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Epidémiologie

60-90 % 0.2-2 % 1ére

séroprévalence adulte naissances avec cause infectieuse
mondiale CMV congénital de surdité congénitale

Gradient de seroprevalence Nord Sud

Pays a revenus élevés : 40-70 % (Europe, Amérique du Nord)
Pays en développement : 80—100 % (Afrique subsaharienne, Asie) ‘

Transmission : contact direct (salive, urine, lait maternel, sang)
Exceptionnel via transfusion produits sanguins

JNI 2026, PARIS Kirupanantha RP, Lab Med 2026



Virologie
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Virologie: latence -réactivation

Macrophages, cellules
dendritiques, endotheliales,
CD34+ HSC, monocytes epitheliales

Latency Reactivation

Oxidative stress
Inflammation

Immunosuppression —{ Immune response
Pas de reconnaissance par le systeme

immunitaire « Cycle viral lytique »

JNI 2026, PARIS Liu, Viruses 2013



Cycle Viral Lytique

JNI2026, PARIS Knipe and Cliffe., Nat Rev Microbiol. 2008



Cycle Viral Lytique

(Val)Ganciclovir
Foscarnet
Cidofovir
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Cycle Viral Lytique
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Sharma et al., J Virol 2015



Histoire naturelle de la maladie

Primo- Phase Latence Réactivation
infection viremique (réservoirs)

Déroulement des infections i herpésvirus
(herpein = ramper, en grec) Stimulus
Transplantation
Hémopathies
VIH

Primo-infection Latence Réactivation Récurrence
= réinfection endogéne

Antiviraux inhibiteurs d’'une étape du cycle virale lytique= inactifs sur l'infection latente




Diagnostic et definitions

Diagnostic virologique de l'infection CMV

Direct | / \ Indirect
Immunodéprimeé

o Immunocompétent
Suivi (Primo CMV, TMF)
* Infection CMV présence ADN CMV Serologie
par gPCR (IU/ml) sur sang total ou IgM: primo, persistent 6-12 mois
plasma IgG: avidité 1 temps

« Highly sensitive QNAT : < 200 1U/ml

« Maladie CMV

anticorps

Syndrome virale Atteinte d’ organe -

JNI 2026, PARIS



Clinigue — Sujet immunocompeétent

Primo-infection : syndrome mononucléosique (20-30 % symptomatique)

* Fievre prolongée (> 2 semaines), asthénie, pharyngite, adenopathies

« Syndrome mononucléosique : hyperlymphocytose, lymphocytes
atypiques

« Cytolyse hépatique (80 %), hépatosplénomegalie

Complications rares

SNC : me.nln.g|te, eqcephallte, syndrome de Ceeur: myocardite, péricardite
Guillain-Barré
Poumon : pneumopathie interstitielle Digestif : colite, hépatite sévére

JNI' 2026, PARIS



Clinigue — Sujet immunocompeétent

Faut il traiter?

Situation rare (case reports): age, comorbidités
(diabete)

Oui si
-forme sévére
-lésions tissulaires
-inclusions virales ou PCR CMV +/PCR CMV
élevée sang
-colite du sujet agé (immunosenescence)

|

ganciclovir/valganciclovir

Lee, BMC Infect Dis 2017; Seo TH, Hepatogastroenterology 2012



Clinigue — Sujet immunocompeétent

Faut il traiter? =—=  Quid des réactivations CMV en soins
intensifs chez I'immunocompétent?

== Non-Reactivators
== CMV Reactivator

33% PCR CMV+

Réactivation CMV en réanimation
associée avec durée de séjour et
déces l

Probability of Discharge

L
30 35 40 45 50 55 60 65 70 75

Days after Entry into ICU Effet immunomodulateur indirect

JNI 2026, PARIS Lymaye, JAMA 2008



Clinique — Sujet immunodeprimé
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The Troll Is Weakened but Not yet Defeated: An Update on
Cytomegalovirus Management in Transplantation From the
International CMV Symposium 2025

Camille N. Kotton' = | Martina Sester** ) | Julian Torre-Cisneros** ) | The International CMV Symposium Faculty

Chait F, BJR Case Reports 2025; kunihiro Y, Acta Radiol 2015; Kotton C, Transplant Infect Dis 2025



CMV et TOS

Arrét de la prop hylaxie: Limaye, Clin Microbiol Rev, 2020
6%-50 selon Uorgane Serostatut D+/R- > D+/R+
50% haut risque D+/R- Incidence Age éleveé receveur
17% R+ Facteurs de SAL
Poumon/Coeur++ risque Lymphopénie et MMF
Diabete

Asymptomatique
DNAemie 2-3log Ul/ml

Syndrome CMV Maladie
fievre, AEG , leucopénie,

Tang, Transplant Immunol, 2022

——

‘ Infection

Effets indirects

Cellular effects:
MHC, cytokine expression
“Indirect effects”

cytolyse hépatique . .
y yse hiepatlq . Diagnostic
Attelnte Invasive: COllte Allograft Allograft EBV-associated Opportunistic

. injury rejection PTLD infection
(80%), pneumonie, -
péricardite, néphrite.... ~ DNAemie S

Biopsie tissulaire e ol
NEIM

JNI' 2026, PARIS



CMV et TOS

During the first year post KT 2-5 years post KT Beyond 5 years post KT
150
RESULTS
Late OI EarlyOI
- 37.5 (21.5-65.5) months post-KT 4.4 (1.5-8.4) months post-KT
o
[0
& 100 Herpesvirus (HSV/VZV/CMV) 49/83 (59%) 15/38 (39.5%) p=0.07
T Zoster 36/83 (43.4%) 10/38 (26.3%) -
,_S; Pneumocystosis 12/25 (48%) 0/18 p=0.002
c
§ 50 Invasive aspergillosis 3/25 (12%) 10/18 (55.6%) p=0.01
L

* Ol Délai médian : 12,5 mois
L

- _ ° Age+++ Esnault, Tranplint, 2024
S & & & & &
" W @ S
« CMV et belatacept: formes atypiques (rétinites)
Pathogens .Herpes zoster IC virus . Mucorales
[l Mycobacterium tuberculosis [ cytomegalovirus I Preumocystis jirovecii [ Histoplasma capsulatum Switch <6 mois
. Legionella . Norovirus . Aspergillus Microsporidium Age +++
. Nocardia Herpesvirus humain 8 . Candida . Toxoplasma gondii N -
.Atypical mycobacteria . Herpes simplex Cryptococcus . Leishmania BOlus de Ste rOId es
Immunosuppression prégreffe
: : 7 DFG <25 mUmin
Hoisnard L. Clin Infect Dis 2026

JNI 2026, PARIS Chavarot, AIT, 2021
Karadkele, AIT, 2021



CMV et allogreffe CSH

Incidence a 1 an: 55%
> >J100: 12-45%
» Maladie CMV: 13%
» Sous letermovir 10-30%

Limaye, Clin Microbiol Rev, 2020

Incidence

Asymptomatique
DNAemie 2-3log Ul/ml

Infection

B

—

Syndrome
fievre, AEG , leucopénie,
cytolyse hépatique

Atteinte invasive
dysfonction d’organe :
pneumonie, colite,
oesophagite,..

JNI' 2026, PARIS

Diagnostic

Facteurs de
risque

Serostatut D-/R+
GVH aigue
HLA Mismatch
Conditionnement
myeloablatif
Steroides
Donneur haplo identique

Effets indirects

\

Studer U, Anticancer R2020

Cellular effects:
MHC, cytokine expression
“Indirect effects”

Allograft
injury

‘ DNAemie

Biopsie tissulaire ‘

Allograft
rejection

EBV-associated
PTLD

Opportunistic
infection

Atheroclerosis, bronchiolitis obliterans,
vanishing bile duct syndome

NEIM




Traitement CMV maladie

I Traitement curatif I 21 jours Probable : exposition cumulée > 4
semaines

Réfractaire : 7 virémie ou < 1 log 4

Resistance 6-10% SOT,
2-14% allo CSH

Valganciclovir

apres 2 semaines ttt approprié

Ljungman P, Clin Infect Dis 2024

IV si malabsorption (forme

digestive) Facteurs de risque

g %

Previous antiviral
exposure

© &

Poor drug absorption
or drug conversion

hemato/fonction rénale
(toxicité / résistance)

Surveillance PCR CMV hebdo
Durée 14-21 jours et PCR <seuil
Si+ aJ21 poursuite du ttt curatif

Foscarnet (transplantation rénale)

Prolonged antiviral

Recurrent Infection
treatment

Immunosuppressive

T f t lant
ype of transplan therapy

4 immunosuppression - MMF

Clinical Infectious Diseases .
INVITED ARTICLE ‘L%]DSA hleCl
vV AR vt D Sty of Aserics medoneonsoonon M

REVIEWS OF ANTI-INFECTIVE AGENTS: Louis D. Saravolatz, Section Editor

Kasriel N, Am J Transpl 2026

Asberg, AJT 2007 et 2009

Letermovir and Maribavir for the Treatment and
Prevention of Cytomegalovirus Infection in Solid Organ
and Stem Cell Transplant Recipients

iay. and Daniel R Kauf™"
N Lo i, L, UG, ey f Michigen

Faible barriére
génétique

Si CV élevée: Foscarnet
Maribavir: dosage++, dose de charge ou
posologie (R 21% CMV refractaires)



Letermovir: pas d’indication pour le traitement curatif

Received: 11 August 2020 | Revised: 27 October 2020 | Accepted: 8 November 2020

DOI: 10.1111/tid.13515

CASE REPORT AND REVIEW OF THE LITERATURE WILEY

Emergence of letermovir resistance in solid organ transplant
recipients with ganciclovir resistant cytomegalovirus infection:
A case series and review of the literature

st - En association?
Valganciclovir [ ]
IR - Q— un.s;nszoo & ULST ROV —120
P et VEER i Etude LUCY
= - 90 . . .
E # ‘ (letermovir+valganciclovir en
8 P transplantation renale)
g o —- 30
0o -0

© 1Y X © D ® & X & @ P
Months after transplantation

JNI 2026, PARIS Hoffman E, Transplant Inf Dis 2020



Prevention SOT

—

Prophylaxie - Valganciclovir
-3 mois R+ SAL
-6 mois D+/R-
-12 mois poumon

2. Prophylaxie-Letermovir
- D+/R- (rein) (autres SOT?) I 3. Everolimus I Transform
- Si myelotoxicité 12 mois

. EVR  MMF
= P a S a Ct If S u r a u tre S % Infections and infestations 698 (68.8) 768 (75.9) 0.91(0.86, 0.96)
H BKV infection 59 (5.8) 104 (10.3) 0.57(0.42,0.77)
h e rp esv I rus ) CMYV infection 28(2.8) 137 (13.5) 0.20(0.14,0.30)
24 mois
Infections and infestations 264 (26.0) 317 (31.3) 0.83(0.72,0.95)

BKV infection 8(0.8) 14 (1.4)

I 2 . P rée m ptlve - PC R I CMV infection 2(0.2) 13(1.3)

0.57 (0.24,1.35)
0.15(0.03, 0.68)

Berger, AJT, 2019

A Seuil?

Logistique

| — ) { Exposition valganciclovir
Tmmz ox o2 £t % 3 ! Infections tardives

Manuel O, AJT 2013; Reiss Gindi N, Infection 2024
JNI 2026, PARIS

4. Ciblée avec tests

immunité cellulaire R+

Cell-mediated immune
assay (4-6 weeks)

+ Stop prophylaxis
Stop monitoring
Continue prophylaxis up

to 3 months

+ No monitoring
= Start a preemptive approach

Cell-mediated immune
assay (2 weeks)

CMV-seropositive without ATG ]: I CMV-seropositive with ATG |

Bestard, Tranplant Int, 2023; Manuel 0, Clin Infect Dis 2024

D+/R-: 77% négatifs a M5 post
greffe

@

i

i®

Cytomegalovirus Cell-Mediated
Immunity: Ready for Routine Use?

, 4, and
Oriol Manuol*




Prevention allogreffe CSH

. . 100-200 jours 3.Ciblée avec tests
1. Prophylaxie - Letermovir >200i . patient . o s .
- | mortalité globale 27% jours: patients immunité cellulaire R+

- l GV H 3 5 % h a u t r I S q u e Letermovir prophylaxis guided by cytomegalovirus cell-mediated immunity improves the

outcomes of allogeneic hematopoietic stem cell transplant recipients @I DSA
wor Dveuses

Attention: blips charge virale,

interactions
(cyclosporine), prévention
autres herpesvirus

Cumulative incidence
of late-onset cs-CMVi

’é P=.019

Conclusion:

CMV-CMI-guided
Overall survival letermovir prophylaxis may
help reduce the risk of late-
onset cs-CMVi, particularly
_'6 P-.04 in individuals at high risk.
L/

Clinical Infectious Diseases https://doi.org/10.1093/cid/ciaf410

Suivi PCR CMV hebdo J100 ou
J200 si haut risque

2. Si receveur R-

-monitorage PCR CMV 2. Preemptif -Modulation durée letermovir
-valaciclovir Ganciclovir/Foscarnet -Indication a prophylaxie
#valganciclovir en prophylaxie Maribavir si neutropenique secondaire

-Arrét thérapeutique si charges
virales faibles

Vyas A, OFID 2023; Russo D, Lancet
Haematol 2024



The Troll Is Weakened but Not yet Defeated: An Update on
Cytomegalovirus Management in Transplantation From the
International CMV Symposium 2025

Camille N. Kotton' @ | Martina Sester>>® | Julian Torre-Cisneros**® | The International CMV Symposium Faculty

Messages clefs

ADN CMV par gPCR (1U/ml)

Topic SOT guideline [1] ECIL [2] and ASTCT [3] guidelines
Diagnostics Greater emphasis on CMV-QNAT CMV serology recommended Se u |IS?
calibrated to the WHO standard pre-HSCT; pretransplant CMV PCR
recommended
Prevention: Letermovir recommended in D+/R—  Letermovir standard prophylaxis for . .
prophylaxis kidney, investigational in non-kidney R+ recipients through Day 200 for Standard N HCST, alternatlve VS
transplants; PET option for D4+/R— high-risk recipients . .. .
lver valganciclovir in SOT (reinD+/R-)
Prevention: Strong recommendation for R+ Case-by-case determination; potential
CMV-CMI kidney recipients to personalize role in letermovir recipients
testing prophylaxis duration . .
Treatment Valganciclovir/ganciclovir remains ~ Ganciclovir/valganciclovir is first-line Pla ce C M I en SOT mais aussi H CST
first-line; thresholds for treatment for treatment; preemptive therapy :
duration are challenging in the era of with weekly monitoring Sous lete rmovir
sensitive testing
Resistant/ Maribavir is the principal alternative Maribavir is effective with lower . . . .
refractory CMV  for resistance, unless high VLs (prefer  toxicity than ganciclovir/foscarnet; M ari baVlr atte ntl on a Ia
foscarnet) second-line approved for = 12 years .
Resistance Strong recommendation for genotypic  Genotypic testing is recommended res ISta nce
testing testing after = 4 weeks’ exposure and  when resistant or refractory CMV is
suboptimal response to correctly clinically suspected
dosed treatment . Ve
CMVIG Conditional recommendation for Adjunctive therapy in select CherCher Vlte un eCheC
severe/refractory disease, scenarios; limited evidence 1 I 1 1
A virologique et si possible
thoracic transplants d oser++

Pediatrics Prevention strategies include Letermovir approved for pediatric

prophylaxis, PET. or surveillance after patients; drug- and weight-based

short-term prophylaxis; more data are dosing criteria apply

JNI 2026, PARIS

needed on new drugs



Perspectives, limites

Domain

Unmet need

Disease burden

Guideline
implementation

Prevention strategies

Antiviral
management
Immune monitoring
Vaccination

Translation of clinical
evidence

JNI 2026, PARIS

Posttransplant CMV infection persists despite decades of advances.

Translation of new (2025) guideline updates into diverse clinical settings is challenged by variable
infrastructure, economics, and institutional capacity.

Optimal duration of extended prophylaxis is not definitively established; late CMV remains a concern
in high-risk patients.
Head-to-head comparisons of prophylaxis vs. preemptive therapy approaches are needed.
Evidence on letermovir for non-kidney SOT organs and R+ recipients remains limited.

Despite improved toxicity, new agents introduce new challenges such as resistance and access/cost
(e.g., maribavir resistance emerges more frequently than with ganciclovir).
Resistant/refractory CMV infection remains a significant issue for some patients.
Standardized viral load thresholds are needed to define when preemptive therapy initiation is needed.

Immune monitoring capabilities are limited by a lack of widespread availability and broad expertise,
and a lack of a standardized CMI assay.

Lack of effective CMV vaccines remains a major deficit despite recent development efforts.

Large, pragmatic studies (“mega-trials”) are needed to definitively answer key clinical questions with
robust sample sizes.

Logistique-Cout
Infections tardives
Prophylaxie-
Preemptif? CMI

Résistances++




JNI 2026, PARIS

Merci




JNI 2026, PARIS

* Inhibiteurs de 'ADN polymérase virale (UL54) premiere iiqne dans a prise en

charge thérapeutique de linfecion/maladie CMV
Gancidovir, foscamet et cidofovir
Agit en bloquantla synthése de FADN viral
Toxicités importante et probléme de résistance

* Inhibiteur de la terminase (letermovir)

Agit en inhibantfencapsidation et le divage du génome virale par la terminase virale
Premiére ligne en traitement prophylactique des paients grefles de CSH et grefies rein

*+ Inhibiteur de la phosphotransferase virale (maribavir)
Agit en bloquant lactivité kinase de la phosphotransférase UL 97

Approval pour le fraiement dinfecions CMV réfractaires a une premiére ligne chez les patients grefies CSH et
oS

Données de vie réelle attendus : QUID de la bithérapie Maribavir + letermovir ou Maribavir+ GCV efc... en
cas déchec?
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