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Objectifs :

L'infection a CMV et la réponse immune,

Méthodes de mesure de la réponse immunitaire cellulaire

Recommandations 2025 utilisation des tests en transplantation d’organe et
allogreffe de CSH

Etudes majeures et nouvelles études 2025-2026

Conclusions et perspectives



Impact du CMV en cas d’'immunodéficience :

AlloGreffe de CSH
Haut risque : R+
Effets directs : Infection 30-70%,
Maladie 0-17%
Précoces : Colite
Tardifs > J100 Pneumonie

+/-Rétinites

Hémopathies malignes
Haut risque: CMV+
Alemtuzumab,

Idelalisib

Traitements prolongés, Toxicité des antiviraux, résistance
Absence de vaccin disponible a ce jour

OV L1, LLIVVUIULIIo

Infection a VIH

<100CD4 mais aussi
Effets indirects +++

Déficits immunitaires congénitaux
USI
Thérapies immunosuppressives:
MICI, maladies immunologiques, CAR-T cells
Anticorps monoclonaux bi sites

* Kotton C et al., Fourth IntL consensus guidelines on the management of cytomegalovirus in solid organ transplantation. Transplantation 2025
* Ljungman P. et al., Recommendations from the 10th European Conference on Infections in Leukaemia for the management of
cytomegalovirus in patients after allogeneic haematopoietic cell transplantation and other T-cell-engaging therapies . Lancet ID 2025



Transplantation d’organe solide

(Source : ABM 2023)

* Un risque infectieux permanent lié a 'immunodéficience cellulaire

* Prophylaxie par valganciclovir ou letermovir (depuis 2024)

Allogreffe de cellules souches hématopoiétiques

* Des receveurs plus ages, c'est-a-dire davantage de receveurs séropositifs
pour le CMV (> 60 %) = patients a haut risque

 Une période a haut risque apres la greffe, marquée par une reconstitution
immunitaire progressive

* Une prophylaxie par letermovir disponible depuis 2018



Facteurs influant sur les conséquences de I’ infection a CMV

HERPESVIRUS

e Charge virale initiale et augmentation de la charge virale

Immuno Temps de
suppression doublement
Emery, J exp.Med., 1999; J. clin. Virol, 2001 Forte Court
1.0 1
$ 081
3
o
s 08 En moyenne
;:‘;: hd Doublement hors traitement : 1-2 jours
33; Demi vie de décroissance sous
e traitement 1-2 jours Mais ...
0.0 T T T T T T T 1
35 40 45 50 55 60 65 70 75
Viral Load (log10 genomes/mL blood)
Fig 2. Association between cytomegalovirus viral load and
disease probability.’" (Adapted with permission from Cope AV
et al. J Infect Dis. 1997;176:1484-1490.)
 Controle immunitaire Faible Long
=> Ne pas laisser « exploser la charge virale » Emery et al (2000) Lancet 355:2032-36

Boeckh et al., (2010)
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Traitement de lI'infection a CMV post greffe

Prophylaxie secondaire
Valganciclovir
Letermovir (hors AMM)

Maribavir
400mgx2
Refractory/resistant
Phase IlI

aladie a CMV

)
o valganciclovir
: 900mgX2
S Ganciclovir iv Diagnostic d’infection a CMV
§ Jme/ke cliniquement significative (cs-CMV
4 = = = = (ADNémie)
g .

Letermovir

non infériorité
200j
>
t

Greffe

Kotton C et al., Third IntL consensus guidelines on the management of cytomegalovirus in solid organ transplantation, Transplantation 2018, revues 2024
Avery RK, et al., Maribavir for Refractory Cytomegalovirus Infections With or Without Resistance Post-Transplant: Results from a Phase 3 Randomized Clinical Trial. Clin Infect Dis. 2022.
Marty FM et al., Letermovir Prophylaxis for Cytomegalovirus in Hematopoietic-Cell Transplantation NEJMed 2017
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wh’é‘iﬁnﬁiﬁis l’Impact de la Prophylaxie sur la Cinétique de I'Infection

La prophylaxie universelle retarde la reconstitution immunitaire spécifique, déplagant le risque
vers une maladie a révélation tardive (late-onset disease).

Scénario A : Sans Prophylaxie (Préemptif) /Transplantation d'Organes\
Solides (SOT)
S ; * Prophylaxie par
Virémie precoce valganciclovir (3 a 6-12
mois selon le statut
D/R).
Scénario B : Prophylaxie Universelle >
Cellules Souches
- : Hématopoiétiques (HSCT)
. ate-onse
Prophylaxie _ ieanda * Prophylaxie par
(Valganciclovir ou Letermovir) Letermovir (J100 a
. L J200). y

Besoin Clinique : Nécessité absolue d’'un biomarqueur pour guider la durée de la

prophylaxie et anticiper la maladie tardive.



Immunité anti-CMV : un équilibre entre contrble et échappement

10 T cells

Lyse infected cells
Release TNFa, IFNy,
GM-CSF, Antibody-
Dependent Cellular
Inhibition

NK cells

INF release via
TNFalphaand
lymphotoxins alpha
beta

Lyse infected cells : .

NKT cells

CD3*CD8™4CD56*CD11
b* NKT cells associated
with CMV protection

CD4+ T cells CD8+ T cells

Release TNF-a, IFN-y, IL-2, Lyse infected cells
GM-CSF

Immune evasion
=1/3 genome

Humoral immunity

Neutralizing AB
ADCC AB

o Cellular immunity
Prevent dissemination

Target gB, other GP to TCD8+

prevent cell attachment TCD4+

and penetration vo T Lyse infected cells
Also target immune
evasion proteins

Release TNF-a, IFN-y,
Support CD8+ T cell persistence GM-CSF

Maintain CMV-specific
antibody production



Réponse immune anti-CMV post-greffe d’organe

A alpha-beta
T cells

gamma-delta
NK cells T cells

// Patient greffé : prévenir la

e > réplication et la maladie a CMV

GhdV inteztion Immunité cellulaire +++ > Humorale

e
NK cells gamma-delta T CD4+/CD8+ antibody
cells alpha-beta T cells production

e memory e memory e memory inflation ° gB, gH, g[_, pUL 128-131
characteristics characteristics e TEMRA/TCM CD8+cells o resticting viral

e CD94/NKG2C e TEMRA cells o effector memory CD4+ dissemination
pe i e TCR ligand CMV- cells sl h :
CD57*FceRly induced « long term control of e limiting viral entry into

¢ CMV control infection host cells

Immune responses to cytomegalovirus primary infection Bestard O, et al. Transplant Int 2023;36:11963



Dynamique et Epuisement de la Réponse T-Spécifique

La simple présence de lymphocytes T ne suffit pas ; il est crucial de mesurer leur fonctionnalité ex-vivo.

Surexpression de Epuisement
récepteurs inhibiteurs cellulaire

(T-cell Exhaustion)
PD-1 +++ &
TIM-3 +++ Maladie a CMV

LAG-3 +++

T-cells

Infection a CMV
(Réplication)
Cellules T
Polyfonctionnelles Clairance virale
_> &
CD8+ robustes Protection clinique

CD4+ auxiliaires actifs
T-cells Sécrétion d'IFN-y

Egli et al. CID 2012
Forconi et al., 2017



Un répertoire CTL tres large, avec
deux épitopes dominants

Epitopes majeurs chez les donneurs de sang séropositifs :
pp65 (UL83)
IE1 (UL123) : 40% des séropositifs

+ protéines immunomodulatrices et d’enveloppe
pp28, pp50, US2, US3, US5 et UL18, gH, gB,

HCMV genome

. TRL1-14 . UL1-132 IRL region | Us1:34 TRSiI

Proteins studied Strength of reactivities detected

pp65 (UL83) |

pp50 (UL44) |
|E-1 (UL122) ] Strong reactivity

gB (UL55) ]
IE2 (UL123) |

gH (UL75)
Subdominant reactivities

pp28(UL99) [
pp150 (UL32) [ ]
pp74 (ULB2) []

us2 []

us3 [1

use E] >Occasiona[weak reactivities

us11

e [

g []

Gandhi et Khanna, review, 2007

Génome linéaire

bicaténaire

t—t—< Tégument

gH,gL,g0
ou
GH/gL UL128-131

—

Reddehase. Molecular Biology and Immunology 2006



Tests disponibles : les seuls margues CEIVD sont
les tests IGRA (INF Gamma Release Assay

Table 2
Overview of commercially available functional methods for measuring CMV-specific T-cell mediated immune response.

Assays Brand names Sample Turnaround Target CMV stimulating antigen Advantages Disadvantages
required time cells
ELISpot T-SPOT.CMV® PBMCs (10 24-48 h CD4+/ Immunogenic peptides or Measures both CD4+ and Requires ELISpot reader
(IGRA) T-Track CMV® mL) CD8+/ proteins covering Pp65 and IE-1 CD8+ response Requires PBMC
NK/ proteins (separately) Not limited by HLA isolation procedure
NKT CE marking Lack of cut-off
standardization
Unable to differentiate
between CD4+ or CD8+
response
ELISA QuantiFERON- Whole blood 24h CD8+ Immunogenic peptides mapped Standardized HLA Class I restricted
(IGRA) CMV® (3-5mL) within pp65, IE-1, IE-2, pp50 Simple to perform in Sensitive to
3 ~ laboratories lymphopenia
VIDAS CMV IGRA Sa(g?ntf)‘a' CD4+etCDgs | |IS U peptides T°""°",‘,‘|°é:;;';::";|'_‘:f’"‘ du Full automation Only measures CD8+ T
ch m eolle boot CDA Cenlla |
ICS by flow Viracor® CMV T-cell PBMCs or 8-10h CD4+/ Usually pp65, IE-1, gB Differentiates between Requires flow
cytometry  Immunity Panel whole blood CD8+ immunogenic peptides CD4+ and CD8+ response  cytometer
(TCIP) (1-2 mL) (overlapping peptides libraries) Allows phenotypic High cost
or pp65/IE-1/gB proteins characterization Lack of technical
Potential to measure a standardization
variety of cytokines and Labour-intensive
cell surface markers No CE marking

CE, European conformity; ELISA, enzyme-linked immunosorbent assay; ELISpot, enzyme-linked immunoabsorbent spot assay; gB, glycoprotein B; HLA, human
leukocyte antigen; ICS, intracellular cytokine staining; IE, immediate-early; IGRA, Interferon-gamma release assay; NK/NKT, Natural Killer/Natural Killer T Cells;
PBMC s, peripheral blood mononuclear cells; pp65, phosphoprotein 65.

c

Ruiz-Arabi E et al., Management of cytomegalovirus in adult solid organ transplant patients: GESITRA-IC-SEIMC, CIBERINFEC, and SET recommendations update; Transplantation reviews, 2024



QuantiFERON® CMYV (Qiagen)

Nil  CMV Mitogen

Incubation at 37°C
16-24h

Marqué CEIVD

Sur sang total Faible volume de sang (3x1ml)

CD8+ uniquement

Pool de 22 peptides issus de pp65, IE1, IE2, pp50, gB, pp28

Impact du nombre de leucocytes totaux
=> Nombreux tests indéterminés notamment apres allogreffe de CSH

CMV antigen tube

Intérét du test mitogene

/ a Pa

Sl

| - | n'y 7 / _—"\
— . { 7 ".| ..
— Ay y ) [omvspecic ® @
S PN / b \ y
"'a \ \ Cpat
| mm | CMV-specific| U IFNy
=\ cos+
h T

\1 . CMV antigen prés—e'r-mtation

o

2. IFNy production

d’apres Caston JJ, Intensive Care Med, 2015

Lecture ELISA=> U INF/mL
automatisée

. sur Liaison XL
| (Mafietal., JCV 2023)

ANTIGENE MITOGENE RESULTAT INTERPRETATION
(Ul/ml d’IFN) | (Ul/ml d’IFN)

<0,2 >0,5 Non réactif Réponse immunitaire aux antigénes de CMV
non détectée

>0,2 Tous Réactif Réponse immunitaire aux antigenes de CMV
détectée

<0,2 <0,5 Indéterminé Impossibilité de détection de réponse
immunitaire aux antigénes de CMV et au
mitogene
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ELISpot

Dénombre LcT CD4+/CD8+/NK apres lavage puis stimulation
Ag IE et pp65

Héparinate de lithium
7,5mL sang

Ficoll

Centri

+1mL milieu IFNgamma ’\‘
+ PBS - i *< A !
1 el e}
+ Plasma - ;! ;: ’ 4 Prgcipité
penc /. Centri & H - f_:,i_,l %1
Histopaq - . H e
oo Competer et ajuster
RBCs w 2.107/mL milieu

Analyse séparément les réponses
IET (UL123) : Ag trés précoce du CMV
pp65 (UL83) : Ag précoce-tardif du CMV

=10 SFC/200 000 cell mononucléées
Seuil fournisseur utilisé




Recommandations 2025 et au-
dela ...

* Kotton C et al., Fourth IntL consensus guidelines on the management of cytomegalovirus in solid organ transplantation. Transplantation 2025
* Ljungman P. et al.,, Recommendations from the 10th European Conference on Infections in Leukaemia for the management of
cytomegalovirus in patients after allogeneic haematopoietic cell transplantation and other T-cell-engaging therapies . Lancet ID 2025




Les Nouveaux Référentiels (2025) : SOT vs. Allo-HSCT

SOT (Kotton 2025 - 4° Consensus
International)

Université
de Limoges

Allo-HSCT (ECIL-10 2025)

‘) Prophylaxie : Valganciclovir (référence).
@

Letermovir si intolérance.

Stratégie CMI : Levée d’'équivoque
serologique en pre-greffe.

Arrét Précoce : Test CMI a M1 post-
greffe chez les receveurs R+. Si le test

. est réactif -> arrét précoce de la
prophylaxie et passage en stratégie
préemptive.

e

@,

2,

Prophylaxie : Letermovir en 1¢' ligne
chez les receveurs R+ (jusqu’a J100,
extension possible a J200).

Suivi : La CMI est recommandée pour
stratifier le risque infectieux en post-
prophylaxie.

Nouveauté ECIL-10 : Intégration de
protocoles de suivi spécifiques pour les
patients sous CAR-T cells et anticorps
bispécifiques.




Original Clinical Science—General

Adicti ’ 7 i CMV-specific Cell-mediated Immunity at 3-month
Valeur prédictive de I'ELISpot pour I'infection S DY B o

tardive a CMV chez les receveurs de rein Kidney Transplants at Risk of Late-onset CMV

‘ oy . . Infection Regardless the Type of Induction Therapy
S e ro p OS |t |fS e n fl n d e p rO p hyl aX I e Marta Jarque, MS," Edoardo Melil, MD, PhD,? Elena Crespo, PhD," Anna Manonelles, MD,2 Nuria Montero, MD,?

¢ Joan Torras, MD, PhD," Josep M. Cruzado, MD, PhD,"* Sergi Luque, MS," Salvador Gil-Vernet, MD,?
f  Josep M. Grinys, MD, PhD,"? and Oriol Bestard, MD, PhD'?

Transplantation m November 2018 m Volume 102 m Number 11

KTR
Dec 2014-Nov 2016

Excluded (n=148) n=244 A
-Preemptive therapy (n=62) | ____________ 10
- D- and/or R- (n=66) ' | CMV-specific CMI

- 3mo blood samples unavailable (n=20) — E A specific CMI
~—— pp65 specific CMI
Study cohort 08 e - = *Reference Line
D+R+ / 3mo Prophylaxis A B G
nee IE.specific CMI ppeS-speciic CMI CMV-specific CMI
%’ % 3 b [ b —FiNegative 10 R
i s - memimee e e =" tPositive e St
CMV CMI monitoring: @ e
At baseline (n=47) s 500 cos gos
@ 04 3 3
At 2 weeks (n=47) ' % £ ]
At 1mo (n=47) 3 o8- 3o o8
3 H H
3 3 3
02 4 2 3 3
Anti-IL2RA induction rATG induction ’ £ " §o
CMV CMI at 3mo CMV CMI at 3mo g 1E-1: AUC 0.704; 95%C1 0.585-0.823 2 2 ]
n=50 Sy PPES: AUC 0.680; 95%C 0.540-0.820 & 02+ < 02 & o2
00 T T T T
00 02 04 08 08 10 o0 Log-rank test=0.002 00 Log-rank test=0.014 00  Logank test=0.006
1 - Specificity i ‘ s T P } . 2 13 I : : k3 * P

Time after Transplantation (months) Time sfter Transplantation (months) Time after Transplantation (months)
12mo clinical follow-up MNegative(n) 34 2 u 19 1 Negative(n) 28 2 20 18 12 W sa 51 51 35 k3
(CMV infection/ CMV disease) Positive (n) 62 58 58 @ 31 Positive (n) 68 62 62 2 3 R 2 18 1 n 8
HR (o 1

Seuils IE1 et pp65 a 25 et
130 IFN-y spots/3.105 PBMC

La réponse IE1(>130 spots) est le meilleur prédicteur a M3 avec un OR de 5.5
A M3 post greffe, I'impact des anticorps anti thymocytes(ATG)utilisés pour I'induction est minime



1¢" essai randomisé : 160 patients receveurs de rein D+/R+ randomisés entre
préemptif et prophylaxie et stratifiés en fonction de leur résultat ELISpot

Low risk (Tspot +)

T Spot pré-transplantation
A

CMV preventive

High risk (Tspot -)

CMV preventive

Clinical Infectious Diseases

AR

of America hi medicine association

Cellular Immunity to Predict the Risk of Cytomegalovirus
Infection in Kidney Transplantation: A Prospective,
Interventional, Multicenter Clinical Trial

Marta Jarque,' Elena Crespo,' Edoardo Melilli** Alex Gutiérrez Francesc Moreso,* Lluis Guirado,* Ignacio Revuelta,® Nuria Montero, Joan Torras,'?

Lluis Riera,’ Maria Meneghini,'? Omar Taco, Anna Manonelles,” Javier Paul,* Daniel Seron," Carme Facundo,” Josep M. Cruzado,'? Salvador Gil Vernet,”
Josep M. Grinyd,'* and Oriol Bestard"?

experimental Nephrology Laboratory, Bellvitge Biomedical Research Institute, IDIBELL, Hospitale de Lobregat, Spain, "Kidney Transplant Urit, Nephrology Department, Belvtge University
Hospital, Barcelona, Spain, Kicney Transplant Unit, Nephrology Department, Hospital Miguel Servet, Zaragoza, Spain, *idney Transpiant Unit, Nephrology Department, Vall ¢ Hebron University
Hospital, Barcelona, Spain. Kidhney Transplant Unit, Nephrology Department, Fundacio Puigvert, Barcelona, Spain, Kidney Transplant Unit, Nephrology Department, Hospital Ciinic de Barcelona,
Barcelona, Spain, and Urology Department, Bellvitge University Hospital, Barcelona, Spain

Jarque, CLIN INFECT DIS, vol. 357, pp. 2601-11, Feb. 2020.

Le bénéfice de la prophylaxie
est maximal pour les patients
non réactifs a J15 post
transplant permettant de mieux
prédire l'infection a CMV (81,3

“w-——, @ therapies therapies
s H — Prophylaxis s 1 Prophylaxis
g 08 & -+~ Preemptive s .1+ Preemptive
3 2
@ Y °
® | PO — - b4
S 0.6 &
Assessed for eligibility (N=219) T 3
S 2 oa- H
———————————————————— g 04 g 04 i
| Screening failure (n = 59) k3 g H
1 Low-Risk T-5pot®.CMV (n= & = I i - CRRPE R —
| Recipient CMV Seronegativ g 0 g o :
| Samples in poor conditions 3 S
Enrolled (N=160,R+/0+) [ beememeemoooeoooo HR 8.96 (95% C1 2.05-39.07) HR3.25(95% C11.39-7.63)
0.0+ Log-rank test <.001 0.0 Log-rank test = .003
T 1 T T T T I T 1 T T T T T
. L o 2 4 6 8 10 12 0 2 4 6 8 10 12
Gi B
LowRisk (IE-1) T-5pots.CMV High-Risk (IE1) T-Spot®.CMV Time after Transplantation (months) Time after Transplantation (months)
n =103 (64.4%) =57 (35.6%) H
187 G0 0%) Prophylaxis(n) 39 38 37 36 36 36 36 Prophylaxis(n) 23 17 12 10 10 10 10
Event-Free(n) 39 39 38 37 37 37 37 Event-free(n) 23 21 17 15 15 15 15
Preemptive(n) 43 28 24 24 24 24 24 Preemptive(n) 23 11 4 4 4 4 4
(A1) Prophylaxis (A2) Preemptive (81) Prophylaxis (82) Preemptive Event-F Event-Fi 23 12 6 6 6 6 6
n = 49 (47.6%) ’ n =54 (52.4%) n =27 (47.4%) n =30 (52.6%) vent-Free(n) 43 30 27 27 27 27 27 vent-Free (n)
............... S o c cmvprevellive D MV preventive
| Consent withdrawal 3 1.0- therapi 1.0 — therapies
i Graftloss ’ I B o s e a e e + = Prophylfitis - : 1 Prophylaxis
| Death 4 2 -+~ Preempfile S : .1 Preemptive
| Discontinued medication 7 5 08 Sos
1 Lost to follow-up 5 3 3 H
____________________ 2 :
8 os- 8 o6
(A1) Prophylaxis (A2) Preemptive (B1) Prophylaxis (B2) Preemptive 13 c
n = 48 (46.6%) n=45(43.7%) =18 (31.6%) n =26 (45.6%) £ o4 € o4
v ¥ 8™ g o
£ E
Complete 12-mo follow-up n = 137 (85.7%) E 0.1 é iz
3] 3]
- HR 7.79 (95% C13.31-18.37)
0.0 Log-rank test =147 0.0+ Log-rank test<.001
1 T T 1 1 T ) T T T T T T T
0o 2 4 6 8 10 12 o 2 4 6 8 10 12
Time after Transplantation (months) Time after Transplantation (months)
Prophylaxis(n) 22 22 22 22 22 22 22 Hbphylaxis(n) 32 31 26 25 24 24 24
Event-Free (n) 22 22 22 22 22 22 22 Efent-Free (n) 32 32 27 26 25 25 25
Preemptive(n) 22 19 18 18 18 18 18 Alkemptive(n) 32 13 5 5 5 5 5
Event-Free(n) 22 20 20 20 20 20 20 Ekntfree(n) 32 13 6 6 6 6 6

% contre 9,1 % ; OR : 43,33 [ICa
95 % : 7,89-237,96]).

Une prolongation de la
prophylaxie pourrait étre
proposée aux patients qui
restent ELISpot négatifs.

T Spot J15 post-transplantation

IE1 et pp65 donnent le méme résultat mais avec des cut offs différents redéfinis ici pour prégreffe et J15



Essai randomisé TIMOVAL immunoguidage de la

prophylaxie par le QuantiFERON-CMV chez les
receveurs de greffe rénale R+ sous ATG

336 CMV-seropositive kidney transplant
candidates assessed for eligibility

186 Excluded
140 Did not meet inclusion criteria
...... > 68 Negative CMV-CMI pre-
transplant
72 No induction with ATG
46 Non-transplanted

150 Randomized

Intent-to-treatment
74 Assigned to reccive fixed-
duration prophylaxis

Intent-to-treatment
76 Assigned to receive
immunoguided prevention

Lost to follow-up:

Lost to follow-up:
1 Patient decision

3 Patient decision

3 Death 1 Death
2 Protocol deviation 3 Investigator’s
1 Investigator’s decision

decision

| 67 Completed long-term follow-up | | 69 Completed long-term follow-up |

Seuil utilisé : seuil du fabricant

Clinical Infectious Diseases

Immunoguided Discontinuation of Prophylaxis for
Cytomegalovirus Disease in Kidney Transplant Recipients
Treated With Antithymocyte Globulin: A Randomized
Clinical Trial

Aurora Paez-Vega,' Belén Gutiérrez-Gutiérrez,>* Maria L. Agiiera,* Carme Facundo,’ Dolores Redondo-Pachén,® Marta Suiier,” Maria 0. Lopez-Oliva,®
Jose R. Yuste,>* Miguel Montejo,>'° Cristina Galeano-Alvarez," Juan C. Ruiz-San Millan,” Ibai Los-Arcos,*™ Domingo Hernandez,"*

Mario Fernandez-Ruiz>* Patricia Muiioz," Jorge Valle-Arroyo,'? Angela Cano,'? Alberto Rodriguez-Benot,"* Marta Crespo,® Cristian Rodelo-Haad,"*
Maria A. Lobo-Acosta,” Jose C. Garrido-Gracia," Elisa Vidal,'>"* Luis Guirado,” Sara Cantisan,"* and Julian Torre-Cisneros'*'"; on behalf of the TIMOVAL
Study Group

Non infériorité en terme de

0,30+ Log-rank test; P = 0.422

0,257

0,20

0,157

Cumulative Hazard

0,10

0,057

0,00

Immunoguided prevention

Fixed-duration prophylaxis

réduction :

-des infections (17.1% vs 13.5%;
log-rank test, P = .422)

Et

- des maladies a CMV(0% vs
2.7%; P = .149)

mais

Number at risk
Immunoguided prevention 76

Fixed-duration prophylaxis 74

74
72

T T T T
200 250 300 350
Time from transplantation (days)

58 56 56 56
59 58 58 58

bénéfice en terme de
neutropénies (9.2% vs 37.8%;
odds ratio, 6.0; P < .001)

et d’évolution clinique



QuantiFERON® CMV to guide the duration of post-lung
transplant prophylaxis

The Journal of
Heart and Lung
Transplantation

{
ELSEVIER

http:/7www jhltonline.org

@ CrossMark

Real-world experience of Quantiferon-CMV
directed prophylaxis in lung transplant recipients

Bradley J. Gardiner, MBBS, PhD,* Sue J. Lee, PhD,” Allisa N. Robertson, MD,*
Yvonne Cristiano, BN,” Gregory L. Snell, MBBS, MD,"

C. Orla Morrissey, MB, BCh, PhD,” Anton Y. Peleg, MBBS, PhD,** and

Glen P. Westall, MBBS, PhD**"

263 patients D+/R- et R+
Arret de la prophylaxie lorsque le test QF
est positif

Resultats corrélés au statut sérologique
plus qu’au résultat du QuantiFERON

NB : QF négatif pendant toute la
prophylaxie chez les R- => Utilisation
potentielle avec seuils plus élevés chez les
R+? A étudier

Estimated probability

0.75 1

0.50 1

0.25 1

0.00

51 151
Not QF directed

(a)
p =0.028
0 3 6 9 12 15 18 21 24
Months from transplant
Number at risk
149 131 103 89 74 29 23
53 53 53 37 32 27 24 11 M
0o 3 6 9 12 15 18 21 24

Months from transplant

Estimated probability

(b)
1.00 1 K] ‘ ‘ ‘
0.75 4
=
0.50 1 m
0.25 1
p < 0.0001
0.00 T T T T T T T T
0 3 6 9 12 15 18 21 24
Months from transplant
Number at risk
18 18 18 18 18 15 13 9 8
Neg/ind, extended436 36 36 36 35 28 22 6 5
Pos, standard 4137 137 135 106 74 67 58 24 20
13 13 13 8 8 65 1 1
0 3 6 9 12 15 18 21 24

Months from transplant




Essai isé hylaxie i idée par ELI
Graphical Absiract ssai randomisé de prophylaxie immunoguidée par ELISpot

Immune monitoring-guided vs fixed duration of antiviral prophylaxis against cytomegalovirus | § & 'IDS‘ \ g
e LD/

in solid-organ transplant recipients. A Multicenter, Randomized Clinical Trial

Manuel et al. 2023 | Chinveal Infectious Diseases Infections Diseases Society of America

Q BACKGROUND: Can assays detecting cytomegalovirus (CMV)-cell-mediated immunity individualize the duration of antiviral prophylaxis ?

€9 Kidney / liver transplantation n =87 n=98

;KW or ;'.V: Q CMV D+/R- or
_""""‘"d m"“'ﬂ" CMV R+ and ATG
® prophylaxis based on
immune-monitoring vs, Immune monitoring c
PR group ontrol group
- T-Track-CMV monthly
PR INE S Clinically significant CMV infection 30,9% m 31 .1 %

-Duration of antiviral prophylaxis (days) 1 1 3 7 p < 0.001 for 145 5
® e

Immune monitoring resulted in a .signiﬁcant reduction of antiviral prophylaxis, but we were unable to establish noninferiority of this approach on
the co-primary endpoint of CMV infection.

Clinical Infectious Diseases https://doi.org/10.1093/cid/ciad575

antiviral-prophylaxis-against-cytomegalovirus-in-solid-organ-transplant-recipients-a-multicenter-randomized-clinical-trial-

1cd729ef-d7a6-4dca-a470-d73al1f6a3b41
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Eva I uation d u T-S p otena l I O-g reffe Cytomegalovirus (CMV) Cell-Mediated Immunity and
4 i i CMV Infection After Allogeneic Hematopoietic Cell

d e CSH e:tu d €emu lt icentri que Transplantation: The REACT Study

observationnelle REACT o W O vt T i oo e A

Dimpy P. Shah,” Ying Jiang,' and Ella Ariza-Heredia'

250 patients enrolled
in 13 hematopoieticcell

First Reactivation vs Median T-SPOT )
i ; transplantation (HCT) centers
Reconstitution
250 25
9 patients were excluded:
200 0 w - Withdrawals/death before
= = initial visit (n=8)
m @ - No CMV ELISPOT results
. — — before CMV event (n=1)
€ 150 G 15 B
G Y
‘U_' O Total of 241 patients
= 100 10 g followed for 6 months for
W [= any clinically significant
= CMV infection (CS-CMVi)
50 5 =
0 —— - 0

2 4 6 8 10 12 14 16 18 20 22 24 26

— Median [E-1 Median ppb5s =i of patients with reactivation 70 patients 171 patients with

with CS-CMVi no CS-CMVi

Clinical Infectious Diseases 2020;71(9):2365-74



L'ELISpot permet d’identifier les patients a risque d’infection a CMV
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Probability of CS-CMVi

B. 100% -
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0%

Days after week 2

Low CMV-CMI  =====- High CMV-CMI

p=0.049
........
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Days after week 2
Low CMV-CMI  =====- High CMV-CMI
p=0.039
0 20 40 60 80 100 120 140 160 180

Cut-off IE >100

Cut-off IE >100
et PP65>100

Chemaly et al., Clin Infect Dis, Volume 71, Issue 9, 1 November 2020, Pages 2365-2374, https://doi.org/10.1093/cid/ciz1210

Cut-off a définir par test
et par antigene


https://doi.org/10.1093/cid/ciz1210

Impact significatif sur la survie des patients d’'une faible réponse cellulaire associée a
une infection a CMV cliniquement significative (augmentation de CV justifiant un
traitement CS-CMV))
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Low CMV-CMI without CS-CMVi
—— High CMV-CMI with CS-CMVi High CMV-CMI without CS-CMVi

CUT-OFF : IE <100 spots=Low

Chemaly et al., Clin Infect Dis, Volume 71, Issue 9, 1 November 2020, Pages 2365-2374, https://doi.org/10.1093/cid/ciz1210
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L’Elispot permet de prédire I’évolution d’une charge virale faible vers une charge virale élevée chez les

patients a bas risque d’infection CMV

Progression to CMV event (%)

100% + ch
90% 4 P <.0001
80% A
70% A
60% A
50% A
40% A
30% A
20% A
10% A

Median CMV PCR level TU/ml

0%

0 10 20 30 40 50 60
Days after enrollment

Median CMV PCR level (U/mL)

Low CMV-CMI ~ ------- High CMV-CMI St kigbombesne

—e—Median CMV load of patients with CMV event  —@—Median CMV load of patients without CMV event

—m—Median IE1 of patients with CMV event —#— Median IE1 of patien

55 Patients greffés de CSH suivis en T Spot (Oxford technologies)

Endpoint : CMV >1000 IU/ml si bas risque; CMV>500 IU/mL si haut risque (GVHD, TT par corticostéroides pendant la durée de I'étude
(60])

Pas de différences significatives entre pp65 et IEl mais seuils différents : pp65 SPC: 100/250 000 cells et IE1 <50 SPC/250 000 cells.

El Haddad et al., J Infect Dis, Volume 219, Issue 6, 15 March 2019, Pages 898-907, https://doi.org/10.1093/infdis/jiy592
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L'ELISpot pourrait permettre de guider 'arrét du traitement préemptif
en cas d’infection a CMV et donc diminuer les neutropénies

Q
I Patients screened (n = 73)| A Q
$ 1007 — Study group
’/— Patients  excluded (n=12). % --- Matched control group
One or more of the following: =
| Patients included (n = 61)| +Treatment not administered within © 050
72 h after plasma CMV DNA load E
\L reached the established threshold o
N . for treatment initiation (n = 7) =3
I Immunological monitoring day +7 | +Platelets count <25 x10%/L at the £ 000
time of study entry (n=4) 8
{— *Discontinuation| *Neutrophils count <0.5 x10°
of therapy cells/L at the time of enrollment
according to (n=3)
= *First episode of CMV DNAemia days post-treatment
the protocol
m=1) after day 100 days after transplant
(n=1) Study group 61 58 55 44 41 40 38
*Enrollment in another clinical trial
Immunological monitoring day +14 (n = 59) m=1) ! e Matched control group 56 56 55 43 38 36 36
«Female with a pregnant test not
— *Discontinuation| performedn =1 B
of therapy §
according to
g 1004 — strate
Toxicity (n=2)| <—| ::e_plr)‘"“"' 2 --- No strgtyegy
£ | - Control group
o 050
Immunological monitoring day+21 (n =57) é _____ eSeessassscasssad
3 et
{(— *Discontinuation of = e  imieg
therapy according g 0.00 I T T T T T 1
o

e 0 10 20 30 40 50 60
days post-treatment

Immunological monitoring day +28 (n = 53) Stra?:gayter?o); ::::;:Zg :_)g) l; 1‘1 ;; ;; ;; ;g
I *Discontinuation of Matched control group 56 56 55 43 38 36 36

therapy according to
the protocol (n=6)

Discontinuation of therapy with <

iy Récurrence de /ADNémie a CMV?
Discontinuaton o thrapy > dey 30 altr ransplant =39 | Impact de la stratégie ELIspot-guidée
sur I'incidence des infections a CMV dans les deux mois suivant l'arrét
du traitement par valganciclovir

Navarro et al., OFID, 2016 DOI: 10.1093/ofid/ofw107



L'immunomonitoring est donc recommandé pour
préciser la durée de la prophylaxie avec des
restrictions
SOT

HCT

If available, we recommend performing a CMV-CMI test
in R+ kidney transplant recipients with (strong,
moderate) or without (weak, very low) lymphocyte-
depleting antibodies and discontinuing antiviral
prophylaxis in case of a positive test.

Although a precise timepoint for performing the CMV-
CMI test cannot be recommended, we suggest a single
timepoint at 1-month post-transplant or once a month
during prophylaxis. A preemptive approach after
stopping prophylaxis is suggested (weak, moderate).

We suggest not routinely using CMV-CMI tests in D+/R-
for any organ type. Immune monitoring appears to be
less predictive given the large number of patients in
whom CMV-CMI remains undetectable or who have
indeterminate responses (weak, low).

Sequential monitoring of IFN-y-producing CMV-specific T cells
may provide potentially useful information for the
management of CMV infection after allo-HCT, that may be
used to personalize PET (ClIt).

The main applications of these assays may include extending
or shortening the duration of primary LMV prophylaxis (llIt),
withholding therapz for low level viral loads (Cll), and to
identify patients that may benefit from secondary LMV
prophylaxis (Cll).

For future non-interventional or randomized studies
assessing the clinical value of monitoring IFN-y-producing
CMV-specific T-cell responses in the management of CMV
infection, the use of commercially-available CMV IGRA that
were investigated in clinical settings are preferable over
laboratory-developed flow cytometry-based immunoassays

().

* Kotton C et al., Fourth IntL consensus guidelines on the management of cytomegalovirus in solid organ transplantation. Transplantation 2025
* Ljungman P. et al., Recommendations from the 10th European Conference on Infections in Leukaemia for the management of
cytomegalovirus in patients after allogeneic haematopoietic cell transplantation and other T-cell-engaging therapies . Lancet ID 2025



Peut-on affiner les résultats ?

Analyse poolée des patients de 4 études utilisant le méme ELISpot
en transplantation rénale (T Spot)
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A New Prognostic Score Based

on Cell-Mediated Immunity

for Cytomegalovirus Infection After
Transplantation
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Derivation kidney transplant cohort (N=570)
R+ (n=404) ; D+/R- (n=166)

Early (15-day) monitoring (n=48) ; Late (3/6-month) monitoring (n=522)

Cohort 1 (NCT 02550639)"
N= 108 (R+)
Early (15-day) monitoring (n=48)

Late (3-month) monitoring
(n=60)

Cohort 2"°
N= 44 (R+)

Late (3-month) monitoring

Cohort 3 (NCT 02382211)"®
N=345 (R+; D+/R-)
R+ (n=189); D+/R- (n= 156)
Late (3/6-month) monitoring

Cohort 4 (NCT 03652402)
N= 73 (R+; D+/R-)
R+ (n=63); D+/R- (n=10)
Late (3/6-month) monitoring

U

Validation SOT cohort (N=179)

Excluded* N=33

Patients analyzed (N=146); R+ (n=130); D+/R- (n=16)
LR (n=50): all preemptive therapy/stop prophylaxis

Définition des seuils

Validation des parametres prédictifs
dans une nouvelle cohorte prospective

IR (n=47): 82.9% preemptive/stop prophylaxis; 17.1% prophylaxis initiation/extension
HR (n=49): 61.2% preemptive/stop prophylaxis; 38.8% prophylaxis initiation/extension

immunoguidée

Figure 1. Flow-chart of the study. D+, CMV IgG seropositive donor; HR, high-risk CMI; IR, intermediate-risk CMI; LR, low-risk CMI; R—, CMV 1gG
seronegative recipient; R4+, CMV IgG seropositive-recipient; SOT, solid organ transplants. *Patients excluded from validation cohort because of loss of
follow-up (n= 13), use of antirejection therapy (n = 7), unavailable blood samples (n= 7), and prophylaxis initiation before the CMV-CMI test (n = 6).



CMV-specific IFN-y spots/250 000 PBMCs
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A New Prognostic Score Based Ly
on Cell-Mediated Immunity

for Cytomegalovirus Infection After
[Table 4. Univariate and multivariate logistic regression analysis of main clinical, demographic and immunological variables predicting CMV-CSI Tansplaniston
Univariate analysis Multivariate analysis
Variables predicting CMV-CSI OR 95% Cl P OR 95% CI P
Type of CMV preventive therapy (Prophylaxis vs. preemptive) 0.264 0.135-0.517 < 0.0001 0.171 0.064-0.456 < 0.0001
Sex (Male) 1.058 0.626-1.788 0.834
Age (yrs) 1.030 1.009-1.052 0.004 1.034 1.011-1.058 0.004
Induction (T-cell deplefion) 0.603 0.366-0.993 0.047 1.215 0.646-2.282 0.546
Serological risk (D+/R— vs R+) 2.920 1.760-4.844 < 0.0001 282922 1.173-4.210 0.014
IE-1 HR vs. LR 14.176 4.399-45.686 < 0.0001 5.721 1.5665-20.913 0.008
Pp65 HR vs. LR 8.270 3.717-18.402 < 0.0001 4.198 1.635-10.780 0.003
Absolufe lymphocyte counts (Giga/L) 1.204 0.858-1.691 0.283

Cl, confidence interval; CMI, cell-mediated immunity; CMV, cytomegalovirus; CSI, clinically significant infection; D+, CMV IgG seropositive donor; HR, high-risk CMI; IE-1, immediate-
early protein 1; LR, low-risk CMI; OR, odds ratio; pp65, 65 kDa phosphoprotein; R—-, CMV IgG seronegative recipient; R+, CMV IgG seropositive-recipient.
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La Cinétique de Décision : Le Modeéle de Stratification d’Oriol Bestard de Limoges

Essais cliniques RESPECT & ELISPOT-TC (Greffe rénale et cardiaque).

JO J15/ M1

) &

“ Prophylaxie Fin de prophylaxie c,
HIGRIELS D@ SiCMI _ courte ou standard ©)
_ robuste 4V traitement
MR IS e P:f;'cgggze / préemptif. Evaluation avant I'arrét
Objectif : Evaluer Ia (EvallatontSous complet des antiviraux.
réserve immunitaire immunosuppression)

initiale du receveur. Si CMI
absente

Prophylaxie Objectif : Prédire et prévenir
prolongée. les réactivations tardives
(late-onset CMV).




Clinical Trial > Clin Infect Dis. 2026 Feb 25;82(2):e316-e324. doi: 10.1093/cid/ciaf632.

Le Test QuantiFERON® CMV ne permet pas de prédire la maladie Cytomegalovirus (CMV)-Specific Cell-Mediated

é C MV Immunity for Prediction of Postprophylaxis CMV

Disease in a Phase 3 Trial of Letermovir Versus
Valganciclovir Prophylaxis in Donor CMV-
Seropositive/Recipient CMV-Seronegative Kidney
Transplant Recipients

Cytomegalovirus-specific cell-mediated immunity for prediction of post-prophylaxis CMV disease in a phase 3 trial of letermovi
valganciclovir prophylaxis in donor CMV-seropositive recipient CMV-seronegative kidney transplant recipients

Ajit P Limaye ', Marta Crespo 2, Nassim Kamar 3, Atul Humar 4, Robert P Carroll 5,
Marcus R Pereira ©, Natalya Broyde 7, Weiwen Wang 7, Barbara Haber 7

Limaye et al,, 2025 | Clinical Infectious Diseases

Study objectives

In a large population of CMV D+R~ KTRs from baseline to week 52 =
1.) Characterize the evolution of CMV-specific cell-mediated 1.2 26

(CMV-CMI) with letermovir vs valganciclovir
2.) Determine the clinical utility of the QuantiFERON-CMV (QFT-
CMV) assay for prediction of post-prophylaxis CMV disease

%)

of poropants witn

Evolution of CMV.
CMl in the
letermovir and
valganciclovir
study arms was
similar except for
a slightly lower

Il positivity rate in
. e - P the letermovir

™ "
Day 1 Week 12 Week 52 . € 07 arm at week 28
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Based on the results of this study, the QuantiFERON-CMYV result at the end of prophylaxis ha '
limited clinical utility to predict post-prophylaxis CMV disease in CMV D+R- KTRs o C WIMLRA | WHNANS e

Clinical Infectious Diseases https://doi.org/10.1093/cid/cial632



Peut-on améliorer les scores prédictifs d’infection a CMV du QuantiFERON®
CMV en modifiant les seuils, au moins en transplantation rénale ?

population homogeéne de 73 greffés rénaux R+ suivi sur 12 mois post-greffe dans 9 centres francais
du groupe SPIESSER et de la FHU SUPORT (Etude QuanticR+) (2)

TABLE 5 Diagnostic performance of the QF-Ag or the QF-Mg at M1 using manufacturer’s cut-offs for prediction of CMV reactivation in the R+ KTR

cohort.

Cut-off Time point Follow-up Sensitivity* % Specificity* % PPV* % NPV#* %

(IU/ml) [95% Cl] [95% Cl] [95% Cl] [95% Cl]
M1 M1-M4 25.0 [3.2;65.1] 78.0 [64.0; 88.5] 15.4 [1.9; 45.4] 86.7 [73.2; 95.0]

QF-Ag<0.2 M1 M1-M6 27.3[6.0;61] 78.7 [64.3; 89.3] 23.1 [5.0;53.8] 82.2 [68.0; 92.0]
M1 M1-M12 28.6 [8.4; 58.1] 79.5 [64.7; 90.2] 30.8 [9.1;61.4] 77.8 [62.9; 88.8]
M1 M1-M4 37.5[8.5;75.5] 80.0 [66.3; 90.0] 23.1 [5.0; 53.8] 88.9 [76.0; 96.3]

QF-Mg<0.5 M1 M1-M6 45.5 [16.8; 76.6] 83.0 [69.2; 92.4] 38.5 [13.9; 68.4] 86.7 [73.2; 95.0]
M1 MI1-M12 429[17.7;71.1] 84.1 [69.9; 93.4] 46.1 [19.2; 74.9] 82.2[67.9; 92.0]

PPV, positive predictive value; NPV, negative predictive value; and CI, confidence interval. *Calculated in patients with data available over the study period.

TABLE 6 Diagnostic performance of the QF-Ag or the QF-Mg at M1 using optimized cut-offs determined by ROC curves for prediction of CMV
reactivation in the R+ KTR cohort.

AUC, Area under |

Cut-off AUC  Time point  Follow-up Sensitivity* % Specificity* % PPV* % NPV* %

(IU/ml) [95% Cl] [95% Cl] [95% Cl] [95% Cl]

QF-Ag<2.23 p.53 M1 M1-M4 62.5 [24.5;91.5] 52.0 [37.4; 66.3] 17.2 [5.8; 35.8] 89.7 [72.7; 97.8]
QF-Ag<9.12 0.56 M1 M1-M6 90.9 [58.7; 99.8] 27.7 [15.6; 42.6) 22.7 [11.5;37.8] 92.9 [66.1; 99.8]
QF-Ag<2.48 0.61 M1 MI1-M12 71.4 [41.9; 91.6) 54,5 [38.8; 69.6] 33.3[17.3;52.8] 85.7 [67.3; 95.6]
QF-Mg<1.29 061 M1 MI1-M4 62.5 [24.5;91.5) 68.0 [53.3; 80.5] 23.8[8.2;47.2] 91.9[78.1; 98.3]
QF-Mg<1.29 0.69 M1 M1-M6 72.7 [39.0; 94.0] 72.3 [57.4; 84.4] 38.1[18.1;61.6] 91.9[78.1; 98.3]
QF-Mg<127 0.68 M1 M1-M12 64.3 [35.1;87.2] 72.7 [57.2; 85.0] 42,9 [21.8;66.0] 86.5 [71.2;95.5]

ROC Curve; PPV, positive predictive value; NPV, negative predictive value; and CI, confidence interval. *Calculated in patients with data available of

er the study period.

Mafi et al., Frontiers in medicine 2023



QuantiFERON® CMV pour prédire I'utilité
d’une prophylaxie secondaire en organe

solide :

27 patients (CV 10 900 IU/mL)

SOT patients
screened for onset
of viremia n=64

Excluded:
- Had prior CMV viremia
(n=17)
=1- Unable to comply with study
bloodwork (n=12)

- Breakthrough viremia on
antivirals (n=0)

Enrolled n=32

bloodwork for CMI

_|Did not provide EOT|
testing n=5

EOT CMI collected
n=27 (analysis
population)
|

ositive CMI (n=14) Neg(?qt;‘g)c“’”

14/27 (51.9%)=> No
prophylaxis : 1 recurrent
infection

13/27 (48.1%) => 2 Months
secondary prophylaxis
62% recurrent infection

American Journal of Transplantation 2017, 17: 2468-2473 © 2017 The American Society of Transplantation
Wiley Periodicals Inc. and the American Society of Transplant Surgeons

doi: 10.1111/ajt.14347

Brief Communication

An Interventional Study Using Cell-Mediated
Immunity to Personalize Therapy for
Cytomegalovirus Infection After Transplantation

D. Kumar¥*, M. Mian, L. Singer (?) and A. Humar  Introduction

CMV CMI Interventional Study
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0.6+

0.4+

Freedom from CMV Recurrence

0.2

0.0+

T T T T
0 50 100 180 200

Time from Initial CMV viremia clearance (days)

positive CMV-cell-

mediated immunity (CMI) (blue line-online version or gray
line-print version) or negative CMI (red line-online version
or black line-print version). Log-rank p-value = 0.001.



L'ELISpot predit I'infection a CMV tardive

apres |'arrét du leter

Seuils définis sur cette
population : 67 et 4
spots/250,000 cellules pour
pp65 et IE-1, pour prédire
I'infection a CMV entre 100
et 200 j post greffe justifiant
un traitement (CS-CMV).
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Figure 3. —. Cumulative incidence of late clinically significant CMV (csCMV) infection from 100-
200 days post-HCT stratified by CMV cell-mediated immunity (CMV-CMI) and other clinical
parameters.
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Que retenir?

* L'immunomonitoring des infections a CMV repose sur la mesure des réponses cellulaires contre des antigenes
majeurs au minimum pp65 et IE

* Les seuls tests validés (marqués CE) sont les tests IGRA QuantiFERON®CMV ou ELISpot . Les autres tests (analyse
des cytokines intracellulaires ou test IGRA sur lysat BioMérieux Vidas) sont en cours de validation

* Le QuantiFERON®CMV est disponible et automatisable au CNR ou dans de nombreux laboratoires de virologie,
LELISpot nécessite une entente préalable pour envoi de sang frais au laboratoire concerné dans un délai de 24h00

* Leurs indications selon les recommandations internationales sont
* Vérification de séropositivité du receveur en cas de doute (IgG équivoques) avant greffe d’organe

* Minimisation de la durée de prophylaxie primaire aprés greffe de rein chez les receveurs séropositifs (non validé en greffe
pulmonaire, en cours de validation en greffe cardiaque, accepté pour le foie)

* Extension de la prophylaxie primaire par letermovir aprés allogreffe de cellules souches hématopoiétiques suggéré mais a évaluer

* Décision de prophylaxie secondaire post traitement de maladie ou infection a CMV suggéré mais a évaluer
* LELISpot a une bonne valeur prédictive négative et positive, sous réserve d’utiliser les seuils adaptés
* Des seuils plus élevés du QuantiFERON®CMV pourraient étre nécessaires

* Les indications dans les autres contextes (HIV, MICI, autres immunodépressions ou infection congénitale a CMV)
sont a évaluer.
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HORUS is organised in 5 scientific work-packages described in Figure 1.
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Figure 1. Global overview of scientific WorkPackages 1 to S and parallel objectives fulfilled
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