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Introduction: CMV the troll of transplantation
“Cytomegalovirus (CMV) is the most common recognized 
pathogen in the first six months after renal transplantation. 

Although once considered a commensal organism, evidence is 
now overwhelming that CMV is a major cause of posttransplant 
fever and leukopenia in renal allograft recipients, and is often 
responsible for pneumonitis, hepatitis, retinitis, encephalitis, 
and even death.
Cytomegalovirus infections complicate bone marrow and 
cardiac transplantation as well.
Specific treatment of posttransplant CMV infection is still not 
possible. 
Vidarabine (adenine arabinoside), which appears therapeutic for 
certain herpes group infections, has been ineffective for 
treatment of CMV in renal allograft recipients. In addition, the 
drug may have CNS toxicity in patients with impaired renal 
function.
The best we can do at present is to document CMV infection 
and then decrease immunosuppression to permit the host to 
combat the virus himself. 
In so doing, we risk loss of the allograft."

Balfour Arch Intern Med. 1979



Introduction: how to deal with CMV?
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Ljungman et al. CID 2017
Ljungman et al. CID 2024

CMV 
infection/CMV 
replication

Virus isolation/viral antigens/nucleic acid in any body fluid or tissue specimen

Primary CMV 
infection

First identification of CMV infection in an individual who has no evidence of CMV 
exposure before transplantation

Recurrent CMV 
infection

New CMV infection in a patient with previous evidence of CMV infection who has 
not had virus detected for an interval of at least 4 weeks [Recurrent infection may 
result from reactivation of latent virus (endogenous) or reinfection (exogenous)]

CMV reinfection In recurrent CMV infection, the detection of a CMV strain that is distinct from the 
strain that caused the initial infection

CMV reactivation In recurrent CMV infection, the detection of 2 viral strains indistinguishable

CMV definitions: infection and reactivation



Ljungman et al. CID 2017
Ljungman et al. CID 2024

CMV DNAemia CMV DNA detection by quantitative polymerase chain reaction (qPCR) on 
peripheral blood samples

CMV “blip” A single detections of CMV DNA, usually with a low viral load (either incomplete 
viral replication or immune system clearance of CMV)

Clinically 
Significant CMV 
Infection

The occurrence of CMV disease or the initiation of anti-CMV preemptive 
therapy based on prespecified CMV DNAemia thresholds (Not applicable to SOT)

CMV definitions: DNAemia and “blip”



Ljungman et al. CID 2017
Ljungman et al. CID 2024

Proven CMV 
pneumonia

Clinical symptoms and/or signs of 
pneumonia such as new infil  a es 
on imaging, hypoxia, tachypnea, 
and/or dyspnea

CMV documented in tissue by virus 
isolation, rapid culture, histopathology, 
immune-histochemistry, or DNA 
hybridization techniques

Probable 
CMV 
pneumonia 
after HSCT

Clinical symptoms and/or signs of 
pneumonia such as new infil  a es 
on imaging, hypoxia, tachypnea, 
and/or dyspnea

Detection of CMV by viral isolation, rapid 
cul u e o  BA  flui , o   he quantitation 
of CMV DNA in BAL fluid

Probable 
CMV 
pneumonia 
after SOT

Clinical symptoms and/or signs of 
pneumonia such as new infil  a es 
on imaging, hypoxia, tachypnea, 
and/or dyspnea

Detection of “high” CMV by viral 
isola ion,  api  cul u e o  BA  flui , o  
the quantitation of CMV DNA in BAL 
flui *

Possible 
CMV 
pneumonia

Clinical symptoms and/or signs of 
pneumonia such as new infil  a es 
on imaging, hypoxia, tachypnea, 
and/or dyspnea

A “high” CMV viral load in BAL fluid 
together with another opportunistic 
pathogen

*The recommendation is to exclude probable CMV pneumonia in lung transplant recipients as an end point in clinical 
trials.

CMV disease: pneumonia

• The likelihood for CMV pneumonia 
increases with increasing DNA viral load.

• A ne a i e     DNA  es  in  he BA  flui  
has a negative predictive value close to 
100% and therefore excludes the 
possibility of CMV pneumonia.



Ljungman et al. CID 2017
Ljungman et al. CID 2024

Proven CMV 
Gastrointestinal 
Disease

Upper and/or lower GI symptoms plus macroscopic 
mucosal lesions

CMV documented in tissue by histopathology, virus isolation, 
rapid culture, immunohistochemistry, or DNA hybridization 
techniques

Probable CMV 
Gastrointestinal 
Disease

Upper and/or lower GI symptoms CMV documented in tissue by histopathology, virus isolation, 
rapid culture, immunohistochemistry, or DNA hybridization 
techniques§

Possible CMV GI 
disease after SOT

Upper and/or lower GI symptoms (in absence of other 
possible causes) with CTCAE severity >=2

High or increasing CMV blood viral load

Possible CMV GI 
disease after HSCT

Upper and/or lower GI symptoms Identification of CMV in tissue by PCR* without macroscopic 
mucosal lesions

Proven retinitis Typical ophthalmologic exam findings for CMV retinitis The presence of CMV DNA in vitreous fluid or another part of the 
eye.

Probable retinitis Typical ophthalmologic exam findings

CMV disease: GI and retinitis

*Quantitative PCR is not accepted as a diagnostic criterion for proven or probable CMV GI disease.



*only applicable to SOT

Clinical and laboratory criteria (at least 2 criteria are required) and detection of CMV DNA or
antigen in whole blood or plasma within 1 week of symptoms:
• Fever ≥38°C for at least 2 days of which at least 1 measurement is documented in a 

healthcare setting and without another identified cause of the fever
• New or increased malaise (toxicity grade 2) or new or increased fatigue (toxicity grade 3)
• A WBC count of <3500/μL if the WBC count prior to the development of clinical symptoms 

was ≥ 4000/μL or a WBC decrease of >20% if the WBC count prior to the development of 
clinical symptoms was <4000/μL; the corresponding neutrophil counts are <1500/μL or a 
decrease of more than 20% if the neutrophil count before the onset of symptoms was 
below 1500/μL

• Greater than or equal to 5% atypical lymphocytes
• Thrombocytopenia  efine  as a platelet count of<100000 cells/µL if the platelet count 

prior to the development of clinical symptoms was ≥115000 cells/µL or a decrease of >20% 
if the platelet count prior to the development of clinical symptoms was <115 000 cells/µL.

• Elevation of hepatic aminotransferases (ALT or AST) to 2 times the upper limit of normal 
(applicable to non–liver transplant recipients), baseline defined as last value before 
cytomegalovirus viremia was documented (applicable to non-liver transplant recipients)

Probable CMV syndrome*

Ljungman et al. CID 2017
Ljungman et al. CID 2024



Razonable and Humar. Clin Transp 2019

Ljungman et al. CID 2024

Refractory CMV 
infection

CMV viremia (DNAemia or antigenemia) that increases (ie, >1 log10 increase in 
CMV DNA levels in the same blood compartment from the peak viral load as 
measured in the same laboratory and/or withthe same commercial assay) OR 
persists  ≤  lo    inc ease o   ec ease in     DNA le els  after at least 2 weeks 
of appropriate antiviral therapy.

Refractory CMV 
end-organ disease

Worsening in signs and symptoms or progression to end-organ disease (for a 
patient not previously diagnosed with CMV end-organ disease) OR lack of 
improvement in signs and symptoms after at least 2 weeks of appropriately 
dosed antiviral therapy.*

Resistant CMV Refractory CMV infection in addition to viral genetic alteration that decreases 
susceptibility to 1 or more antiviral drugs. Drug resistance is defined by the 
occurrence of viral genetic alteration that affects in vitro susceptibility and/or 
clinical response.

CMV definitions: resistant/refractory

*Certain CMV end-organ disease are not always associated with measurable viral loads in serum or whole blood. In these cases, CMV may be replicating locally at tissue sites and may not 
be recovered for resistance testing.



The “classic weapons”: targets

Cidofovir
(Val)ganciclovir
Foscarnet



The “classic weapons”: agents

Ganciclovir Valganciclovir Foscarnet Cidofovir

Razonable. CMI 2023



The “new weapons”: targets

Maribavir
Letermovir



The “new weapons”: maribavir

Halpern-Cohen and Blumberg, AAC 2022

Approved by FDA/EMA for treatment of CMV disease due to resistant/refractory CMV in HSCT/SOT recipients

200 mg tablet
2 tablets q12h 

with/without food

• Inhibitor of protein kinase UL97 and its natural substrates, thus inhibiting CMV DNA replication, encapsidation, 
and nuclear egress

• In vivo and in vitro activity against CMV strains which are resistant to ganciclovir, valganciclovir, cidofovir, and 
foscarnet

• No dose adjustment required for patients with mild, moderate or severe renal impairment
• No dose adjustments is expected to be required for patients on dialysis due to the high plasma protein 

binding

• No dose adjustment required for patients with mild (Child-Pugh Class A) or moderate hepatic 
impairment (Child-Pugh Class B)

• Administration in patients with severe hepatic impairment (Child-Pugh Class C) has not been studied

• No data in pts < 18 years of age
• No data in pregnancy/lactation

• Adverse events: taste disturbance (46%), nausea (21%), diarrhoea (19%), vomiting (14%), fatigue (12%)



Maribavir drug-drug interactions

Halpern-Cohen and Blumberg, AAC 2022

• 1200 mg q12h when it is co-administered with phenobarbital, primidone, or phenytoin
• 800 mg q12h when it is co-administered with carbamazepine

• No adjustment required while co-administered with voriconazole

TDM !

Dosage 
adjustment:



Maribavir: registration study

Avery et al. CID 2022



Maribavir: resistances emerges under 
treatment

Chou et al. JID 2024

• 26% of transplant recipients receiving up to 8 weeks of 
maribavir therapy for CMV infection after failing 
conventional therapy developed genotypic evidence of 
maribavir resistance. 

• Treatment non-responders, particularly those who 
experienced a viral load rebound while on therapy, were 
at higher risk and merit closer monitoring for resistance.

• The most common genotypic resistance markers for 
maribavir resistance are confirmed to be UL97 T409M, 
H411Y, and C480F. 

• Baseline resistance to standard therapy (IAT) did not 
preclude a treatment response to maribavir

• A majority of those who developed maribavir resistance 
eventually achieved viremia clearance with alternative 
therapy.



Maribavir: AURORA study (i)

Papanicolaou et al. CID 2024



Maribavir: AURORA study (ii)

Papanicolaou et al. CID 2024



Maribavir: AURORA study (iii)

• Treatment-emergent resistance occurred in 
8.8% and 2.9% of patients in the maribavir and 
valganciclovir arms, respectively; 21 patients in 
the maribavir arm and 4 in the valganciclovir arm 
who developed treatment-emergent mutations 
did not achieve the primary endpoint.

• Of the 14 patients with CMV viremia recurrence 
on maribavir treatment, 12 (85.7%) had 
treatment-emergent resistance mutations. No 
patients treated with valganciclovir had a 
recurrence on treatment.

Papanicolaou et al. CID 2024



Maribavir resistance: real-life data in SOT

Ni et al. OFID 2024

• The study corroborates the meaningful 
rate (31%) of CMV recurrence observed 
in a separate real-world cohort of SOT 
recipients treated with MBV

• Treatment failure due to the 
emergence of MBV resistance or 
virological recurrence in 47% of 
treatment episodes, similar to prior 
MBV clinical trial experience

• Patients who experienced treatment 
failure or recurrence had higher CMV 
viral loads than patients for whom MBV 
treatment was successful.



The “new weapons”: letermovir
480 mg EV/PO q24h

PO with/without food
EV infuse in 1 hour
Pills not crushable

• Inhibitor of the CMV-DNA terminase complex (targeting the subunit pUL56)
• Not associated with cross-resistance to other anti-CMV agents
• Highly specific to CMV, not active against HSV or VZV

Approved by FDA/EMA for prophylaxis of CMV infection and disease in adult CMV-seropositive recipients of HSCT (2017)

• No dosage adjustment in pts with ClCr>10 mL/min
• No data for patients with ClCr<10 mL/min or dialysis

• No dosage adjustment in pts with mild/moderate hepatic function impairment (Child-Pugh class A/B)
• Not recommended for patients with severe impairments (Child-Pugh class C)

• No data in pts < 18 years of age
• No data in pregnancy/lactation

• Adverse events: diarrhoea, cough, peripheral oedema, headache 



Letermovir: drug-drug interactions
• Letermovr should be used with caution with medicinal products that are CYP3A substrates with narrow 

therapeutic ranges (e.g., alfentanil, fentanyl, and quinidine) as co-administration may result in increases in the 
plasma concentrations of CYP3A substrates

• Increased monitoring of cyclosporine, tacrolimus, sirolimus is generally recommended the first 2 weeks 
after initiating and ending letermovir as well as after changing route of administration of letermovir

• Therapeutic drug monitoring is recommended for voriconazole. Apparently, no impact on other azoles 
concentration

• Concomitant use of dabigatran should be avoided due to risk of reduced dabigatran efficacy

• Letermovir may increase the plasma concentrations of medicinal products transported by OATP1B1/3 such as 
many of the statins

EMA. Letermovir, summary of product characteristics



Letermovir: primary prophylaxis in SOT (i)



Letermovir: primary prophylaxis in SOT

Limaye et al. JAMA 2023

Resistance-associated substitutions: none (0/52) who received letermovir and 12.1% (8/66) who received valganciclovir 
(participants evaluated for suspected CMV disease or CMV DNAemia) 



Letermovir: secondary prophylaxis (i)

Hofmann et al. TID 2021



Letermovir: secondary prophylaxis (ii)
Study Year Patients SOT CMV serostatus Immunosuppressors Previous 

treatment(s)
Treatment 
duration (wks)

Outcome Resistance

Hofman et al. 2018 2 KiTx 1) D+/R-
2) D+/R-

1) PDN MMF FK506 CYP
2) CYP AZA PDN

1) VCGV FOS
2) VCGV GCV FOS

1) 106
2) 98

1) Failure
2) Death

1) UL56 C325Y
2) UL56 C325Y

Hofmann et al. TID 2021
Ibrahim et al. J Pharm Practice 2023



Immunoglobulins: polyclonal Ig
Kidney Tx Lung Tx

Heart Tx

Bourassa-Blanchet et al., Clin Transpl 2019



Immunoglobulins: CMVIG

• Retrospective data suggest that addition of CMVIG to antiviral prophylaxis may reduce rates of CMV-related 
events after heart transplantation, including the incidence of acute rejection or chronic allograft vasculopathy

• In lung transplantation, addition of CMVIG in recipients of a CMV-positive graft may offer an advantage in terms 
of CMV infection and disease

• When CMVIG is used, it should be administered with concomitant antiviral therapy

Rea et al., Transpl 2016



Immunoglobulins: real-life data in LuTx (i)

Prevention of CMV in D+/R-: which strategy?

0 1 2 3 4

Pre-emptive therapy

12 months antiviral prophylaxis

6 months antiviral prophylaxis

3 months antiviral prophylaxis

6 months antiviral prophylaxis
+ anti-CMV Ig

3 months antiviral prophylaxis
+ anti-CMV Ig

3

2

1

1

1

1
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Lombardi A, Personal data



Immunoglobulins: real-life data in LuTx (ii)

Prevention of CMV in R+: which strategy?

0 1 2 3 4 5

Pre-emptive therapy

6 months antiviral prophylaxis

6 months antiviral prophylaxis 
+ anti-CMV Ig

3 months antiviral prophylaxis 
+ anti-CMV Ig

4
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2

1

Number of centres

Lombardi A, Personal data



CMV-specific T-cell therapy (i)

• 22 SOT recipients with with recurrent or 
ganciclovir-resistant CMV infection

• Autologous CMV-specific T-cell manufacture 
was successful in 20 patients

• The use of this adoptive immunotherapy was 
associated with no therapy-related serious 
adverse events

• Eleven (84%) of the 13 treated patients 
showed improvement in symptoms, including 
complete resolution or reduction in 
DNAemia and CMV associated end-organ 
disease and/or the cessation or reduced 
use of antiviral drugs

• Four of these patients showed coincident 
increased frequency of CMV-specific T cells 
in peripheral blood after completion of T-cell 
therapy

Smith et al., CID 2019



CMV-specific T-cell therapy (ii)
NCT 

Numb

er

Study Title Study URL Condit ions Intervent ions

NCT0

37983

01

Treatment o f Cytomegalovirus (CMV) Infections With Viral-Specific T Cells https://clinicaltrials.gov

/study/NCT03798301

CMV Infection|Cytomegalovirus Infections|CMV Viremia |Opportunistic 

Infections

BIOLOGICAL: CMV-specific T-cells

NCT0

64534

60

Prospect Eval of Efficacy of CMV-TCIP Direct Letermovir Prophylax After Allogen Hemato Cell Transpla https://clinicaltrials.gov

/study/NCT06453460

CMV|Allogeneic Stem Cell Transplantation DRUG: Letermovir|DEVICE: CMV T Cell Immunity Panel (CMV-

TCIP)|DIAGNOSTIC_TEST: CMV DNA PCR

NCT0

32666

40

Virus Specific Cytotoxic T-Lymphocytes (CTLs) for Refractory Cytomegalovirus (CMV) https://clinicaltrials.gov

/study/NCT03266640

Cytomegalovirus Infections|Primary Immune Deficiency Disorder DRUG: viral specific cytotoxic t-lymphocytes

NCT0

40565

33

Prophylaxis of Cytomegalovirus Infection With Adoptive Cell Inmunotherapy https://clinicaltrials.gov

/study/NCT04056533

CMV BIOLOGICAL: CMV CTLs

NCT0

49345

27

Association of T Gamma Delta-CD16+ Cells and Anti-CMV Immunoglobulins in  the Prevention of CMV Infection https://clinicaltrials.gov

/study/NCT04934527

Kidney Transplantation|CMV Infection DRUG: Cytotect

NCT0

29829

02

T Cell Therapy of Opportunistic Cytomegalovirus Infection https://clinicaltrials.gov

/study/NCT02982902

Cytomegalovirus Infections|Hematopoietic Stem Cell 

Transplant|Oppor tun istic Infections

BIOLOGICAL: CMV specific adoptive t-cells

NCT0

48326

07

Multivirus-specific T-cell Transfer Post SCT vs AdV, CMV and EBV Infections https://clinicaltrials.gov

/study/NCT04832607

AdV Infection |EBV Infection |CMV Infection|Stem Cell Transplant 

Complications

OTHER: Multivirus (CMV, EBV, AdV)-specific T cells

NCT0

36656

75

Donor Virus-Specific CMV or AdV CTL to Treat CMV or  AdV Reactivation or  Disease After Solid Organ or HCT https://clinicaltrials.gov

/study/NCT03665675

Allogeneic Hematopoie tic Stem Cell Transplantation 

Recipient|Cytomegalovirus|Donor|Solid Organ Transplantation 

Recipient|Adenovirus

BIOLOGICAL: Allogeneic Cytomegalovirus-Specific Cytotoxic T 

lymphocytes|BIOLOGICAL: Allogeneic Adenovirus-specific Cytotoxic T 

Lymphocytes

NCT0

40138

02

TETRAVI Multivirus CTL for Treatment of EBV, CMV, Adenovirus, and BK Infections Post Allogeneic SCT. https://clinicaltrials.gov

/study/NCT04013802

Vira l Infection BIOLOGICAL: HLA-matched VSTs

NCT0

20483

32

Donor-Derived Viral Specific T-cells (VSTs) https://clinicaltrials.gov

/study/NCT02048332

Allogeneic Stem Cell Transplant|Viral Infection|Viral Reactivation BIOLOGICAL: Vira l specific VST Infusion

NCT0

20073

56

A Study to Assess Safety and Feasibility of Direct Infusions of Donor-der ived Virus-specific T-cells in Recipients of 

Hematopoietic Stem Cell Transplantation With Post-transplant Viral Infections Using the Cytokine Capture System®

https://clinicaltrials.gov

/study/NCT02007356

Adenovirus Infection |EBV|Cytomegalovirus Infections|Cytokine 

Capture System|Allogenic Disease

BIOLOGICAL: IFN-γ positive selected T-cells

https://clinicaltrials.gov/study/NCT03798301
https://clinicaltrials.gov/study/NCT03798301
https://clinicaltrials.gov/study/NCT06453460
https://clinicaltrials.gov/study/NCT06453460
https://clinicaltrials.gov/study/NCT03266640
https://clinicaltrials.gov/study/NCT03266640
https://clinicaltrials.gov/study/NCT04056533
https://clinicaltrials.gov/study/NCT04056533
https://clinicaltrials.gov/study/NCT04934527
https://clinicaltrials.gov/study/NCT04934527
https://clinicaltrials.gov/study/NCT02982902
https://clinicaltrials.gov/study/NCT02982902
https://clinicaltrials.gov/study/NCT04832607
https://clinicaltrials.gov/study/NCT04832607
https://clinicaltrials.gov/study/NCT03665675
https://clinicaltrials.gov/study/NCT03665675
https://clinicaltrials.gov/study/NCT04013802
https://clinicaltrials.gov/study/NCT04013802
https://clinicaltrials.gov/study/NCT02048332
https://clinicaltrials.gov/study/NCT02048332
https://clinicaltrials.gov/study/NCT02007356
https://clinicaltrials.gov/study/NCT02007356


T cell responses to guide prophylaxis

Oriol et al. CID 2023

• Enrolled if they were 
D+/R- or R+ receiving 
antithymocyte globulins

• Control group were 
planned to receive 180 
days (CMV-
seronegative) or 90 days 
(CMV-seropositive) of 
valganciclovir

• The duration of 
prophylaxis was shorter 
in the immune-
monitoring group 
(adjusted difference, 
−26.0 days)



TDM of antivirals

Gatti et al. TID 2023

• Concentrations ranging from 0.13 to 1.6 mg/L allow CMV replication, desired range of ganciclovir Cmin 
was set at 1.0–3.0 mg/L

• No difference was found in the primary outcome between patients showing average Cmin below or above 1 
mg/L (100.0% vs. 53.8%; p =.25) and/or 3 mg/L (65.2% vs. 33.3%; p = .20)

• ROC analysis did not allow to identify an average Cmin cut-off predictive of clinical efficacy or toxicity
• 24-h area under the concentration time curve (AUC24h) could be a better predictor of clinical outcome

Primary outcomes:
1. Reduced 

CMVviral load 
below the lower 
limit of 
quantification 
(LLQ) at 30 days

2. Occurrence of 
myelotoxicity



Conclusions (i)
• After a long hiatus new drugs are available for treatment/prevention 

of CMV among SOT recipients

• Maribavir is an inhibitor of kinase UL97, do not co-administer with 
(val)ganciclovir

• Maribavir can pass the blood-retinal barrier but do not enter CSF
• Check for maribavir resistance if viremia relapse under treatment
• Maribavir is licensed (FDA/EMA) for treatment of resistant/refractory 

CMV infection 

• Maribavir dosage is 400 mg q12h



Conclusions (ii)
• Letermovir is a CMV terminase complex inhibitor

• Letermovir is licensed for primary prophylaxis among HSCT, can be 
employed for primary prophylaxis in SOT (off-label use, RCT among 
KiTx)

• Letermovir has low genetic barrier, do not use it for treatment

• Letermovir resistance mutations frequent in secondary prophylaxis 
(UL96)

• Letermovir is ineffective against HSV and VZV, consider 
coadministration with acyclovir/valaciclovir

• Letermovir dosage is 480 mg q24h
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