is important 
to understand that the seven most common mutations in 
UL97 account for 80% of resistance pattern and that muta-
tions in this gene do not confer cross-resistance to other 
drugs. On the other hand, mutations in UL54 occur in more 
conserved domains, and cross-resistance to foscarnet, cido-
fovir or both is likely.

For some low-grade resistance mutations (those that 
increase by two- to fivefold the drug concentration reducing 
viral growth by 50% [EC50]), doubling the ganciclovir dose 
may be sufficient and reduces the immunosuppression, if 
feasible. In other cases, a drug switch guided by the resis-
tance test is recommended.

Alternative antiviral drugs are mainly foscarnet and cido-
fovir. Many other treatments are in development. Maribavir 
has succeeded as a salvage therapy in extensively resistant 
cases [54]. Letermovir is a potent UL56 terminase inhibitor 
and is being tested in prophylaxis regimens and as a rescue 
treatment in cases of resistant strains [61].

P = 0.410
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Fig. 34.3  Kaplan-Meier curve comparison showing the rate of cyto-
megalovirus (CMV) infection in patients managed with universal pro-
phylaxis (UP) or preemptive therapy (PET) against cytomegalovirus. 
Although patients treated with UP get infected slightly later, by 
100 days after transplantation, the rate of infection in the two groups is 
equal (see [44])

Table 34.5  Recommended preventative regimens against cytomegalo-
virus disease after LT in children

Serostatus Risk level Recommended Alternative
D−/R− Low Monitoring of clinical 

symptoms
Preemptive 
therapy

D−/R+
D+/R+
D+/R−

Intermediate 
to high

2–4 weeks of GCV/
VGCV with 
surveillance after 
prophylaxisa

3–4 months 
of VGCV
Preemptive 
therapy

D donor, R recipient, GCV ganciclovir, VGCV valganciclovir
Modified from Kotton C, et al.
aConsider prolonged prophylaxis if T-cell-depleting agents
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