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Cytomegalovirus (CMV) infection poses significant challenges in solid organ transplant (SOT) recipients, impacting graft outcomes, morbidity, and in some cases survival. The ESOT CMV Workshop 2023 convened European experts to discuss current practices and advances in the management of CMV with the aim of improving the quality of life of transplant recipients. Discussions covered crucial areas such as preventive strategies, diagnostic challenges, therapeutic approaches, and the role of cell-mediated immunity (CMI) monitoring. Despite advances, ambiguity persists in optimal CMV management across European transplant centers. Preventive strategies, including universal prophylaxis and pre-emptive therapy, are effective but consensus is lacking with respect to the preferred approach. Diagnostic challenges such as standardization of viral load thresholds and detection of end-organ disease complicate timely intervention. While newer therapies like maribavir hold promise for treating complicated CMV infections, sustaining viral clearance remains a challenge. Integrating CMI monitoring into CMV management could personalize treatment decisions but has limitations in in terms of predictive value and accessibility. Further research is needed to fill these gaps and optimize CMV management. The collaborative efforts, led by the European Society for Organ Transplantation (ESOT), aim to standardize and improve CMV care, ensuring better outcomes for SOT recipients.
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INTRODUCTION
Cytomegalovirus (CMV) is a widespread herpes virus [1]. CMV seroprevalence affects approximately 80% of the global population, and tends to increase with age [2]. However, there is considerable inter-country variation. France has reported a CMV seroprevalence point estimate of 41.9% among individuals aged 15–49 years, whereas Croatia has reported an overall rate of 74.4% [3, 4]. Although CMV infection is usually asymptomatic or results in only mild disease in the general population, it can lead to severe outcomes in patients who are immunosuppressed, particularly solid organ transplant (SOT) recipients, where latent CMV infection may reactivate and lead to CMV disease [1, 5]. Post-transplant CMV disease may also result from transmission through an infected transplanted organ in seronegative patients [1, 5], significantly impacting graft loss, morbidity and occasionally mortality [6–8]. CMV disease typically occurs within 3 months of transplant (early-onset), although onset may be delayed when antiviral prophylaxis is preferred (late-onset) [5, 9]. Invasive disease can result as a direct cytopathic effect of CMV in organs, manifesting as pneumonia, gastrointestinal (GI) tract disease, hepatitis, encephalitis, and retinitis. CMV infection can also indirectly impact graft function and exacerbate the risk of opportunistic infections [5].
The management of CMV disease in SOT recipients varies considerably across different European centers, highlighting the absence of standardized care protocols [10, 11]. The European Society for Organ Transplantation (ESOT) organised a 1-day workshop on the “Management of CMV in solid organ transplant recipients” in Milan, Italy, on 17 November 2023 with the primary objective of discussing strategies to harmonize CMV management practices across Europe. Experts in the field discussed historic and current diagnostic and therapeutic approaches to the management of CMV. The workshop provided an opportunity for delegates involved in CMV management to share country-specific insights and explore strategies aimed at improving treatment outcomes in SOT settings. Consisting of five expert-led sessions covering CMV prevention, testing, diagnosis, management, and immune monitoring, and complemented by interactive case study sessions, the workshop aimed to elucidate key insights and strategies for improving treatment outcomes in SOT settings. This meeting report summarizes clinical cases analyzed during the workshop, focusing on opportunities to improve outcomes for transplant recipients through cell-mediated immunity (CMI) and the management of resistant or difficult-to-treat CMV disease and reviews the highlights and emerging trends discussed during the workshop, offering valuable insights into the evolving landscape of CMV management in SOT recipients. The Scientific Leads determined the three topics for the case studies: CMV disease, CMV resistance, and immune monitoring for CMV. The three case studies were then independently developed by the faculty.
MANAGEMENT OF CMV INFECTION AND DISEASE
The Relationship Between CMV and Patient Outcomes
CMV is the most common pathogen detected after SOT and is associated with significant morbidity and in some cases may lead to death or graft loss [12]. Therefore, understanding the relationship between CMV and patient outcomes post-transplantation is critical. CMV infection has complicated SOT since the first procedure [13]. In a 1964 study by Hill RB et al, among the 61 SOT recipients included, 32 died (mainly kidney recipients), with a median survival post-transplant of only 36.5 days. Notably, autopsy findings revealed that 26 of these patients had active pulmonary infection, with CMV identified as the predominant pathogen in 58% of cases, suggesting a possible association between CMV pneumonitis and mortality [14]. In addition to direct effects related to organ-specific infections, later reports showed an association between CMV infection and acute or chronic graft rejection. In a pivotal study from Grattan MT et al, CMV infection was found to be associated with acute rejection and coronary artery disease in heart transplant recipients [15]. More recently, in a retrospective cohort study involving 192 kidney transplant recipients, patients with CMV disease had a significant likelihood of developing acute rejection after CMV infection or reactivation [16]. Additionally, in 2014 Stern and colleagues conducted a study involving 1414 recipients of heart, kidney, liver, or lung allografts, revealing an increased risk of biopsy-proven graft rejection within 4 weeks after CMV replication was detected [17].
Advances in screening, prophylactic antiviral therapy, and pre-emptive treatment have mitigated the impact of CMV disease on morbidity and mortality following SOT. However, although significant improvements have been made, in the current era, morbidity and mortality data related to CMV disease during organ transplantation remain variable despite advancements in antiviral treatments and the use of newer immunosuppressive drugs [18].
Likelihood of CMV infection in patients undergoing SOT is influenced by several factors. The most significant risk factor is the serological status of the donor (D) and recipient (R), determined by the presence or absence of anti-CMV antibodies. The highest risk of CMV infection occurs when an organ from a CMV-seropositive donor (D+) is transplanted into a CMV-seronegative recipient (R-), designated (D+/R-). Consequently, pre-transplant screening is widely acknowledged to be of paramount importance [19]. Additionally, the type of organ transplanted also affects the CMV risk, with lung transplant recipients facing the highest susceptibility, followed by heart, kidney, and liver recipients (Figure 1). Thus, the riskiest scenario regarding CMV infection involves lung transplantation from a seropositive donor to a seronegative recipient (D+/R-). The level of immunosuppression is also important to consider, with the administration of lymphocyte-depleting antibodies (i.e., anti-thymocyte globulin [ATG]) as induction and/or anti-rejection therapy also being associated with increased incidence of CMV, in seropositive recipients. Of note, risk stratification based on donor and recipient serology may only partially estimate the risk for CMV disease. Case 1 underscores the importance of considering all the factors associated with CMV infection (Figure 2), such as in a D+/R+ scenario in the presence of additional risk factors like the need for increased immunosuppression.
[image: Diagram showing risk of CMV infection related to donor and recipient CMV status, transplanted organ, and immunosuppressive therapy. High risk occurs with a CMV-positive donor and CMV-negative recipient, regardless of the organ transplanted. Organs listed are liver, kidney, heart, and lung. Immunosuppressive therapies include mTOR inhibitors, Tacrolimus, MPA, and Belatacept or ATG.]FIGURE 1 | The “hierarchy” of risk with respect to CMV infection, from lowest to highest risk. *Only a higher risk in R+ patients. The choice of immunosuppressant therapy may vary depending on the organ transplanted as certain immunosuppressive therapies may not be suitable for all types of transplants. MPA, mycophenolic acid; mTOR, mammalian target of rapamycin.[image: Timeline chart detailing the postoperative case of a 45-year-old female heart transplant recipient with dilated cardiomyopathy. Key events include various clinical evaluations and actions taken at different stages, from day 7 to 9 weeks post-operation. Highlights include adjustments in medication, changes in therapy based on white blood cell and CMV levels, and patient symptoms. Key discussion points include the role of CMI monitoring and managing treatment doses based on serology and risk factors.]FIGURE 2 | Case 1: immune monitoring for CMV. *First available evaluation. ACR, acute cellular rejection; AKI, acute kidney injury; BID, twice daily; Clcr, creatinine clearance rate; CMI, cell-mediated immunity; CMV, cytomegalovirus; CMVIg, cytomegalovirus immunoglobulin; cPRA, calculated panel reactive antibody; DCM, dilated cardiomyopathy; GCSF, granulocyte colony-stimulating factor; IV, intravenous; MMF, mycophenolate mofetil; OD, once daily; rATG, rabbit antithymocyte globulin; TDM, therapeutic drug monitoring; WBC, white blood cell.Strategies to Improve CMV Infection and Disease Outcomes
Given the profound implications of CMV disease in SOT recipients, effective CMV prevention strategies can enhance the success and improve the outcomes of transplant procedures. Two preventive strategies are available (Figure 3): universal prophylaxis (administration of antivirals to all patients at risk, starting within 10 days after transplant and continuing for at least 3 months and up to 12 months in D+/R- lung transplant recipients [duration dependent on organ transplanted and D/R serostatus]) or pre-emptive therapy (monitoring for DNAemia every week, followed by the administration of antivirals until at least two consecutive negative DNAemia tests are achieved or according to center-specific thresholds) [6]. Both strategies are effective in preventing CMV disease, with no consensus on the superiority of one over the other, but with prophylaxis preferred in lung transplants and pre-emptive therapy in liver [21–23]. The choice between universal prophylaxis and pre-emptive therapy will be driven by the expected relative benefits of each strategy (Table 1) as well as the clinical situation in the individual patient. As an illustration, in case 1, a patient (D+/R+) undergoing a heart transplant, who based on serology and transplanted organ could be considered to be at lower risk of CMV infection than a seronegative recipient and a candidate for pre-emptive therapy, received universal prophylaxis with valganciclovir due to the increased risk of CMV disease associated with potent immunosuppression (Table 1; Figure 2).
[image: Diagram comparing preventive strategies for CMV disease post-transplantation. Panel A shows prophylaxis. Panel B illustrates pre-emptive therapy initiated after positive CMV DNAemia detected by PCR, continuing until two consecutive negative PCR tests. Positive and negative CMV DNAemia are represented by red and gray arrows, respectively.]FIGURE 3 | Two available preventive strategies for CMV: (A) universal prophylaxis and (B) pre-emptive approach. Figure was created by Oriol Manuel. Adapted and reproduced with permission from [20].TABLE 1 | An overview of authors’ consensus on preventive measures for CMV.	Preventive strategy	Universal prophylaxis	Pre-emptive approach
	Criteria	• Given to all patients at risk	• Weekly monitoring of viremia during the first 3 months and then twice a month from months 3–6
• Antivirals continued until at least two consecutive negative DNAemia tests are achieved or according to center-specific thresholdsa
	Frequent preferred indications	• High-risk serostatus (D+/R-)b
• Lung transplant recipients
• Potent immunosuppression (such as the use of belatacept or induction with ATG in R+ patients)
• History of CMV reactivation
• Limited monitoring capabilities
• Individual patient factors	• Lower risk patients (CMV seropositive recipients and those not receiving ATG) [24]
• May be given to D+/R- patients only in centres capable of performing strict and reliable monitoring of DNAemiac
	Benefits [25]	• Easy to implement
• Potential to prevent other herpes viruses (in the case of valganciclovir), other opportunistic infections and rejection
• May influence graft function and may reduce the impact of indirect effects of CMV
• Prevention of severe CMV disease
• May be more appropriate in resource-limited settings where close monitoring is unavailable	• Reduced drug exposure
• Preservation of immune response
• Lower overall drug cost
• Targeted treatment with individualized approach
• Early detection of CMV reactivation
• Patient-centered care
	Challenges	• Associated with a higher incidence of late-onset CMV, so needs clinical monitoring after discontinuation of antivirals
• High costs (for letermovir)
• Drug toxicity (for valganciclovir)
• Higher risk of antiviral resistance
• Reduces immunobiological control
• Difficulty in determining optimal duration of prophylaxis
• Risk of drug interactions with other medications/immunosuppressives	• Requires close monitoring (risk of missed reactivation events)
• No universal value for the initiation of treatment and cut-off values are center specific
• Risk of over-treatment or under-treatment
• Impact on indirect effects of CMV unknown
• Does not address other herpes viruses
• Higher logistic costs
• Patient education and engagement


a There is no consensus on a specific threshold but rather on a significant increase of viral load.
b Preference is based on opinions at the workshop and is in line with the results of a survey conducted by ESOT in 2022 (in which 90% of respondents reported use of prophylaxis in D+/R- patients) [26] and current guidelines that support prophylaxis in kidney and cardiothoracic patients [19]. The situation is different for patients undergoing liver transplantation.
c Grossi PA, et al. Transpl Int. 2022;35:10332 [26].
Valganciclovir is the standard of care for CMV prophylaxis in the most at-risk donor−recipient category (D+/R-) [27]. However, prolonged exposure in the setting of universal prophylaxis can lead to drug toxicity, in particular leukopenia [27]. A recent study by Limaye and colleagues demonstrated that letermovir is non-inferior in effectiveness to valganciclovir for CMV prophylaxis in D+/R- kidney transplant recipients, but with lower rates of leukopenia or neutropenia, suggesting its potential as a preferred option in D+/R- kidney transplant patients [27]. Furthermore, the use of CMV immunoglobulin (CMVIg) in combination with antivirals in CMV prophylaxis may be beneficial in specific circumstances, especially in D+/R- recipients of thoracic organs [28–30]. A meta-analysis assessed CMV infection rates in SOT patients who received prophylactic CMVIg, revealing a lower incidence of CMV infection in this cohort. Specifically, the average CMV infection rate was 35.8% (95% CI: 33.4%–38.2%) among patients who received CMVIg, compared with 41.4% (95% CI: 38.6%–44.2%) in the control group not receiving CMVIg (p = 0.003) [28]. Despite these promising results, the use of CMVIg remains controversial due to the lack of recent interventional data on efficacy.
Challenges With Testing and Diagnosis Techniques for CMV and Strategies for Improvement
Unlike universal prophylaxis, a pre-emptive approach to CMV prevention requires regular monitoring for CMV viremia [6]. The quantitative nucleic acid amplification test detects and quantifies CMV DNA and is preferred over antigenemia. It has become the standard of care for diagnosing and monitoring post-transplant CMV infection [31]. Post-transplant monitoring typically occurs weekly during the first 3 months and then twice a month from months 3–6 as patients stabilize. Despite the international standardization of reporting all viral load values in IU/mL during the QNAT, a consensus around viral load thresholds remains a challenge because laboratory assays and matrix choices differ between centers. This leaves individual centers with the task of determining specific thresholds in their laboratories [26].
Studies have shown that an increase in viral load correlates with the occurrence of CMV disease [5]. Therefore, focusing on viral load trends over time is more useful and important for predicting disease development and guiding therapeutic decisions than using center-specific absolute viral load values, which lack standardization [5]. To illustrate this, in case 1, CMV DNA in the blood increased 10-fold in 2 weeks, which prompted treatment with an antiviral, granulocyte-colony stimulating factor (GCSF) and CMVIg. It is important to underline that DNAemia values from plasma and whole blood are not comparable [5], so it is crucial not to change tests or matrix choices during treatment and follow-up. Additionally, in our opinion, distinguishing the clinical significance of a viral load increase is complicated by free DNA release into plasma from infected cells, potentially leading to low-level or persistent DNAemia, which could be mistaken as an indication of active replication. In this context, assessment of late mRNAemia in the plasma could help identify episodes of active viral replication and could have the potential to shorten the duration of pre-emptive or prophylaxis strategies and aid the management of long-term infections, in particular when using drugs that inhibit CMV replication steps downstream of DNA polymerase, such as letermovir and maribavir [32]. Nevertheless, this tool is still undergoing investigation and validation.
The presence of CMV disease is possible even if all diagnostic criteria are not met and treatment should be initiated in such situations. Diagnostic criteria may vary depending on the organ involved, and relying solely on QNAT may not always be sufficient, particularly in GI tract-related CMV disease [33]. In the GI tract, end-organ disease can be evident (positive immunohistochemistry [IHC]) despite negative DNAemia [34]. Therefore, diagnosis of CMV GI disease requires the presence of upper and/or lower GI symptoms along with endoscopic evidence or laboratory confirmation of CMV infection [33]. Additionally, it is possible for biopsy samples to be taken from unaffected parts of the intestine in individuals with CMV GI disease. Confirmation of CMV pneumonia typically involves clinical signs and/or symptoms suggestive of pneumonia combined with laboratory confirmation of CMV in lung tissue [33]. In case 2, a lung transplant recipient exhibited CMV viremia but negative IHC results from an esophageal biopsy (Figure 4). Despite this negative IHC result for esophagitis, treatment for CMV disease was initiated in the patient. This decision was based on the fact that the patient had a clinical syndrome suggestive of CMV disease.
[image: Timeline and discussion points for a medical case involving a 50-year-old male patient with a history of lung transplant and Candida infection. The timeline (May to June 2023) describes clinical evaluations and actions like starting and stopping medications such as valganciclovir and foscarnet. Key discussion points highlight challenges in diagnosing and treating CMV disease and strategies for overcoming drug toxicity and resistance.]FIGURE 4 | Case 2: Managing difficult to treat CMV disease. CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; GCSF, granulocyte-colony stimulating factor; IHC, immunohistochemistry; IST, immunosuppressive therapy; MMF, mycophenolate mofetil.Treatment of CMV Infection and Disease
First-line treatment of CMV infection or disease is oral valganciclovir or intravenous ganciclovir, with the latter often preferred in cases of life-threatening CMV, very high viral loads, or when oral absorption of medication is a concern [6]. Valganciclovir is a prodrug of ganciclovir, with both inhibiting viral DNA polymerases. In addition, these drugs can lead to varying degrees of bone marrow suppression and subsequently, neutropenia [35]. Oral valganciclovir has a longer half-life than intravenous ganciclovir meaning prolonged exposure (or slower clearance) of the drug and its metabolites [36]. Therefore, oral valganciclovir would be expected to be associated with a greater degree of neutropenia than intravenous ganciclovir, which was evident in study WV15376 (11% vs. 13%, respectively) [36, 37]. Higher incidences of neutropenia may be observed in patients with decreased kidney function, as this leads to reduced clearance of ganciclovir and a prolonged terminal half-life [36]. Neutropenia is one of the most common adverse event associated with valganciclovir, as was reported in case 2 (Figure 4) [38]. In cases of valganciclovir-induced neutropenia, dose adjustments or discontinuation of therapy, as well as management of other drugs, may be necessary, particularly if neutrophil counts fall below pre-defined thresholds or clinical symptoms of infection arise. Close monitoring of blood counts, particularly neutrophil levels, is crucial during valganciclovir therapy to manage neutropenia-related complications promptly.
Of note, as highlighted in case 2, neutropenia should not automatically prompt discontinuation of valganciclovir. Bone marrow suppression and neutropenia can also be caused by CMV infection itself [39], making it essential to assess whether neutropenia is a direct consequence of CMV replication. This may involve evaluating CMV viral load by DNAemia or other diagnostic tests to confirm active CMV infection. Furthermore, it is imperative to consider and investigate other potential underlying conditions or factors that could contribute to neutropenia. These may include medications commonly used in transplant recipients, such as immunosuppressive or anti-infective agents (e.g., mTOR inhibitors, mycophenolic acid, trimethoprim sulfamethoxazole). Additionally, concomitant viral infections (e.g., Epstein−Barr virus, Human Herpesvirus-8 [although relatively infrequent], and Parvovirus B19, adenovirus), hematologic disorders, or nutritional deficiencies need to be excluded. Once other potential causes are excluded, the initial consideration can be granulocyte-colony stimulating factor (GCSF) administration, followed by a possible switch to an alternative drug with a more acceptable safety profile (Figure 4) [35]. It is not recommended to use foscarnet or cidofovir to overcome valganciclovir toxicity, given their less acceptable safety profiles. Although it is preferred to only use these drugs as an alternative to valganciclovir in case of documented ganciclovir resistance, guidelines recommend considering foscarnet in refractory CMV cases with severe clinical symptoms or life-threatening disease [6]. Where available, maribavir can be considered for refractory or ganciclovir resistant infection in cases of intermediate viral loads, or as second step approach after an initial short course with foscarnet [6]. This approach is likely to minimize the toxicity of foscarnet and the risk of maribavir resistance that may occur when treating high viral loads.
Tailoring treatment approaches to each clinical scenario is essential for optimizing patient care. Impaired kidney function can lead to decreased drug clearance and increased drug concentrations, potentially increasing the risk of drug toxicity [40]. Therefore, in cases of kidney impairment, treatment doses should be adjusted according to kidney function to minimize adverse events, as highlighted in case 1 (Figure 2). However, despite these recommendations, data from kidney transplant recipients suggest that as many as one-third of patients may be receiving a dose of valganciclovir that is too high [41]. Immunosuppressive drugs, including corticosteroids, calcineurin inhibitors (e.g., tacrolimus and cyclosporine), and in particular antimetabolites (e.g., mycophenolate mofetil or mycophenolic acid), inhibit the immune response by suppressing the activity of immune cells, including T cells and natural killer cells [42], thus hindering immune surveillance and the ability to combat CMV infection. Switching or reducing immunosuppressive therapy should be considered as an adjunct to antiviral therapy to improve treatment outcomes, as demonstrated in case 1 (Figure 2).
Monitoring CMV viral load and complete blood count should be conducted on a weekly basis to guide the duration of therapy. Treatment should continue for a minimum of 2 weeks, until DNAemia falls below the detection threshold and signs and symptoms of CMV disease are resolved [6]. As introduced above, DNAemia may not accurately reflect CMV disease status in all clinical situations and longer courses of treatment may be needed, for example, in the treatment of tissue-invasive GI disease and pneumonitis in lung transplant recipients [6]. If a patient fails to respond after the recommended treatment duration with (val)ganciclovir, maribavir could be considered as an alternative option (Figure 4). However, as outlined earlier, we advise caution when using maribavir in patients with a high viral load due to the potential risk of selecting a resistant mutant [43]. Treatment failure may result from a resistant/refractory CMV infection or low adherence. Therapeutic drug monitoring, although not generally recommended in current guidelines, can be helpful in cases of suspected low adherence, or to ensure optimal drug levels in cases of kidney insufficiency, although a valganciclovir concentration clearly predictive of CMV clearance has not been determined [44]. If treatment fails in an adherent patient who meets the criteria for refractory disease, testing for resistant CMV should be considered.
Treatment of Refractory/Resistant CMV Infection
Despite preventive strategies and well-established antiviral therapies, managing refractory/resistant CMV infection in patients undergoing SOT remains a significant challenge. Resistant/refractory CMV infection is defined as the failure to respond after 14 days of appropriate treatment [45]. Table 2 provides an overview of the definitions for refractory and resistant CMV infection. Ensuring appropriate dosing of antivirals is essential in the management of CMV infection, as suboptimal dosing can lead to an increased risk of treatment failure and resistance development [6].
TABLE 2 | Summary of definitions of refractory and resistant CMV [46].	Term	Definition
	Refractory CMV infectiona	CMV virema (DNAemia or antigenemia) that either:
1. Has a >1 log10 increase in CMV DNA levels in the same blood compartment from the highest level previously measured in the same laboratory and/or with the same commercial assay)
OR
2. Persists (≤1 log10 increase or decrease in CMV DNA levels) after ≥2 weeks of appropriate antiviral therapy.
	Resistant CMV infection	Refractory infection with the presence of genetic mutations correlating to antiviral resistance, which leads to treatment failure


a Refractory and probable refractory CMV infection are classified as one category.
In case of resistant CMV infection, mutations in the UL97 gene are most frequent, while UL54 mutations typically arise after prolonged pre-treatment and may lead to cross-resistance with cidofovir and foscarnet [45]. A laboratory study conducted in 2023 revealed CMV drug resistance in approximately 30% (n = 826/2750) of samples from transplant recipients sent for genotyping [47]. The most common resistance mutations in the UL97 gene were for ganciclovir and maribavir accounting for 27.64% and 9.96% of samples, respectively [47]. However, reported rates of CMV drug resistance may vary across publications. The annual reported incidence rate of ganciclovir resistance was less than 1% in 80% of transplant centers but reached up to 10% in some, according to the 2022 ESOT survey [26] and a recent trial of maribavir in patients with refractory or resistant CMV infection has reported a resistance rate in the region of 25% [43, 48]. Risk factors for resistant/refractory CMV infection include younger age, D+/R- serostatus, lung transplant, recurrent CMV infection, ongoing viral replication, prolonged antiviral treatment, subtherapeutic antiviral levels, high viral loads, and severe immunosuppression [45, 49]. Additionally, administering belatacept increases the risk of refractory CMV infection compared with other immunosuppressants. Belatacept was unable to sustain viral control relative to tacrolimus in high-risk recipients (n = 60) [50].
The latest international treatment recommendations for managing resistant CMV infection, as outlined in the 2025 guidelines, involves first reducing immunosuppression if feasible, followed by administering foscarnet, cidofovir, or high-dose ganciclovir depending on disease severity and genetic mutation type [6]. However, there is limited evidence supporting the use of high-dose ganciclovir. Additionally, older antivirals pose significant toxicity concerns, with ganciclovir linked to neutropenia, and foscarnet and cidofovir associated with a high risk of acute kidney injuries and increased mortality [51, 52].
Maribavir, an oral benzimidazole riboside antiviral, inhibits the CMV UL97 protein kinase involved in viral maturation and egress [53]. It was approved for the treatment of resistant/refractory CMV infection in the UK and Europe in 2022, with approval in the USA granted in 2021 [54, 55]. Maribavir is considered a valid alternative treatment for resistant/refractory CMV due to its more favorable safety profile [52]. A phase 2 study showed that ≥400 mg of maribavir twice daily achieved CMV clearance in SOT patients with resistant/refractory CMV [56]. The results from this study led to a large prospective phase 3 study in SOT and hematopoietic stem cell transplantation recipients (n = 352) with refractory CMV infection: after 8 weeks of therapy, maribavir showed greater CMV DNAemia clearance and fewer treatment discontinuations due to treatment-emergent adverse events compared with investigator-assigned therapy (valganciclovir/ganciclovir, cidofovir, or foscarnet) [52]. The viral response rate was 55.7%, compared with 23.9% in the investigator-assigned therapy group [52]. However, among the patients who achieved CMV clearance by Week 8 in the maribavir group, 66.4% of patients experienced a loss of response by Week 16 [52]. Alternative strategies, such as a longer treatment duration, should be evaluated, while also acknowledging the continued relevance of the conventional drugs, foscarnet and cidofovir, depending on the individual patient situation. However, it is important to note that from 6 weeks, maribavir can lead to CMV mutations and resistance in recurrent infections [57], and resistance to valganciclovir and maribavir in the same patient has been reported [58].
Letermovir disrupts the viral terminase complex (pUL56) and is currently approved for prophylaxis in patients undergoing hematopoietic stem cell transplantation or high-risk (D+/R-) kidney transplantation [59, 60]. Due to its more favorable safety profile and reduced risk of CMV resistance compared with valganciclovir, letermovir is sometimes used off-label for the treatment of resistant CMV, as observed in case 3 (Figure 5) [27]. However, there are concerns regarding the higher risk of resistant mutations, especially in patients with high viral loads, making letermovir potentially unsuitable in such patients [61].
[image: Patient history and case timeline for an 18-year-old male with ADPKD undergoing kidney transplantation evaluation in 2017. The timeline from February 2019 to December 2021 outlines clinical evaluations, actions taken, and outcomes, including hemodialysis, transplantation, and immunosuppressive treatments. Key discussion points emphasize adjusting immunosuppression, therapeutic drug monitoring, and considering new antiviral agents for resistant organisms.]FIGURE 5 | Case 3: Managing CMV resistance. ACR, acute cellular rejection; ADPKD, autosomal dominant polycystic kidney disease; CMV, cytomegalovirus; CMVIg, cytomegalovirus immunoglobulin; Clcr, creatinine clearance; FSGS, focal segmental glomerulosclerosis; IVIG, intravenous immunoglobulin; MMF, mycophenolate mofetil; TDM, therapeutic drug monitoring.Further “proof of concept” studies are needed to determine the role of letermovir in treating refractory infections and whether CMVIg can enhance T-cell response. In specific cases, combining CMVIg with antivirals may present a more viable approach. CMVIg can provide an additional mechanism of action by modulating the immune response through various mechanisms, including CMV neutralization, dendritic cell maturation modulation, decreased T-cell activation, and decreased cytokine production [62]. Although it is only licensed for prophylactic use, some clinicians use CMVIg off-label to support the treatment of resistant CMV infection. For example, in case 3, CMVIg was added to off-label letermovir treatment for a patient with hypogammaglobulinemia and ganciclovir-resistant CMV infection (Figure 5). Despite the potential benefits of CMVIg, there is limited evidence supporting its off-label use in the treatment of CMV infections [63, 64].
The Role of Cell-Mediated Immunity (CMI) Monitoring in CMV Disease
The integration of CMI monitoring into the care pathway for CMV disease has the potential to revolutionize the management of CMV infection by offering a personalized approach to CMV management and enhanced care for individual patients [65]. CMI monitoring measures the production of interferon gamma, or other cytokines, produced by T cells in response to CMV antigens [66]. The level of CMI is commonly quantified using the ELISPOT or QuantiFERON-CMV assay [55]. Typically, a high CMI response indicates protection against CMV disease, whereas a low CMI response increases the risk of CMV reactivation or progression [66]. The impact of immunosuppressants on CMV-specific T-cell functionality varies [67], and by closely monitoring the immune response, preventive and curative strategies may be tailored appropriately [66, 68].
CMI monitoring can be used as a decision-making tool at various stages of the patient journey (Figure 6) [65]. Unlike serology, which may misrepresent the risk of CMV infection in some patients, particularly D+/R+ patients, CMI is primarily driven by T cells and does not rely on B-cell antibody production [70]. CMI monitoring can be useful for stratifying the risk of CMV infection [31, 71, 72]. with the absence of pre-existing CMV-specific CMI in the recipient increasing the risk of CMV infection [31, 73]. In a prospective multicenter study in D+/R+ kidney recipients deemed to be at high risk for CMV based on pretransplant CMI significantly higher CMV infection rates were observed compared with those considered to be at lower risk, regardless of whether prophylaxis or pre-emptive protocols were followed [74]. However, with some immunosuppressive regimens additional comprehensive profiling of cytokine and chemokine responses may improve the performance of CMV-specific CMI [67, 68].
[image: Schematic detailing the potential use of CMI different stages along the patient journey. Panels A and B discuss use prophylaxis based on CMI. Panels C and D address therapies for asymptomatic and symptomatic patients, indicating use or discontinuation of pre-emptive or curative therapies contingent on CMV DNAemia and CMI results. Panels E and F describe when to stop or continue therapies depending on the negativity or positivity of CMV DNAemia and CMI. Arrows and color codes signify different conditions and treatments.]FIGURE 6 | The potential use of CMI monitoring: (A) at transplantation; (B) during prophylaxis; at the onset of the infection in asymptomatic (C) and symptomatic patients (D); (E) during pre-emptive therapy in asymptomatic patients; (F) at the end of the infection in symptomatic patients [69]. Based on Kaminski H, et al. Immunol Rev. 2020; 298:264–88.In case 1, CMI monitoring was used to assess the necessity of CMVIg treatment. An indeterminate QuantiFERON-CMV result, typically interpreted as negative, suggested low or no overall immunity, including against CMV, prompting the initiation of CMVIg. Additionally, CMI monitoring could have guided the decision on universal prophylaxis initiation or earlier initiation of valganciclovir (Figure 2). This approach allows low-risk patients to avoid unnecessary CMV preventive therapy and minimize their exposure to antivirals, consequently decreasing the associated risk of adverse effects [66].
If CMI is positive, prophylaxis could be discontinued earlier as was demonstrated in a recent study in D+/R- kidney and liver transplant recipients receiving prophylactic valganciclovir [75] and a similar study in CMV seropositive kidney transplant recipients receiving ATG [76]. Thus, CMI measurements could be used to tailor the duration of prophylaxis, particularly in high-risk patients, aiming to reduce the risk of toxicity [66]. However, although no difference in CMV disease and replication has been shown in some studies [76], others have been unable to establish non-inferiority of this CMI-guided approach on CMV infection [75]. In patients with low-level DNAemia, CMI testing serves as an adjunctive tool to guide the decision to initiate curative treatment in symptomatic patients, and to determine its optimal duration, or to guide pre-emptive therapy in asymptomatic patients [66]. Interestingly, patients with an indeterminate result appear to be over-immunosuppressed and have a greater risk of CMV reactivation than those with a negative result [66], as observed in case 1 where the patient, a high-risk individual post-rabbit ATG (rATG) administration, exhibited an indeterminate result (Figure 2).
Despite the promising findings from several studies, the integration of CMI monitoring into routine clinical practice still faces challenges due to certain limitations. These include the lack of a clearly defined protective threshold, timings, and accessibility. Where CMI is not available, clinicians can refer to alternative indicators of global immunity, such as lymphocyte count or hypogammaglobulinemia. Low levels of lymphocytes and immunoglobulins may indicate the need for additional interventions in patients at risk of CMV disease.
Before CMV-specific CMI monitoring can be integrated into routine clinical practice, several questions regarding immune-guided CMV management must be addressed. These include understanding why current CMI monitoring has a poor predictive value for D+/R- patients, explaining the reasons behind the occurrence of CMV infections in some R+ patients despite a positive QuantiFERON test result, and exploring the mechanisms enabling certain CMI−CMV patients to control CMV infection following curative treatment. Addressing these questions is essential for optimizing the utility of CMI monitoring in personalized CMV management strategies.
CONCLUSION
The management of CMV presents complex challenges, underscoring the necessity to standardize CMV management through an evidence-based approach. The workshop highlighted the need for further close collaboration between experts in the field to continue optimizing CMV management. Newer antivirals, such as maribavir, could reduce antiviral-associated toxicity in resistant/refractory CMV infections, but limitations remain. CMI is increasingly being employed to make key decisions throughout the patient’s treatment journey however, more information is required before CMI becomes a part of routine practice. ESOT will continue to try to streamline and optimize the management of CMV infection and disease in this challenging population.
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Patient history

* 18-year-old male with ADPKD

* Underwent a pre-emptive evaluation for kidney transplantation in 2017 and was found to be CMV IgG- and CMV IgM-

Case timeline

= February 2019 s September 2020

Clinical evaluation

* Patient developed
hypogammaglobulinemia

Action taken

Action taken Clinical evaluation

* Suitable kidney donor found (CMV
IgG+and CMV IgM-), and patient
proceeded with transplantation

Action taken

» Started on
hemodialysis whilst on
the waiting list for

kidney transplantation

» Basiliximab induction with

> CMVig was added to
valganciclovir prophylaxis

tacrolimus, MMF and
steroid maintenance

» Clcr-based valganciclovir prophylaxis
from Day 0 of transplantation and co-
trimoxazole at Day 2

Clinical evaluation

* Biopsy on Day 12 post transplantation
showed Banff grade lla rejection

Action taken

» Pulse steroids on Day 14

Key discussion points

* Reduction or change in immunosuppression can be considered as an adjunct to
antiviral therapy

* TDM can be helpful in cases of suspected low adherence

Clinical evaluation

* Increases in proteinuria

* Increasein CMVin the
blood (5000 IU/mL)
(suspected low
adherence/resistance)

Action taken

> IV ganciclovir for 21 days
and CMVIg twice a week

Clinical evaluation

* Continued increase in
CMViin the blood
(12,500 1U/mL)

Action taken

> Letermovir
added off-label

wesssss October 2020 www  February 2021 === April 2021

Clinical evaluation

 Worsening of
proteinuria and
continued increase
in CMV (27,000 1U/mL)

* Resistance to
gandidovir (UL97)

Action taken

» Foscarnet introduced

Clinical evaluation

* Severe neurotoxicity
to foscarnet

Action taken

» CMVig and
letermovir continued

June 2021

Clinical evaluation

= Severe proteinuria,
collapsing FSGS, ACR la

Action taken

> IVIG, CMVg (three times
aweek and then once a
‘week) and letermovir

Clinical evaluation

* Viremia

became negative

wes  September 2021

Clinical evaluation

+ Zoster ophthalmicus
was established
Allograft
nephrectomy was
proposed to stop
immunosuppression,
butthe
patient refused

December

2021 =

Clinical evaluation

+ Terminal allograft
dysfunction

Action taken

> Hemodialysis

If initial treatment fails and patient meets criteria for refractory disease, testing for resistant organism
can be considered

Newer antiviral agents, such as maribavir or letermovir, can be considered for resistant organisms. Some
groups use letermovir off-label in this setting. However, this is not recommended, especially when viral
load is high
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Transplantation

If CMI is positive, prophylaxis may not be
needed, whereas a negative CMI could
indicate that prophylaxis is necessary

Asymptomatic patients
1+ No therapy

o Pre-emptive therapy

Transplantation

When CMV DNAemia is detected but CMI
is positive, pre-emptive therapy may not be
needed. However, a negative CMI could
indicate that pre-emptive therapy should
be initiated

Pre-emptive + S0
therapy | Pre-emptive
therapy

—_—ttyy

Transplantation

If CMV DNAemia becomes negative and
CMI is positive then pre-emptive therapy
can be stopped. However, if CMI is negative,
pre-emptive therapy can be continued

- - =+

[

Transplantation

If CMI is positive, prophylaxis could be
discontinued earlier

Symptomatic patients
D l+ No therapy

o Curative therapy

Transplantation

When CMV DNAemia is detected but CMI
is positive, treatment may not be needed.
However, a negative CMI could indicate
that curative therapy should be initiated

Curative + S
therapy il Curative
therapy

Transplantation

If CMV DNAemia is negative and CMI is
positive, then curative therapy can be
stopped. However, if CMI is negative,
curative therapy can be continued

¥ Positive CMV DNAemia 4 Negative CMV DNAemia + Positive CMI - Negative CMI
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Patient history

* 50-year-old male (D+/R-) presented with a Candida infection of the anastomosis; had a lung transplant for COPD (November 2022)
* Received IST (tacrolimus, MMF and prednisone) and prophylaxis (life-long cotrimoxazole and 6-month valganciclovir [stopped April 2023])

Case timeline

Prophylaxis

—— — May 2023
Clinical evaluation Clinical evaluation

* During prophylaxis, blood CMV: positive * Diarrhea, fatigue, and malaise

(400 1U/mL) (potential suboptimal adherence) + Blood CMV: positive (18,100 IU/mL)

« After discontinuation of prophylaxis, blood Action taken
CMV: negative » Valganciclovir started
Clinical evaluation

* Patient then presented with esophagitis and CMV/
in the blood was positive (12,100 IU/mL) whilst the

IHC was CMV negative

——— June 2023

Action taken

» Valganciclovir was reintroduced and then switched to foscarnet
Clinical evaluation

* Foscarnet toxicity

Action taken

» Foscarnet stopped

Clinical evaluation

* Negative UL97 (ganciclovir resistance) and UL54 (foscarnet resistance) mutations
Action taken

» IV ganciclovir with CMVig

* Patient developed refractory CMV and neutropenia Clinical evaluation

Action taken
» Valganciclovir was withheld

Key discussion points
CMV disease is often probable even if all diagnostic criteria are not met e.g.,, CMV in the blood with
negative IHC

In cases of neutropenia, other causes should be considered first before stopping valganciclovir
during a CMV infection

To overcome (val)ganciclovir toxicity, a multistep approach that includes modulating other drugs
(i-e., MMF) and using GCSF should be implemented

* CMV DNAemia 5500 IU/mL; ganciclovir led to a relapse of neutropenia
Action taken

» Maribavir started

Clinical evaluation

* Neutropenia resolved quickly after the switch to maribavir

ive treatment, like foscamet, should be considered regardless of IHC / unconfirmed ganciclovir
resistance if a patient has severe symptoms or a clinical syndrome suggestive of CMV disease

Maribavir is an option for refractory CMV and when a patient is intolerant to foscarnet; however, using
maribavir with a high viral load is not recommended due to the risk of developing resistance

Using maribavir for refractory infections, especially when the viral load has decreased from the initial peak,
may help overcome (val)ganciclovir toxicity and clear CMV more quickly*

(GCSF can also be considered for the treatment of neutropenia
When a patient has a prolonged treatment duration (over 2 weeks) refractory CMV can be considered
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Patient history

45-year-old female (D+/R+) with DCM who had 65% cPRA; had heart transplant

Received rATG, tacrolimus, MMF and steroids

Case timeline (post operative)

Day 7*

Action taken

> Started 3 -month
valganciclovir prophylaxis

> 450 mg/d (half the usual
dose) due to an estimated
Cler of 35 mL/min

Day 21

Action taken
> Discharged with high
tacrolimus trough levels
(14 ng/mL), 1.5g MMF BID
and S mg prednisone OD

Key discussion points

s Outpatient visit 1 s

Clinical evaluation

* Normal graft function

* Negligible focal cellular
rejection
Neutropenia and leukopenia
Improved renal function
(estimated Cicr 55 mL/min)
CMV DNA 220 1U/mL
(detection threshold= 110)

Action taken

> Valganciclovir increased
10 900 mg OD

» MMEF reduced to 500 mg BID

2 weeks later

Clinical evaluation

* WBC level increased and
was stable

* ACR with initial diastolic
dysfunction

Action taken

» Pulse steroids and
1g MMF BID

Clinical evaluation

* Blood CMV: negative

Action taken

» Valgancidlovir stopped

Usefulness of CMI monitoring: at transplantation, can inform need for prophylaxis, when prophylaxis can be
stopped and when any subsequent treatment can be stopped

Risk of CMV disease based on serology can be underestimated as some patients with D+/R+ can still be at high risk

Leukopenia and neutropenia unlikely to be related to valganciclovir given the slight underdosing at

outpatient visit and WBC count normalized by reducing MMF, despi

increased valganciclovir

4 weeks later

Clinical evaluation

Rejection cleared

'WBC and neutrophil levels
increased

CMV DNA in the blood
increased to 2340 IU/mL

Clinical evaluation
Diarrhea and feeling feverish
Worsening renal function
(estimated Clcr 28 mL/min)
Severe neutropenia, AKl and
CMV disease apparent
(CMV DNA 25,838 1U/mL)

Action taken

> IV gandiclovir, GCSF and
rehydrating therapy started

> Gandiclovir dose adjusted
based on TDM

Clinical evaluation

* QuantiFERON CMV negative

Action taken

> CMVig added

6 weeks later

9 weeks later

Clinical evaluation

* Blood CMV dleared

+ CMI (QuantiFERON)
remained negative

Action taken

» CMVig maintenance for a
subsequent 3 months
until positive CMI

—

If patient is at high risk (eg due to receiving rATG/over-immunosuppression), and has
indeterminate CMI response (indeterminate QuantiFERON-CMV assay result), the patient

should be treated

Adjust treatment doses according to renal function. TDM may facilitate more precise
dose adjustments but is not recommended in current guidelines
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