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Abstract

The CMV Symposium in September 2021 was an international conference dedicated

to cytomegalovirus (CMV) infection after solid organ or hematopoietic stem cell trans-

plantation. This review provides an overview of the presentations given by the expert

faculty, supplemented with educational clinical cases. Topics discussed include CMV

epidemiology and diagnosis, the burden of CMV infection and disease, CMV-specific

immunity and management of CMV in transplant settings. Major advances in the pre-

vention and treatmentofCMV in thepast decadeand increasedunderstandingofCMV

immunity have led to improved patient outcomes. In the future, management algo-

rithmsmay be individualized based on the transplant recipient’s immune profile, which

will mark the start of a new era for patients with CMV.
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1 INTRODUCTION TO THE MEETING AND
CYTOMEGALOVIRUS

1.1 Meeting overview

There have been major advances in the prevention and treatment of

cytomegalovirus (CMV) in the past decade, which has resulted in a

Abbreviations: AD, antigenic domain; APC, antigen presenting cell; CD, cluster of

differentiation; CMI, cell-mediated immunity; CMV, cytomegalovirus; CMVIG,

cytomegalovirus immunoglobulin; D, donor; ELISA, enzyme-linked immunosorbent assay; gB,

glycoprotein B; GvHD, graft-versus-host disease; HGG, hypogammaglobulinemia; HLA,

human leukocyte antigen; HSCT, hematopoietic stem cell transplant; IFN, interferon; IG,

immunoglobulin; MHC, major histocompatibility complex; NK, natural killer cell; QNAT,

quantitative nuclear assay test; R, recipient; RIA, radioimmunoassay; SOT, solid organ

transplant; TAP, transporter associated with antigen processing; VST, virus-specific T cell.
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major impact given the significant burden of CMV in both hematopoi-

etic stem cell transplant (HSCT) and solid organ transplant (SOT)

settings. The International CMV Symposium took place in Amsterdam,

The Netherlands in September 2021 and provided a valuable forum

for delegates, attending in person or virtually, to share insights and

ideas about the future of CMVmanagement. Themain aimof themeet-

ing was to discuss best CMV prevention methods and how to improve

treatment outcomes in transplant settings. An international faculty led

the discussions during the meeting and encouraged debate and collab-

oration. This article will review the presentations and discussions at

this meeting, covering the topics of burden of CMV infection and dis-

ease, the consequencesofCMV infection in transplant settings, and the

current and futuremanagement of CMV.
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1.2 CMV and the importance of immune evasion
in the transplant setting

CMV is a unique virus, termed “confoundomegalovirus” by Hans H.

Hirsch because of its ability to persist in long-lived cells of the myeloid

lineage and to reactivate and to aggravate clinical conditions linked

to innate and adaptive immune activation. The strong host immune

response elicited by CMV is usually able to curtail viral replication

effectively, but the virus also uses several immune-evasion strategies,

permitting lifelong latency. In healthy individuals a dynamic balance

is maintained between host control and CMV replication.1 However,

CMV becomes of clinical relevance when there is significant inflamma-

tion, stress or the need to use drugs for stabilizing critically ill-patients

(i.e., those acting via the cyclic adenosine monophosphate/protein

kinase A pathways) since they promote CMV immediate early gene

expression and hence viral replication in CMV-harboring immune

cells.2 CMV reactivation is regularly controlled by cytotoxic CD8 T-

cells; however, in patients treated with immunosuppressants, such as

in the transplant setting, both the failing immune control and the stimu-

latedCMV replication shift the net balance toward clinically significant

reactivation. These events can occur locally in the affected organ com-

partment and may go undetected by molecular viral load testing in the

blood. Thereby CMV contributes to direct and indirect effects locally

and systemically, both of which may be altered by antiviral drugs given

for prophylaxis or as preemptivemanagement.

Martina Sester described that the classical major histocompatibil-

ity complex (MHC) antigen presentation pathway is targeted by CMV

at multiple conserved processes. In CD8+ cells specifically, viral CMV-

produced US2 and US11 proteins dislocate MHC class I heavy chain

molecules from the endoplasmic reticulum to the cytoplasm, expos-

ing the host proteins to proteasomal degradation, preventing viral

presentation and detection by the host immune cells.3 Viral US10

also plays a pivotal role in immune evasion, delaying maturation of

MHC class I molecules and degradation of human leukocyte antigen

(HLA)-G molecules (a natural killer cell inhibitory receptor ligand).

Host peptide loading mechanisms are targeted via viral US6 action on

the transporter associated with antigen processing protein (TAP) and

US3 inhibition of tapasin, preventing MHC molecule translocation to

the endoplasmic reticulum and cell surface expression. These evasion

methods culminate in a large population of CMV-specific T cells being

required to control CMV. In transplant patients, this is reflected by a

large number of CMV-specific T cells being detectable.4

1.3 Risk of CMV in transplant settings

Per Ljungman reminded delegates that a CMV-positive recipient com-

ing in for HSCT has a lower chance of survival than CMV-negative

individualswhenother factors (i.e., age) are taken into consideration.5,6

This impact on survival can either be a direct consequence of CMVdis-

ease (i.e., end-organ disease or systemic viral infection) or an indirect

outcome resulting from an increased risk of opportunistic bacte-

rial, viral or fungal infection, graft rejection, thrombotic events, or

cardiovascular disease.7–10

Poor survival is not only associated with CMV status in the recipi-

ent, as using stem cells from a CMV-positive donor in a CMV-negative

recipient also increases the risk of mortality.11 Per Ljungman set the

tone of the symposium early by engaging the delegates in discussion

during the first presentation of themeeting. He askedwhere CMV sta-

tus would fit in the hierarchy of risk when transplanting cells from a

CMV-negative donor into a CMV-positive recipient. He suggested that

HLA matching would be at the top of the list, but queried whether

the importance of CMV status was as well established. Given the

potentially high burden of CMV in HSCT recipients, it is important to

remember that CMV can be prevented either by prophylaxis (using

antiviral therapies in either all patients or in subgroups deemed at

high risk of disease) or by use of pre-emptive treatment (early diagno-

sis of viral replication and prescription of antiviral therapy before the

appearance of clinical disease).12

When discussing effective management of CMV in HSCT and SOT

recipients, an additional consideration is the need to balance use

of immunosuppressants with risk of infection and disease progres-

sion. Nicolas Mueller explained that, in the HSCT setting, patients on

immunosuppressants post-transplant were most at risk of viral infec-

tion, with herpes viruses (although not solely CMV) being the most

prevalent.13 In contrast, SOT recipients are most likely to have bac-

terial infections with viral infections occurring infrequently.14 The

increasing use of biological agents for a range of diseases that also sup-

press the immune system means that transplant recipients may have

a risk profile for CMV infection independent of the risk associated

with transplant. Nicolas Mueller concluded by advocating for a thor-

ough evaluation, including a detailed history and screening for viruses,

prior to initiating infection prevention strategies, in order to optimize

patient outcomes.

1.4 Testing for CMV in transplant settings

It is clear establishingCMVstatus in both recipient and donor is pivotal

to understanding the risk of disease development. Gabriele Baumann

described how CMV can be detected, the pros and cons of different

methodologies and also introduced the concept of monitoring cell-

mediated immunity (CMI) to guide disease management. Key points

about testing for CMV and CMI discussed by Gabriele Baumann are

summarized in Table 1.12,15

2 CMV IN THE TRANSPLANT SETTING—WHERE
ARE WE NOW?

2.1 Is CMV still a major problem in HSCT?

Numerous risk factors have been identified that increase the chance

of a recipient developing CMV disease following HSCT. The recipient’s
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TABLE 1 When and how to test for CMV12,15

Virus detection Assess andmonitor immune response

Rationale for

testing

To predict risk of CMV after transplant and to guide

decisions onmanagement. Post-transplant, decline in

viral load indicates clinical resolution of CMV

infection while a rise/minimal decline suggests

refractory or drug-resistant CMV

To assess evidence of prior CMV infection

To predict risk of CMV infection post-transplant and

risk of CMV infection at the end of prophylaxis

To determine the need for secondary prophylaxis or

predict risk of CMV relapse

What to test? Virus: viral proteins (antigens), nucleic acids Antibodies: serological assays (ELISA, RIA)
CMI: cytokine release, specifically IFNγ from cells

following stimulationwith CMV-specific antigens

Who to test? Recipients Donors (antibodies)

Recipients (antibodies, CMI)

What tests are

available

Viral proteins: antigenemia (detects pp65 antigen), Shell

vial assay, histopathology

CMV nucleic acid: QNAT

Cytopathic effect: cell culture of fibroblasts,
histopathology

Antibodies: serological assays (ELISA, RIA)
CMI: EliSpot (measures IFNγ, targets CD4+/CD8+),
ELISA (measures IFNγ, targets CD8+), flow
cytometry (measures IFNγ and CD69, targets
CD4+/CD8+)

When to test? QNAT: test weekly post-transplant for the first
12weeks and as frequently as weekly thereafter to

monitor response to antiviral treatment. This is

preferred over antigenemia as it is more

standardized. QNAT can also be used to test for

active disease andmonitor treatment response

Pretransplant and post-transplant

Considerations WHO International Standard for human CMVhas

reduced the variability of CMVDNA results reported

on individual samples, but clinically relevant

variability persists preventingmeaningful

inter-assay comparisons

Serology
∙ IgM is not recommended routinely due to false

positivity
∙ Use for CMV diagnosis after transplant is limited

CMI
∙ Thresholds are currently poorly defined for positive

and negative results
∙ Variability in CMV antigen stimulation protocols

exists
∙ Most of these tests are currently only for research

use

Abbreviations: CMI, cell-mediated immunity; CMV, cytomegalovirus; ELISA, enzyme-linked immunosorbent assay; IFN, interferon; QNAT, quantitative

nuclear assay test; RIA, radioimmunoassay.

and donor’s serological status and the graft type were just a few of

those discussed initially by Per Ljungman and later in the meeting by

Chieh-Lin Jerry Teng.

Given that various management options are now available, it is

important to assess the risk for CMV disease in order to guide man-

agement. Insights on risk in untreated individuals can be estimated by

looking at the control arms of HSCT clinical trials or by considering

real-worlddata. Per Ljungmanshowedclinical trial data estimating that

the incidence of CMV disease in HSCT was approximately 3% at day

100 after transplant,16 but higher rates have been reported in real-

world settings. For example, 10.5% of patients had CMV disease after

HSCT in the first year after transplant in a retrospective 12-year study

by Green and colleagues.17 Given the high rates of CMV disease, it is

therefore important to identify strategies to control CMV disease in

theHSCT setting. These strategies should focus on prevention of infec-

tion and reduction of viral replication, with Per Ljungman stressing

that treating established disease represents a failure of strategy.When

focusing on prevention, measures such as careful donor selection, use

of safe blood products and antiviral prophylaxis are appropriate and

effective strategies.

Fausto Baldanti highlighted the specific needs in immunocom-

promised patients in the HSCT setting, with CMV risks being par-

ticularly high in seropositive recipients (i.e., harboring latent CMV

infection).18 In the immunocompromised population, the reactivation

ofCMVfollowing treatmentpromotes selectionof drug-resistantCMV

strains19 due to reduced immune competence, and Fausto Baldanti

proposed that T-cell assays against CMV such as flow cytometry and

EliSpot may be appropriate approaches to determine T-cell immune

competence.20,21,22 Determining the best threshold for immunemark-

ers to allow accurate prediction of CMV risk and to inform subsequent

management will be a key factor in optimal utilization of these tests.

Centers without access to virus-specific tests can still assess immune

competence by monitoring T-cell count, as an absence of CD4/CD8-

positive T cells indicates the need for further investigation.
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2.2 Management of CMV in the HSCT setting

There is a clear role for using antiviral drugs prophylactically in indi-

viduals at risk of CMV disease.23 Per Ljungman highlighted the need

to assess the evidence carefully. Early studies demonstrated some

effectiveness with acyclovir and valaciclovir, and while ganciclovir and

foscarnet are effective, there are concerns relating to toxicity with

these agents in HSCT.24–26 However, he explained that letermovir

has been shown to result in a significant reduction in clinically sig-

nificant CMV infection in HSCT and also in all-cause mortality.5,27

All-cause mortality was an exploratory endpoint in the letermovir pro-

phylaxis study inHSCT recipients, and a significant difference between

letermovir and placebo was seen at Week 24 (10.2% and 15.9%,

respectively, p = .03).27 In a subsequent post hoc analysis of the data

set, the hazard ratio for all-cause mortality was .58 (95% confidence

interval .35–.98;p= .04) atWeek24.28 Additional data fromreal-world

studies are anticipated.

Corrado Girmenia provided an overview of the significant changes

to the management of CMV infection in HSCT recipients that have

been adopted since the introduction of letermovir. In the letermovir

era, the CMV serostatus of the recipient not only determines donor

choice and defines transplant risk but may also indicate the need

for letermovir prophylaxis. Several clinical studies have shown that

letermovir is able to reduce the rate of clinically significant CMV infec-

tion in high- and low-risk CMV-seropositive HSCT recipients,27,28 and

some real-world data are now available to support these findings.29

Despite these promising results, the impact of letermovir prophylaxis

onmortality is less clear, andmore long-term data are required.28

Recent international guidelines give a high level of recommendation

for letermovir prophylaxis in CMV-seropositive recipients following

HSCT.24 However, there are still several open issues in the manage-

ment of CMV after HSCT in the letermovir era including the man-

agement of low-level CMVDNAemia during letermovir prophylaxis.30

These increases in CMVDNA are often referred to as “blips.”

Blips during letermovir therapy was a topic addressed by Michele

Malagola who described how approximately 30% of HSCT recipients

will experience increased levels of CMV DNA during treatment.30

Where antiviral agents (e.g., ganciclovir) that target DNA polymerases

prevent the production of CMV DNA and release of infectious viri-

ons into the blood, letermovir acts by inhibiting terminases, which are

important for the production of virions but do not inhibit DNA syn-

thesis. The blips observed are non-infectious CMV DNA fragments

released into the blood resulting in CMV DNAemia blips and are an

expression of abortive infection.30 Corrado Girmenia suggested that

using early shell vial culture or DNAase tests can help when decid-

ing on whether to continue letermovir therapy (if tests are negative)

or start antiviral therapy with ganciclovir, valganciclovir or foscarnet

or immunotherapy (if test is positive).31 Where tests are not avail-

able, then it is necessary to wait to see if blips continue to occur

before making management decisions as treatment may not always be

necessary.

There was consensus that letermovir has transformed the way that

CMV is managed in HSCT patients, but experience sharing highlighted

that not all delegates have access to this therapy. Chieh-Lin Jerry

Teng described how low-dose valganciclovir provides a valuable option

in these situations. Historically Chieh-Lin Jerry Teng’s center in Tai-

wan managed CMV pre-emptively in HSCT recipients using antiviral

therapy for 2–3 weeks when CMV viremia was detected. Although

usually effective, antivirals such as ganciclovir can be associated with

hematological toxicities, and therefore, close monitoring is required.12

More recently, a prophylaxis approach using low-dose valganciclovir

has been adopted in the clinic and has been associated with a reduc-

tion in incidence of CMV infection from approximately 50% of patients

to 15% of patients.26 Chieh-Lin Jerry Teng concluded that there may

be a role for prophylaxis with low-dose valganciclovir, especially when

letermovir is not available, given the significant reduction in CMV

infection. Camille Kotton highlighted that there may be concern with

low-dose valganciclovir increasing the risk of resistant/refractoryCMV

infections, and this still needs further investigation.

As we learn more about CMV in the HSCT setting, a significant

number of unanswered questions and barriers remain. Per Ljungman

focused on one of the questions that he believes still needs to be

addressed: howcanHSCT recipientswith repeatedCMVreactivations,

graft-versus-host disease (GvHD) or frequent drug toxicity (“challeng-

ing patients”) be managed? He explained that he sees only two or

three patients per year in this category, with the management of most

patients being possible with standard drugs. For patients he sees with

challenging ongoing unmet needs, CMV is often accompanied with

poor T-cell control of CMV, emergence of resistant strains and an

increased risk of mortality. For this small group, a number of therapies

may be required. Ultimately all CMVmanagement decisions are based

on several factors individual to the patient including transplant history

(e.g., serology of the donor and recipient, conditioning, and age), GvHD,

immune reconstitution, tolerability to drugs, development of antiviral

resistance and the option to use immune therapy and, therefore, one

size does not fit all.

2.3 Understanding CMV risk in the SOT setting

Highermortality rates have been reported in SOT recipientswith CMV

compared with uninfected individuals.12 However, studies have not

yet been able to show that CMV prevention always reduces mortal-

ity rates.32 Nassim Kamar explained that this is perhaps not surprising

given the many confounding factors that place patients in the SOT set-

ting at an increased risk of mortality. It is unlikely that CMV alone can

explain the reduced survival rates. Aswell as causing direct effects (i.e.,

CMV syndrome and organ invasive disease), CMV infection results in

numerous indirect effects, with the total morbidity caused by the indi-

rect effects possibly exceeding that attributed to end organ disease.1

Hans Hirsch described that although direct and indirect effects are

usually considered separately thismay be oversimplifying the situation

as there is likely tobe someoverlap.Data fromL’Huillier et al. showthat

patientswhoultimately developCMV infection after SOThave blunted

inflammatory responses beforeCMVviremia is detected and therefore

may have an underlying risk of developing effects usually considered to

 13993062, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tid.13977 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 of 13 KOTTON ET AL.

be indirect; however, it is currently unclear if this is an inherent charac-

teristic of the patient or related to differingmedication profiles.7 CMV

hasalsobeen shown todirectlymodulateboth immunosuppressive and

immunostimulatory monocyte phenotypes, which could explain some

of the indirect effects seen.33

Using the heart transplant setting as an example, Nassim Kamar

described how organ recipients with CMV infection had increased

severity of graft atherosclerosis compared with patients without CMV

infection.34 Importantly, risk of coronary artery disease, as well as inti-

mal thickening, can be prevented with effective CMV prophylaxis.35

With the introduction of more effective prophylaxis agents, a recent

study concluded that there is now no link between CMV infection

and development of cardiac allograft vasculopathy in heart transplant

recipients, which demonstrates the benefits associated with contem-

porary immunosuppressive and antiviral prophylactic regimens.36

It is also important to consider the risk of organ rejection as CMV

may be associatedwith allograft loss.37,38 Although some data indicate

that graft survival is improved with prophylaxis in kidney transplant

recipients39,40 the same conclusion has not been associated with

pre-emptive therapy.32

FaustoBaldanti reminded delegates that the individualsmost at risk

of negative outcomes from CMV in the SOT setting were those who

were highly immunocompromised.41 Fausto Baldanti described expe-

rience from his clinic showing that low IE1-specific T-cell response

in CMV-seropositive patients prior to kidney transplant predicts

susceptibility to CMV complications and subsequent treatment post-

transplant (unpublished data), demonstrating that poor CMV immuno-

competence prior to transplant is sustained following surgery in this

setting. As a result, the immune-competence profile of SOT patients

prior to surgery should also be considered in determining risk of CMV

disease post-transplant.

2.4 Management of CMV in the SOT setting

Camille Kotton discussed the importance of CMV prevention as a key

strategy to promote good outcomes following SOT. Post-transplant

prophylaxis or pre-emptive monitoring is key to preventing CMV,

as reflected in the Third International Consensus Guidelines on the

Management of Cytomegalovirus in Solid-organ Transplantation.12 A

hybrid strategy of surveillance after prophylaxis, using weekly CMV

viral load monitoring to detect infection following the initial prophy-

laxis period, may be of particular importance and utility in high-risk

SOT patients. Although this approach is adopted by experts, it is not

strongly evidence based as reflected by the low recommendation and

level of evidence grades in the guidelines.12 The approach and dura-

tion of CMV prevention varies by organ type and the serostatus of

both donor and recipient as summarized in the guidelines.12 It is also

important to consider assessing renal functionbefore initiating therapy

and to adjust ganciclovir and valganciclovir doses accordingly. Camille

Kotton explained that she provides valganciclovir prophylaxis for 3–

6 months, without pre-emptive monitoring in most individuals except

for those at high risk for infection (Patient case 1).

Camille Kotton acknowledged that there are challenges with the

current guidelines and recommended standards of care in the SOT

setting. It can be challenging to optimize the duration of prophylaxis

to minimize risk of active infection on a case-by-case basis while also

considering the potential for drug toxicity, the cost of treatment and

the challenges around prophylaxis following the development of ganci-

clovir resistance. Changes to guidelines are anticipated now that trials

of letermovir and maribavir in the SOT setting (and brincidofovir in

HSCT) have either been published or are in progress.42–44

Camille Kotton concluded that future guidelines for the manage-

ment of CMV in SOT should emphasize the importance of infection

preventionwith effective antiviral therapies, the need for vaccines that

are able to induce long-term immunity, the use of molecular diagnos-

tic tests with a high degree of cross comparability, and the need to

optimize the management of resistant/refractory CMV infection after

SOT.

3 UNDERSTANDING THE CHALLENGE OF CMV
RESISTANCE

Use of antiviral agents in both HSCT and SOT settings is associated

with a risk of antiviral resistance in immunocompromised patients,12,45

a topic discussed by Sophie Alain. Development of CMV resistance

can have a negative impact on both graft and patient survival and has

been reported to occur in 5%−12% of SOT recipients after ganciclovir

therapy.12 Resistance prevalence in HSCT is lower (1%−5%) than in

SOTrecipients, and it is tooearly todetermine if letermovir prophylaxis

has influenced rates.45

Sophie Alain outlined a three-step approach to managing CMV

resistance. Firstly, and most importantly, patients at risk must be iden-

tified. These patients are often those with a prolonged or inadequate

exposure to treatment.46 Secondly, it is necessary to determine if a

resistance mutation is present via genotyping by full-length Sanger

sequencing of target genes.47 Identification of known mutations will

help assess response to therapy and thus guide treatment pathways on

an individualized basis. The third step is to examine treatment options,

including new therapeutic options.

Many of the available antiviral agents (e.g., cidofovir, foscarnet,

ganciclovir, valganciclovir) and agents in development (e.g., brincid-

ofovir) target viral polymerase pUL54 and are subject to possible

cross-resistance and toxicity.48 The need for agents targeting other

replication steps has resulted in identification of maribavir that acts

on the UL97 viral kinase and letermovir that acts on terminase pro-

teins. In the SOLSTICE trial, maribavir resulted in higher rates of

CMV clearance in HSCT and SOT recipients with refractory/resistant

CMV than therapy with polymerase inhibitors.5,49 Letermovir also

shows promise as a salvage therapy, but resistance can develop

rapidly, especially if patient compliance is poor or treatment is

interrupted.50

Although therapeutic options are expanding with the introduction

of antivirals without cross-resistance, Sophie Alain concluded that the

burden of refractory CMV infections and resistance will remain an
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PAT IENT CASE 1 Low-level CMVDNAaemia in SOT.When to start treatment?

Patient Heart transplant conducted in 2017

CMV serostatus of donor: positive
CMV serostatus of recipient: negative

Initial management Induction: basiliximab/steroids

Prophylaxis: valganciclovir for 6months

Pathway 5months after stopping prophylaxis: very high viral load; low absolute lymphocyte count.Valganciclovir

treatment initiated and stoppedwhen CMVDNAwas undetectable

<2weeks after stopping treatment:CMVDNA208 IU/mL; absolute lymphocyte count 410 IU/mL (very low).

Next 7months: patient monitored regularly and CMV viral loadwas generally negative so patient was

considered to be ‘fine’.

2 years post-transplant: several lab tests had beenmissed.

High CMV viral load recorded in April 2019.Valganciclovirwas reinitiated and continued until CMVDNAwas

undetectable.

2weeks after stopping treatment:CMVDNA256 IU/mLwhich increased over next 2 weeks to 3360 IU/ml so

valganciclovir treatment was restarted.

∼3.5 years post-transplant: CMVDNA negative; absolute lymphocyte count increased to> 1600 x 103 /μL.

Context ∙ 75% of delegates felt management of patients with a high viral load and low lymphocyte count was a

challengewith∼30% of delegates advising that they were seeingmore of these patients in the clinic.
∙ Most delegates (60–70%) agreedwith the presenter that monitoring when low-level viral load initially

increasedwas appropriate. However, given the very low absolute lymphocyte count, approximately 20% of

delegates would have considered treatment at this point – earlier than treatment was initiated in the case.

When CMVDNAaemia continued to occur, using a longer course of prophylaxis was considered appropriate

by 20% of delegates – an approach ultimately adopted in the case although not recommended in the

guidelines due to the increased risk of resistance.

Conclusion CMV infection/relapse correlates with ‘net state of immunosuppression’ and low lymphocyte count.74

Low-level viraemia can suggest CMV infection or just CMVDNAaemia blips. To predict outcome, the viral

load should bemonitored to see if a trend in increased level is observed.

Case provided by Camille N Kotton.

Abbreviation: CMV, cytomegalovirus.

unmet need until more evidence from randomized clinical trials is

available.

3.1 Immunotherapy in the management of CMV
in transplant settings

Humoral, cellular, innate, and adaptive immune responses are all

involved in the response to CMV in order to limit viral replica-

tion and achieve viral latency. Sustained control of CMV infection is

largely due to cellular immunity with a diverse T-cell response occur-

ring that is targeted toward CMV-specific CD4+ and CD8+ cells.51

In the first days after SOT, there is a marked decrease in CD8+

T cells and immunoglobulin G (IgG) levels so that immunity against

CMV is reduced. However, the immune response varies depending

on the organ being transplanted and the CMV status of the donor

and recipient. Marty Zamora explained that transcriptional profiling of

peripheral blood from lung transplant recipients revealed that many

immune-related genes (for example, genes encoding interferon [IFN]-

inducible factors and chemokines) are upregulated in CMV-infected

patients compared with non-infected patients.52 This puts patients

at an increased risk of CMV infection and highlights the need for

prophylaxis.

The potential reduction in immune control of CMV post-transplant

suggests a role for CMV immunoglobulin (CMVIG) preparations

in SOT recipients. Pooled plasma derived from donors with high

CMV antibody titers provides a source of CMV-specific polyclonal

immunoglobulin.53 Two CMVIG products are currently available that

have similar CMVIG antibody concentrations and neutralization titers.

Marty Zamora explained that CMVIG influences the immune response

by multiple mechanisms including virus neutralization by anti-CMV, an

effect on maturation of dendritic cells, decreased T-cell activation and

decreased cytokine production.51

A number of potential uses of CMVIG have evolved over time.

Piedad Ussetti described the promising results obtained in her cen-

ter in Madrid, with the current protocol for minimizing risk of CMV

disease in seronegative lung transplant recipients with the com-

bination of 12 months of valganciclovir and CMVIG administered

at weekly intervals for the first month and then monthly for the

first year (unpublished data). In the heart transplant setting, Udo

Boeken described the CMV prophylaxis regimen in heart transplant

recipients adopted by his center at the Heinrich Heine University

in Düsseldorf. Ganciclovir/valganciclovir is administered for 90 days

post-surgery to most individuals; the exception being seronegative

recipients receiving an organ from a seronegative donor (D-/R-).54 For

those considered at highest risk of disease (D+/R-), 3 days of CMVIG

treatment is added to the management pathway. Application of this

protocol has resulted in survival rates 1-year post heart transplant

of 77.8% in D+/R-, 74.4% in D-/R+, 87.5% in D-/R-, and 71.7% in

D+/R+.
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7 of 13 KOTTON ET AL.

PAT IENT CASE 2 The role of CMVIG inmanaging severe disease in the SOT setting

Patient 34-year-old heart transplant recipient

CMV serostatus of donor: positive
CMV serostatus of recipient: negative. Pre-transplant IgG anti-CMV levels were<20U/mL. IFNγ fromCD8

response to IE1was present (2.75%)

Initial management Ganciclovir for 15 days followed by valganciclovir

Pathway Day 7: patient symptomatic (clostridium difficile-associated diarrhoea, pneumonia)

Day 30: patient symptomatic (clostridium difficile-associated diarrhoea, pneumonia) and CMVdisease (CMVDNA

>101,300 IU/mL).

Ganciclovir restarted for 7 days.

Day 37:Viral load remained high (63,100 IU/mL). IgG levels tested and severe HGG diagnosed (3.32 g/L).

CMVIG administered (150mg/kg followed by six doses of 100mg/kg until DNAemia negative.

Day 90: IgG 1090mg/dL;Day 120: IgG 767mg/dL

Context ∙ 63% of delegates would have tested IgG levels in an SOT recipient with difficult-to-control CMV disease as

represented in this case
∙ Most (69%) had a protocol in place for IgG replacement

Conclusion After heart transplantation, many patients will have broad immune deficiency and the immunological status of

the patient is likely to contribute to the difficulty in controlling any subsequent CMV disease.When

considering use of CMVIG, lack of CMV-specific T cells, presence of HGG, CD4+/CD8+ or NK

lymphocytopenia could all suggest high risk of disease. The tools to assess these factors are accessible in

most clinics based on feedback provided by delegates during the case discussion.

Case provided by Javier Carbone.

Abbreviations: CMV, cytomegalovirus; CMVIG, cytomegalovirus immunoglobin; HGG, hypogammaglobulinaemia; NK, natural killer cell.

There is evidence suggesting that CMVIG, either alone or in combi-

nationwith antivirals,may improveoverall survival anddecreasesCMV

disease in SOT recipients,54–56 but further robust trials are required to

identify its optimal role in themanagement of CMV (Patient case 2).

In the HSCT setting, a role for CMVIG also still needs to be estab-

lished. Approximately one-third of HSCT recipients will experience

reactivationafter theendof letermovir prophylaxis,27 it is possible that

the use of CMVIG in these patients may be appropriate in a properly

designed clinical trial.

4 MANAGEMENT OF CMV INFECTION IN
PEDIATRIC SOT PATIENTS

CMV infection and disease are common in pediatric SOT recipients.

LaraDanziger-Isakov explained that the incidence varies depending on

the type of organ transplant, but CMV infection rates of 40% in pedi-

atric liver transplant recipients and 15% of pediatric kidney transplant

recipients have been reported.12 Available data suggest that CMV

infection/disease in pediatric SOT patients could be associated with

adverse outcomes, including organ rejection and CMVDNAemia blips,

but evidence is more limited than in adult patients.

Prophylaxis with intravenous ganciclovir or oral valganciclovir is the

standard CMV prevention strategy for pediatric SOT patients, with

some high-risk groups receiving more targeted prophylaxis (e.g., adju-

vant CMVIG) and increased surveillance testing.12,57 However, break-

through CMV DNAemia during prophylaxis treatment is common in

children.58 Lara Danziger-Isakov explained that calculating the dose

of antiviral medication to use is a challenge in the pediatric setting.12

Other areas that need further refinement and research include the risk

of late-onset CMV disease and alternative treatment options in the

case of antiviral resistance. Inducing CMV-specific immune responses

in children, for example using CMV-specific T cells, was seen to be an

interesting approach by Lara Danziger-Isakov, but the impact of these

strategies in young children with developing immune systems requires

further research.

5 TOWARD PERSONALIZED MANAGEMENT—
USING CMV-SPECIFIC IMMUNITY TO INFORM
DECISION MAKING

GlenWestall discussedhowtransplantationprovides an ideal set of cir-

cumstances for CMV to take hold, with the immune system suppressed

and CMV entry disguised within a major MHC-mismatched allograft.

The presentation of CMV peptides on host/self MHC molecules is

required for T cells to recognize virally infected cells; however, inMHC-

mismatched allografts, T cells may not be able to recognize the CMV

peptides being presented. Glen Westall explained that this is likely to

be most important in lung and liver transplant settings where there

is a high CMV burden. Furthermore, in the setting of lung transplan-

tation, natural killer cells and γδ T cells may also be important for

controlling CMV than conventional T cells as CMV replication in lung

allografts has been associated with the enrichment of γδ T cells rather

than conventional T cells.59

Glen Westall discussed the predictive ability of CMV immunoas-

says. These assays might predict CMV risk in some patients, but not

necessarily in all. Despite this, even an indeterminate result can be

useful as it suggests a high degree of immunosuppression and thus

a higher risk of CMV. Glen Westall suggested that in donor-positive/
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PAT IENT CASE 3 Difficult-to-treat CMV infection after lung transplantation

Patient 26-year-old with cystic fibrosis

Bilateral lung transplant inMarch 2014

CMV serostatus of donor: positive
CMV serostatus of recipient: negative

Initial management Induction: basiliximab

Immunosuppression: prednisone, tacrolimus,

mycophenolatemofetil

Prophylaxis: intravenous ganciclovir for 7 days;
intravenousCMVIG and oral valganciclovir for 12months

Pathway Year 1 post-transplant: exponential increase in viraemia (>40,000 IU/mL). Switched to everolimus and

tacrolimus dose decreased.Assessments:
∙ CMI (by intracellular cytokine staining:

12 CMV-specific CD8+ T cells/μL;
9 CMV-specific CD4+ T cells/μL

∙ UL97 genotyping:C592G (low-level ganciclovir resistance); L595S (high-level ganciclovir resistance).

Follow-up: high-dose ganciclovir initiated. Viral load declined to undetectable levels but neutropenia
developed. Foscarnet initiated. Hypomagnesaemia developed and viral load increased. Leflunomide

initiated. Viraemia was controlled. Patient has no ongoing CMV disease.

Context ∙ Extending valganciclovir prophylaxis beyond 3–6months is the best approach to prevent CMV infection and

disease in the lung transplant setting. Risk of bronchiolitis obliterans syndrome and poor graft outcomes

post-lung transplantation support the control of viraemia in recipients even in the absence of symptoms
∙ Despite identification of variants associated with ganciclovir resistance, low-level resistance has been

shown to be overcome by higher doses of ganciclovir
∙ Letermovir andmaribavir were not available at this time, somanagement options shownmay be different in

the current era

Conclusion In this case, being able to use the tools available to identify exactly what challenges had to be overcome

(including themonitoring for CMV-specific CMI) resulted in a good outcome. However, the case

demonstrates that managementmay need to evolve in order to address the challenges as they arise.

Case provided byMario Fernández-Ruiz.

Abbreviations: CMI, cell-mediated immunity; CMV, cytomegalovirus; CMVIG, cytomegalovirus immunoglobin.

recipient-negative situations, CMV infection is effectively suppressed,

while the patient is on prophylaxis and, therefore, immunity does

not develop. However, following discontinuation of prophylaxis, CMV

infection may occur and immunity can develop. Consequently, there

is limited utility for assessing CMV immunity in this group of patients

while they remain on prophylaxis. Where CMV immunity assays may

have value is in determining the optimal length of prophylaxis for each

patient (especially in those seropositive prior to transplant) and the

need for secondary prophylaxis.60

Glen Westall concluded that assays for CMV immunity are a useful

addition to the diagnostic toolkit, but optimal thresholds for immune

markers to accurately predict risk, manage patient outcomes, and

inform the need for prophylaxis are still required (Patient case 3).

6 LOOKING TO THE FUTURE OF CMV
MANAGEMENT IN THE TRANSPLANT SETTING

6.1 Novel therapeutics

DanaWolf discussed the considerable need for anti-CMV agents with

alternativemodes of action to those currently available. The antimalar-

ial artemisinin derivative, artesunate, inhibits CMVvia the inhibition of

the host-cell functions required for virus replication.61 However, stud-

ies have demonstrated the highly divergent nature of this drug and

therefore more potent artemisinin derivatives such as artemisone are

currently being investigated. Artemisone has similar in vitro efficacy to

ganciclovir but acts at an earlier stage of the CMV replication cycle.

It has synergistic antiviral activity in combination with approved and

experimental anti-CMV drugs, with the highest effect demonstrated

with the viral UL97 kinase inhibitor, maribavir.62

Dana Wolf explained that a major limitation in CMV translational

research has been the lack of representation of the viral natural

tropism in in vitro cell-type cultures. However, nasal turbinate organ

culture is now being used to study the earliest steps of infection and

the subsequent immune response.63 This should start to more clearly

elucidate the initial events occurring after CMV infection and provide

amodel for assessing new antiviral interventions.

Dana Wolf concluded by emphasizing that mechanism-informed

drug repurposing and advanced ex vivo human models of CMV infec-

tion have shown great advances in tackling tissue innate immune

responses and new therapies for CMV.

6.2 Novel cellular therapies

Cellular therapy for CMV in the HSCT field started 30 years ago,64

but these therapies are still not being used in routine clinical practice;
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PAT IENT CASE 4 Cellular therapy in CMV reactivation after HSCT

Patient 52-year-old with acutemyeloid leukaemia

HSCTwith a haploidentical donor

CMV serostatus of donor: negative
CMV serostatus of recipient: positive

Initial management Antiviral therapy: letermovir up to Day 100

Pathway Day 100: complete remission and no GvHD.

Next 2months: platelet and neutrophil counts declined.
Day 180:CMV and parvoB19 reactivation detect. Graft function poor.

Management:High-doseCMVIG, foscarnet, boost of CD34+ cells (same donor).

Second course ofCMVIG and foscarnet.

Outcome:CMV and parvoB19 viraemia cleared.

Second course of letermovirwith no subsequent reactivation.

Context ∙ CMV reactivation occurs after Day 100 in approximately 10% of patients. However, use of letermovir after

Day 100 is off-label. If this approach is being considered it may be best to wait for viraemia to clear to

minimise risk of resistance

Conclusion Combining cellular therapy with CMVIG and antiviral therapy resulted in good outcomes for this patient;

however, specific protocols are currently not available to guide patient management.

Case provided by Fabio Ciceri.

Abbreviations: CMV, cytomegalovirus; CMVIG, cytomegalovirus immunoglobulin; GvHD, graft-versus-host disease; HSCT, haematopoietic stem cell

transplant.

a situation highlighted by Patrizia Comoli. Cellular therapy triggers

the secondary immune response to viruses by stimulating donor cells

from HSCT recipients in vitro using infected cells, antigen-presenting

cells (APC) rich in specific peptides, or APCs transduced with vectors

carrying relevant antigen products.65 Polyclonal populations of virus-

specific T cells (VST) are generated that produce high levels of IFNγ,
and other cytokines in a process can take between 2 and 8 weeks

depending on the protocol used. Cellular infusions as prophylaxis can

prevent CMV infection inHSCT recipients, while treatment of infected

individuals results in a clearance rate of 82%. The large number of cells

generated means that this method is suitable for patients requiring

repeated infusions.

Patrizia Comoli highlighted that some patients need more rapid

treatment with CD8+ cells to clear infection quickly and explained

that the process to develop cellular infusions can be accelerated using

magnetic beads coated with anti-IFNγ to select CD4+/CD8+ cells and

using beads with a streptamer tag to select CD8+ T cells.65,66 The effi-

cacy observedwith these protocols is similar to that seenwith cultured

cells.

In the SOT setting, autologous VSTs have been shown to be effec-

tive even in patients using steroids or immunosuppressants, although

more information is required on the potential risk of late rejection in

these patients.67 One factor that may have led to the reluctance in

adoption of cellular therapy is the theoretical risk of toxicity; however,

Patrizia Comoli explained that this has not been observed in the clinic.

Lack of access to therapy may also contribute to the slow uptake, but

Patrizia Comoli explained that introduction of third-party VSTs, espe-

cially those optimized based on HLA typing and specific function, had

started to address this limitation. Patrizia Comoli left delegates with

the thought that it is now time tomove the field forward by conducting

well-controlled studies to further elucidate the potential for cellular

therapies after transplant (Patient case 4).

6.3 Vaccines

Antibody responses induced by vaccination have the potential to

reduce the high levels of viremia associated with CMV disease and

limit the quantity of virus transferred from donor to recipient in the

SOT setting.68,69 Paul Griffiths described how vaccination with recom-

binant glycoprotein B (gB) plus an MF59 adjuvant increased anti-gB

titers in both seronegative and seropositive individuals awaiting SOT.68

It also reduced viral load parameters after transplantation and he sug-

gested that could be a result of reduced transmission of virus from the

donated organ to the recipient.

The human CMV gB protein has five antigenic domains (ADs),

with AD1 being immunodominant.70 In vaccinated seronegative indi-

viduals in an SOT setting, vaccination does not appear to have

a direct effect on levels of neutralizing antibodies; instead, trans-

plant acts as a prime boost to subsequently increase neutralizing

antibody titers.71 In seropositive individuals, vaccination can boost

all ADs, but only AD2 correlates with protection.72 Paul Griffiths

explained how a future study infusing antibodies directed toward

the CMV gB AD2 into a seronegative recipient, and then trans-

planting an organ from a seropositive donor, could allow the quan-

tity and quality of antibodies required to elicit protection to be

determined.

Two further vaccines are being studied: a non-replicating viral vec-

tor platform based on lymphocytic choriomeningitis virus, with the

authentic glycoprotein replaced with gB from CMV, has been shown

to have a good safety profile in preclinical studies, with high levels

of neutralizing antibodies and cell-mediated immunity induced,73 and

rdCMV/DISC (V160) is a whole virus construct that has also been

reported to increase cellular and humoral immunity.69

Paul Griffiths concluded that he hoped that results from the stud-

ies investigating the safety and efficacy of the different vaccines would
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encourage manufacturers to initiate the Phase 3 studies required to

push the field forward.

7 CONCLUSION

During the well-attended symposium, the major advances in the CMV

field were presented and discussed. As understanding of the immune

effects of CMV is continuing to increase, Atul Humar concluded the

meeting by suggesting that it is the start of a new era in management

of CMV. He was optimistic that, once thresholds for CMI had been

established, CMV risk would be better understood in both HSCT and

SOT, leading to improved patient management. Viable alternatives to

antiviral therapy, such as cellular or immuno therapies, are becoming

established, and, as more data become available, it is likely that man-

agement protocols will evolve to becomemore individualized based on

the patient’s immune footprint. The new era in CMV is likely to fea-

ture multiple diagnostic, therapeutic, and preventive strategies that

promise to change the paradigm of CMV.

ACKNOWLEDGMENTS

The CMV International Symposium was sponsored by Biotest AG.

The program of the non-promotional CMV Symposium was devel-

oped by a scientific committee (Camille Kotton, Julian Torre-Cisneros,

and Fabio Ciceri). The scientific committee worked with the fac-

ulty to agree the agenda and content of the presentations. Biotest

provided medical and legal sign-off of the program, and final draft

to ensure scientific accuracy. Medical writing support was pro-

vided by Elements Communications Ltd and funded by Biotest AG.

The authors thank The International CMV Symposium Faculty (José

Maria Aguado, Sophie Alain, Fausto Baldanti, Gabriele Baumann, Udo

Boeken, Maria de la Calle, Javier Carbone, Fabio Ciceri, Patrizia

Comoli, Lionel Couzi, Lara Danziger-Isakov, Mario Fernández-Ruiz,

CorradoGirmenia, PaulGriffiths, PaoloAntonioGrossi, HansH.Hirsch,

Atul Humar, Nassim Kamar, Camille Kotton, Per Ljungman, Michele

Malagola, Estefania Mira, Nicolas Mueller, Martina Sester, Chieh-Lin

Jerry Teng, Julian Torre-Cisneros, Piedad Ussetti, Glen Westall, Dana

Wolf, and Marty Zamora) for their presentations and contributions

to the discussions that took place during the International CMV

Symposium.

CONFLICT OF INTEREST

In addition to speaking at the Biotest AG-sponsored International

Symposium, the following disclosure/conflict of interest statements

are provided: Camille N. Kotton: Member of the Advisory Commit-

tee on Immunization Practice (ACIP) at the US Centers for Disease

Control and Prevention. Consultant for Biotest, Evrys, ExeVir, Merck,

Takeda, Hookipa and Oxford Immunotec. Recipient of grant from NIH.

Julián Torre-Cisneros: Recipient of research grants from Cellestis (a

QUIAGEN company), MSD and Roche. Recipient of educational grants

from MSD and Roche. Member of advisory boards for Biotest, MSD

and Roche. The research has been supported by CIBER - Consor-

cio Centro de Investigación Biomédica en Red- (CB 2021), Instituto

de Salud Carlos III, Ministerio de Ciencia e Innovación and Unión

Europea—NextGenerationEU.

The international CMV symposium faculty

José Maria Aguado: Honoraria for speaking or participating in Advi-

sory Boards and/or research grants from Biotest, Gilead Sciences,

MSD, Pfizer, Roche. Sophie Alain: Research funding as a scientific

expert or site principal investigator from Altona, Biotest, BioMérieux,

Qiagen, Hologic, GlaxoSmithKline, Merck, MSD, Shire (a Takeda Com-

pany). Scientific expert/Advisory boardmember for theQCMD. ANSM

expert for delivery of anti-CMV for compassionate use in refrac-

tory/resistant patients. Fausto Baldanti: Consultant for: Biotest, Takeda,

Qiagen, Roche, MSD; Research support by: DiaSorin, NTP, Qiagen,

Elitech. Udo Boeken: Consultant and speaker for Biotest. Javier Car-

bone: Speaker/Advisory Board member for Biotest, Grifols and LFB.

Research funding from Biotest, Grifols and Takeda. Patrizia Comoli:

Speaker/Advisory Boardmember for Atara Biotherapeutics and Pierre

Fabre Pharma. Lionel Couzi: Grants fromAstellas and Novartis. Lecture

fees fromAstellas, Biotest, Chiesi, GSK,Novartis,Ostuka, Sandoz. Con-

sultancy fees from Biotest, Hansa and Novartis. Travel funding from

Astellas, Chiesi, Novartis, Sandoz and Vifor. Lara Danziger-Isakov: Con-

sultant for Merck and Takeda and contracted clinical research with

Ansun BioPharma, Astellas, Merck, Pfizer, Viracor and Takeda. Recipi-

entof grant fromNIH.CorradoGirmenia: Speaker/AdvisoryBoardmem-

ber for AbbVie, Amgen, Biotest, Gilead Sciences, Janssen,MSD, Novar-

tis Pharma, Sanofi and Takeda. Paolo Grossi: Advisory Board member

for Allovir, Biotest, Gilead Sciences,MSDandTakeda. Speaker’s bureau

for Atara, Biotest, Gilead Sciences, MSD, Shionogi and Takeda. Hans

H. Hirsch: Consultant honoraria from Molecular Probes and Roche

Diagnostics and Speaker honoraria from Gilead Sciences. Atul Humar:

Research support from Astellas, Roche, Qiagen. Advisory Board mem-

ber: Merck, Takeda. Nassim Kamar: Speaker/Advisory Board member

for AbbVie, Astellas, Astrazeneca, Biotest, CSL Behring, Chiesi, Gilead

Sciences, Fresenius Medical Care, MSD, Neovvi, Novartis Pharma,

Sanofi, Sandoz, Shire (a Takeda company). Per Ljungman: Advisory

board/endpoint committee member for AiCuris, Merck, MSD, Takeda.

Investigator with MSD. Speaker for Biotest, MSD, Takeda. Michele

Malagola: AdvisoryBoardmember forBiotest andMSD.NicolasMueller:

Advisory Board member for MSD, Pfizer and Takeda. Martina Sester:

Research support/honoraria and travel support from Astellas, Biotest

and Novartis. Glen Westall: Advisory Board member for CSL Behring

and research study support fromQiagen.DanaWolf: Speaker/Advisory

Board member for Merck, MSD and Takeda. Recipient of research

grants from GSK, MSD, and Sanofi. Marty Zamora: Consultant for CSL

Behring.

ORCID

CamilleN.Kotton https://orcid.org/0000-0001-7320-2234

JuliánTorre-Cisneros https://orcid.org/0000-0003-1529-6302

REFERENCES

1. Griffiths P, Reeves M. Pathogenesis of human cytomegalovirus in the

immunocompromised host.Nat RevMicrobiol. 2021;19(12):759-773.

 13993062, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tid.13977 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7320-2234
https://orcid.org/0000-0001-7320-2234
https://orcid.org/0000-0003-1529-6302
https://orcid.org/0000-0003-1529-6302


11 of 13 KOTTON ET AL.

2. Helanterä I, Kyllönen L, Lautenschlager I, Salmela K, Koskinen P.

Primary CMV infections are common in kidney transplant recip-

ients after 6 months valganciclovir prophylaxis. Am J Transplant.
2010;10(9):2026-2032.

3. Berry R, Watson GM, Jonjic S, Degli-Esposti MA, Rossjohn J. Modula-

tion of innate and adaptive immunity by cytomegaloviruses. Nat Rev
Immunol. 2020;20(2):113-127.

4. Sester M, Sester U, Gärtner BC, Girndt M, Meyerhans A, Köhler

H. Dominance of virus-specific CD8 T cells in human primary

cytomegalovirus infection. J Am Soc Nephrol. 2002;13(10):2577-2584.
5. Forlanini F, Dara J, Dvorak CC, Cowan MJ, Puck JM, Dorsey MJ.

Unknown cytomegalovirus serostatus in primary immunodeficiency

disorders: a new category of transplant recipients. Transpl Infect Dis.
2021;23(2):e13504.

6. Raval AD, Kistler KD, Tang Y, Murata Y, Snydman DR. Epidemiol-

ogy, risk factors, and outcomes associated with cytomegalovirus in

adult kidney transplant recipients: a systematic literature review of

real-world evidence. Transpl Infect Dis. 2021;23(2):e13483.
7. L’Huillier AG, Ferreira VH, Ku T, Bahinskaya I, Kumar D, Humar

A. Improving our mechanistic understanding of the indirect

effects of CMV infection in transplant recipients. Am J Transplant.
2019;19(9):2495-2504.

8. Freeman RB Jr. The ‘indirect’ effects of cytomegalovirus infection. Am
J Transplant. 2009;9(11):2453-2458.

9. Belga S, MacDonald C, Chiang D, et al. Donor graft cytomegalovirus

serostatus and the risk of arterial and venous thrombotic events in

seronegative recipients after non-thoracic solid organ transplantation.

Clin Infect Dis. 2021;72(5):845-852.
10. Mabilangan C, Burton C, Nahirniak S, O’Brien S, Preiksaitis J.

Transfusion-transmitted and community-acquired cytomegalovirus

infection in seronegative solid organ transplant recipients receiv-

ing seronegative donor organs. Am J Transplant. 2020;20(12):3509-
3519.

11. LjungmanP,BrandR,Hoek J, et al.Donor cytomegalovirus status influ-

ences the outcome of allogeneic stem cell transplant: a study by the

EuropeanGroup for Blood andMarrowTransplantation.Clin Infect Dis.
2014;59(4):473-481.

12. Kotton CN, Kumar D, Caliendo AM, et al. The Third international

consensus guidelines on the management of cytomegalovirus in solid-

organ transplantation. Transplantation. 2018;102(6):900-931.
13. Vu DL, Dayer JA, Masouridi-Levrat S, et al. Microbiologically docu-

mented infections after adult allogeneic hematopoietic cell transplan-

tation: a 5-year analysis within the Swiss Transplant Cohort study.

Transpl Infect Dis. 2020;22(4):e13289.
14. vanDelden C, Stampf S, HirschHH, et al. Burden and timeline of infec-

tious diseases in the first year after solid organ transplantation in the

Swiss Transplant Cohort Study. Clin Infect Dis. 2020;71(7):e159-e169.
15. Razonable RR, Inoue N, Pinninti SG, et al. Clinical diagnostic testing

for human cytomegalovirus infections. J Infect Dis. 2020;221(Suppl
1):S74-S85.

16. 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(4):284-292.
17. 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(3):e119-127.

18. Reddehase MJ, Lemmermann NAW. Cellular reservoirs of latent

cytomegaloviruses.MedMicrobiol Immunol. 2019;208(3-4):391-403.
19. Strasfeld L, Chou S. Antiviral drug resistance: mechanisms and clinical

implications. Infect Dis Clin North Am. 2010;24(2):413-437.
20. Gabanti E, Lilleri D, Scaramuzzi L, et al. Comparison of the T-cell

response to human cytomegalovirus (HCMV) as detected by cytokine

flow cytometry and QuantiFERON-CMV assay in HCMV-seropositive

kidney-transplant recipients.NewMicrobio 2018;41(3):195–202.
21. Calarota SA, Baldanti F. Enumeration and characterization of human

memory T cells by enzyme-linked immunospot assays. Clin Dev
Immunol. 2013;2013:637649.

22. Wagner-Drouet E, Teschner D, Wolschke C, et al. Standardized moni-

toring of cytomegalovirus-specific immunity can improve risk stratifi-

cation of recurrent cytomegalovirus reactivation after hematopoietic

stem cell transplantation.Haematologica. 2021;106(2):363–374.
23. Stern A, Papanicolaou GA. CMV prevention and treatment in trans-

plantation: what’s new in 2019. Curr Infect Dis Rep. 2019;21(11):
45.

24. Ljungman P, de la Camara R, Robin C, et al. Guidelines for the man-

agement of cytomegalovirus infection in patients with haematological

malignancies and after stem cell transplantation from the 2017 Euro-

pean Conference on Infections in Leukaemia (ECIL 7). Lancet Infect Dis.
2019;19(8):e260-e272.

25. Jakharia N, Howard D, Riedel DJ. CMV infection in hematopoietic

stem cell transplantation: prevention and treatment strategies. Curr
Treat Options Infect Dis. 2021;13(3):123-140.

26. Li PH, Lin CH, Lin YH, Chen TC, Hsu CY, Teng CLJ. Cytomegalovirus

prophylaxis using low-dose valganciclovir in patients with acute

leukemia undergoing allogeneic hematopoietic stem-cell transplanta-

tion. Ther Adv Hematol. 2021;12:2040620721998124.
27. Marty FM, Ljungman P, Chemaly RF, et al. Letermovir prophylaxis for

cytomegalovirus in hematopoietic-cell transplantation. N Engl J Med.
2017;377(25):2433-2444.

28. Ljungman P, Schmitt M, Marty FM, et al. A mortality analysis of leter-

movir prophylaxis for cytomegalovirus (CMV) in CMV-seropositive

recipients of allogeneic hematopoietic cell transplantation. Clin Infect
Dis. 2020;70(8):1525-1533.

29. Malagola M, Pollara C, Polverelli N, et al. Advances in CMV man-

agement: a single center real-life experience. Front Cell Dev Biol.
2020;8:534268.

30. Cassaniti I, ColomboAA, Bernasconi P, et al. PositiveHCMVDNAemia

in stem cell recipients undergoing letermovir prophylaxis is expression

of abortive infection. Am J Transplant. 2021;21(4):1622-1628.
31. Weinberger S, SteiningerC. Reliable quantificationof cytomegalovirus

DNAemia in letermovir-treated patients. Antiviral Res. 2022;21:

105299.

32. Owers DS, Webster AC, Strippoli GFM, Kable K, Hodson EM.

Pre-emptive treatment for cytomegalovirus viraemia to prevent

cytomegalovirus disease in solid organ transplant recipients. Cochrane
Database Syst Rev. 2013;2013(2):CD005133.

33. Sen P,Wilkie AR, Ji F, et al. Linking indirect effects of cytomegalovirus

in transplantation tomodulation ofmonocyte innate immune function.

Sci Adv. 2020;6(17):eaax9856.
34. Grattan MT, Moreno-Cabral CE, Starnes VA, Oyer PE, Stinson EB,

Shumway NE. Cytomegalovirus infection is associated with cardiac

allograft rejection and atherosclerosis. JAMA. 1989;261(24):3561-
3566.

35. Potena L, Grigioni F, Magnani G, et al. Prophylaxis versus pre-

emptive anti-cytomegalovirus approach for prevention of allograft

vasculopathy in heart transplant recipients. J Heart Lung Transplant.
2009;28(5):461-467.

36. Klimczak-Tomaniak D, Roest S, Brugts JJ, et al. The association

between cytomegalovirus infection and cardiac allograft vasculopa-

thy in the era of antiviral valganciclovir prophylaxis. Transplantation.
2020;104(7):1508-1518.

37. Sagedal S, Hartmann A, Nordal KP, et al. Impact of early

cytomegalovirus infection and disease on long-term recipient and

kidney graft survival. Kidney Int. 2004;66(1):329-337.
38. Rahimishahmirzadi M, Jevnikar AM, House AA, et al. Late-onset allo-

graft rejection, cytomegalovirus infection, and renal allograft loss: is

 13993062, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tid.13977 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



KOTTON ET AL. 12 of 13

anti-CMV prophylaxis required following late-onset allograft rejec-

tion? Clin Transplant. 2021;35(6):e14285.
39. Opelz G, Döhler B, Ruhenstroth A. Cytomegalovirus prophylaxis and

graft outcome in solid organ transplantation: a collaborative trans-

plant study report. Am J Transplant. 2004;4(6):928-936.
40. Kliem V, Fricke L, Wollbrink T, Burg M, Radermacher J, Rohde F.

Improvement in long-term renal graft survival due to CMV prophy-

laxis with oral ganciclovir: results of a randomized clinical trial. Am J
Transplant. 2008;8(5):975-983.

41. Limaye AP, Babu TM, Boeckh M. Progress and challenges in the pre-

vention, diagnosis, and management of cytomegalovirus infection in

transplantation. Clin Microbiol Rev. 2021;34:e00043-19.
42. 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 trans-

plantation. Biol BloodMarrow Transplant. 2019;25(2):369-381.
43. Linder KA, Kovacs C, Mullane KM, et al. Letermovir treatment of

cytomegalovirus infection or disease in solid organ and hematopoietic

cell transplant recipients. Transpl Infect Dis. 2021;23(4):e13687.
44. Papanicolaou GA, Silveira FP, Langston AA, et al. Maribavir for refrac-

tory 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(8):1255-1264.
45. Yong MK, Shigle TL, Kim YJ, Carpenter PA, Chemaly RF, Papanicolaou

GA. American Society for Transplantation and Cellular Therapy series:

#4 - cytomegalovirus treatment and management of resistant or

refractory infections after hematopoietic cell transplantation. Trans-
plant Cell Ther. 2021;27(12):957-967.

46. 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(8):1420-
1426.

47. Chou S. Advances in the genotypic diagnosis of cytomegalovirus

antiviral drug resistance. Antiviral Res. 2020;176:104711.
48. Ligat G, Cazal R, Hantz S, Alain S. The human cytomegalovirus termi-

nase complex as an antiviral target: a close-up view. FEMS Microbiol
Rev. 2018;42(2):137-145.

49. Avery RK, Alain S, Alexander BD, et al. Maribavir for refrac-

tory cytomegalovirus infections with or without resistance post-

transplant: results from a phase 3 randomized clinical trial. Clin Infect
Dis. 2022;75(4):690-701.

50. Alain S, Feghoul L, Girault S, et al. Letermovir breakthroughs dur-

ing the French named patient programme: interest of monitoring

blood concentration in clinical practice. J Antimicrob Chemother.
2020;75(8):2253-2257.

51. Carbone J. The immunology of posttransplant CMV infection: poten-

tial effect of CMV immunoglobulins on distinct components of the

immune response to CMV. Transplantation. 2016;100(Suppl 3):S11-
S18. https://doi.org/10.1097/TP.0000000000001095

52. Mehra MR, Kobashigawa JA, Deng MC, et al. Clinical implications

and longitudinal alteration of peripheral blood transcriptional signals

indicative of future cardiac allograft rejection. J Heart Lung Transplant.
2008;27(3):297-301.

53. GermerM,HerbenerP, Schüttrumpf J. Functional properties of human

cytomegalovirus hyperimmunoglobulin and standard immunoglobulin

preparations. Ann Transplant. 2016;21:558-564.
54. Immohr MB, Akhyari P, Böttger C, et al. Cytomegalovirus mismatch

after heart transplantation: impact of antiviral prophylaxis and intra-

venous hyperimmune globulin. Immun Inflamm Dis. 2021;9(4):1554-
1562.

55. Bonaros N, Mayer B, Schachner T, Laufer G, Kocher A. CMV-

hyperimmune globulin for preventing cytomegalovirus infection and

disease in solid organ transplant recipients: a meta-analysis. Clin
Transplant. 2008;22(1):89-97.

56. ValantineH, Luikart R,DoyleR, et al. Impact of cytomegalovirus hyper-

immune globulin on outcome after cardiothoracic transplantation: a

comparative study of combined prophylaxis with CMV hyperimmune

globulin plus ganciclovir versus ganciclovir alone. Transplantation.
2001;72(10):1647-1652.

57. Ranganathan K, Worley S, Michaels MG, et al. Cytomegalovirus

immunoglobulin decreases the risk of cytomegalovirus infection but

notdiseaseafter pediatric lung transplantation. JHeart LungTransplant.
2009;28(10):1050-1056.

58. Suresh S, Lee BE, Robinson JL, Akinwumi MS, Preiksaitis JK. A

risk-stratified approach to cytomegalovirus prevention in pediatric

solid organ transplant recipients. Pediatr Transplant. 2016;20(7):970-
980.

59. Stankovic S, DaveyMS, Shaw EM, et al. Cytomegalovirus replication is

associated with enrichment of distinct γδ T cell subsets following lung

transplantation: a novel therapeutic approach? J Heart Lung Transplant.
2020;39(11):1300-1312.

60. Westall GP, Cristiano Y, Levvey BJ, et al. A randomized study of quan-

tiferon CMV-directed versus fixed-duration valganciclovir prophy-

laxis to reduce late CMV after lung transplantation. Transplantation.
2019;103(5):1005-1013.

61. Oiknine-Djian E, Weisblum Y, Panet A, Wong HN, Haynes RK, Wolf

DG. The artemisinin derivative artemisone is a potent inhibitor

of human cytomegalovirus replication. Antimicrob Agents Chemother.
2018;62(7):e00288-18.

62. Oiknine-Djian E, Bar-On S, Laskov I, et al. Artemisone demonstrates

synergistic antiviral activity in combination with approved and exper-

imental drugs active against human cytomegalovirus. Antiviral Res.
2019;172:104639.

63. Alfi O, Yakirevitch A, Wald O, et al. Human nasal and lung tissues

infected ex vivo with SARS-CoV-2 provide insights into differen-

tial tissue-specific and virus-specific innate immune responses in the

upper and lower respiratory tract. J Virol. 2021;95(14):e0013021.
64. Chabannon C, Kuball J, Bondanza A, et al. Hematopoietic stem cell

transplantation in its 60s: a platform for cellular therapies. Sci Transl
Med. 2018;10(436):eaap9630.

65. Basso S, Compagno F, Zelini P, et al. Harnessing T cells to control infec-

tions after allogeneic hematopoietic stem cell transplantation. Front
Immunol. 2020;11:567531.

66. Ciáurriz M, Beloki L, Bandrés E, et al. Streptamer technology allows

accurate and specific detection of CMV-specific HLA-A*02 CD8+

T cells by flow cytometry. Cytometry B Clin Cytom. 2017;92(2):153-
160.

67. Smith C, Corvino D, Beagley L, et al. T cell repertoire remodeling fol-

lowing post-transplant T cell therapy coincides with clinical response.

J Clin Invest. 2019;129(11):5020-5032.
68. Griffiths PD, Stanton A, McCarrell E, et al. Cytomegalovirus

glycoprotein-B vaccine with MF59 adjuvant in transplant recip-

ients: a phase 2 randomised placebo-controlled trial. Lancet.
2011;377(9773):1256-1263.

69. Anderholm KM, Bierle CJ, Schleiss MR. Cytomegalovirus vaccines:

current status and future prospects.Drugs. 2016;76(17):1625-1645.
70. Burke HG, Heldwein EE. Crystal structure of the human

cytomegalovirus glycoprotein B. PLoS Pathog. 2015;11(10):e1005227.
71. Baraniak I, KropffB,AmbroseL, et al. Protection fromcytomegalovirus

viremia following glycoprotein B vaccination is not dependent on neu-

tralizing antibodies. Proc Natl Acad Sci U S A. 2018;115(24):6273-
6278.

72. Schleiss MR. Recombinant cytomegalovirus glycoprotein B vaccine:

rethinking the immunological basis of protection. Proc Natl Acad Sci
USA. 2018;115(24):6110-6112.

73. Flatz L, Hegazy AN, Bergthaler A, et al. Development of replication-

defective lymphocytic choriomeningitis virus vectors for the induction

of potent CD8+ T cell immunity.NatMed. 2010;16(3):339-345.

 13993062, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tid.13977 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1097/TP.0000000000001095


13 of 13 KOTTON ET AL.

74. Gardiner BJ, Nierenberg NE, Chow JK, Ruthazer R, Kent DM,

Snydman DR. Absolute lymphocyte count: a predictor of recurrent

cytomegalovirus disease in solid organ transplant recipients.Clin Infect
Dis. 2018;67(9):1395-1402.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Kotton CN, Torre-Cisneros J; The

International CMV Symposium Faculty. Cytomegalovirus in

the transplant setting:Where are we now andwhat happens

next? A report from the International CMV Symposium 2021.

Transpl Infect Dis. 2022;24:e13977.

https://doi.org/10.1111/tid.13977

 13993062, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tid.13977 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/tid.13977

	Cytomegalovirus in the transplant setting: Where are we now and what happens next? A report from the International CMV Symposium 2021
	Abstract
	1 | INTRODUCTION TO THE MEETING AND CYTOMEGALOVIRUS
	1.1 | Meeting overview
	1.2 | CMV and the importance of immune evasion in the transplant setting
	1.3 | Risk of CMV in transplant settings
	1.4 | Testing for CMV in transplant settings

	2 | CMV IN THE TRANSPLANT SETTING-WHERE ARE WE NOW?
	2.1 | Is CMV still a major problem in HSCT?
	2.2 | Management of CMV in the HSCT setting
	2.3 | Understanding CMV risk in the SOT setting
	2.4 | Management of CMV in the SOT setting

	3 | UNDERSTANDING THE CHALLENGE OF CMV RESISTANCE
	3.1 | Immunotherapy in the management of CMV in transplant settings

	4 | MANAGEMENT OF CMV INFECTION IN PEDIATRIC SOT PATIENTS
	5 | TOWARD PERSONALIZED MANAGEMENT-USING CMV-SPECIFIC IMMUNITY TO INFORM DECISION MAKING
	6 | LOOKING TO THE FUTURE OF CMV MANAGEMENT IN THE TRANSPLANT SETTING
	6.1 | Novel therapeutics
	6.2 | Novel cellular therapies
	6.3 | Vaccines

	7 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	The international CMV symposium faculty

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


