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CMV infections in Solid-organ Transplant recipients (SOTR)

10-20% of SOTR

Kotton, Transplantation. 2018 Jun;102(6):900-931



Difficult-to-treat CMV infections

Persistent CMV infections
(20%)

Asberg AJT 2007



Difficult-to-treat CMV infections

Recurrent CMV infections
(15%)

Gardiner, Clin Infect Dis. 2017 Nov 29;65(12):2000-2007



Difficult-to-treat CMV infections

Antiviral drug resistant 
CMV infections
(5%)

Lurain et al, J Infect Dis. 2002 Sep 15;186(6):760-8 Boivin et al, Antivir Ther. 2009;14(5):697-704



Unmet needs in the field of CMV infection

• Better prevention strategies

• Better safety of treatments

• Better second-line therapies for persistent or recurrent CMV infection 



IFN𝛾

Cytotoxicity

Primary immune response

Epithelium

CMV

Latency reservoir

CD34+Monocyte

NKT𝛾𝛿

Viral reactivation

IFN𝛼/𝛽

IL-12/18DC

Endothelial cell

CMV-infected cells

naïve CD8+

T𝛼𝛽

Ag processing & 
presentation

⟲

Stress Ag

MHC I

M𝜙

Ly49H+/NKG2C+

TEM/TEMRA phenotype 
acquisition

m157/EPCR

⟲⟲

IFN𝛾

Cytotoxicity

IFN𝛾

Cytotoxicity

IFN
𝛾

Cy
to

to
xic

ity

IFN𝛾
Cytotoxicity

Secondary immune response

From Khairallah et al., Front Immunol 2017

Anti-CMV cellular immune response



8
Adapted from Kaminski, Immunological Reviews 2020

γδ T cells involvement in the anti-CMV immune response



Kinetic of CMV-specific gd T cells after a resolutive infection
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Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6

gd

CD8



CMV immune response: How to use it in the management of 
SOTR ?

Dissemination and CMV disease
No CMV disease

gd

CD8

IgG



Risk of CMV in SOTR according to CMV immune response
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Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6
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Cellular Immunity to Predict the Risk of CMV Infection in 
R+ Kidney Transplantation

Jarque, CLIN INFECT DIS, vol. 357, pp. 2601–11, Feb. 2020.
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Cellular Immunity to Predict the Risk of CMV Infection in 
R+ Kidney Transplantation

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

CD8

15 days post-transplant

CMV-specific T cell response

No CMV-specific T cell 
response

ELISPOT IE-1

Basiliximab-
treated patient

Preemptive strategy



Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6

Valganciclovir prophylaxis



Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6

Valganciclovir prophylaxis
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Páez-Vega, A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574. 

Immunoguided Discontinuation of Prophylaxis

CD8

Quantiferon CMV

R+ ATG



Páez-Vega, A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574. 

Immunoguided Discontinuation of Prophylaxis
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Páez-Vega, A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574. 

Immunoguided Discontinuation of Prophylaxis
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Páez-Vega, A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574. 

Immunoguided Discontinuation of Prophylaxis



Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6

Valganciclovir prophylaxis
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Páez-Vega, A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574. 
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EVERCMV Study

sCNI
(N = 357)

CsA C0: 75–150 ng/mL CsA C0: 50–100 ng/mL

End of
study

Time post-Tx
Primary 

endpoint

Main inclusion criteria:
• CMV R+ recipients
• No DSA

Basiliximab
+

Ciclosporin and Steroids

EVEROLIMUS (C0: 3-8 ng/mL) (N = 95)

CsA C0: 100–200 ng/mL

M2 M4 M6D0

CsA C0: 25–50 ng/mL

M12M3

Preemptive therapy for CMV (n=186)

Kaminski, Am J Transplant. 2022 Jan 6.  doi: 10.1111/ajt.16946



EVERCMV: Ancillary study
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Transplantation Follow-up



EVERCMV: Ancillary study

MPA

Transplantation Follow-up

CD8 gd

Dysfunctional T cells ?



Phenotype of dysfunctional T cells

Molecules related to T cell dysfunction or 
displaying an immune checkpoint function :

Ø PD-1

Ø CD85j (ILT-2 or LILRB1)

Ø LAG-3

Ø TIM3

Ø KLRG1

CD8

gd

Dysfunctional T cells



Kaminski, H. et al. J Am Soc Nephrol 33, 121–137 (2021) 

Molecules related to T cell dysfunction before Transplant

MPA

CD8
n=9

n=12



EVERCMV: Ancillary study

EVR

Transplantation Follow-up

CD8 gd

Dysfunctional T cells ?

MPA



Everolimus decreases the proportion of CD85j+ and PD1+ T cells in 
vivo

MPA

EVEROLIMUS

Kaminski, H. et al. J Am Soc Nephrol 33, 121–137 (2021) 
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EVERCMV: Ancillary study

MPA

EVR

Transplantation Follow-up

CD8

Gamma-interferon in 
response to CMV



Gamma-interferon production by CMV-specific T cells 
increases rapidly after the initiation of Everolimus

Kaminski, Am J Transplant. 2022 Jan 6.  doi: 10.1111/ajt.16946
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CMV DNAemia requiring antiviral drug

Patients with ongoing EVR treatment 

Very low risk of CMV DNAemia
requiring antiviral drug

HR 0.08, CI95% 0.03-0.2, p<0.001

7.4% 

36.4% 
46%

Kaminski,  Am J Transplant. 2022 Jan 6.  doi: 10.1111/ajt.16946
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Anti-CMV immune response and prediction of CMV

CMV infectionTransplantation M3-M6

Identification of 
dysfunctional T cells

Everolimus

Valganciclovir prophylaxis
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Current issue in the management of CMV infection in SOTR:
How to induce a long-lasting CMV-specific T cell response ?

CMV infectionTransplantation M3-M6

???



Targeting CMV infection with CD8+ T cell therapies

CMV infectionTransplantation M3-M6

Adoptive transfer of CMV-
specific T cells

gd

CD8



Adoptive CD8 and CD4 T cell therapy: First experience 
in HSCT recipients

Nicholson, 2015.. Future Medicine 7, 135–146 (2015). 
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Adoptive CD8 and CD4 T cell therapy in SOT

CMV-specific 
CD4+ and CD8+ 

T cells

PBMCs

Recipient

Blood from 
recipient

Activation 
and 

expansion

• PBMCs were stimulated with a peptide pool which includes
peptide from pp65, pp50, IE-1, gH, and gB

• IL21 and IL2
• 14 days of culture

Smith, Clin Infect Dis 2019 Feb 1;68(4):632-640

} Persistent CMV infection or disease or 
CMV reactivation

} 21 SOT recipients (13 renal, 8 lung, and 1 
heart transplant recipient) were included
} 11 D+R-

13 SOT were allocated to 
intervention

} maximum of 6 doses of adoptive 
T-cell therapy

} 42 to 240 x 106 amplified cells

CD8



Adoptive CD8 and CD4 T cell therapy in SOT

Smith, Clin Infect Dis 2019 Feb 1;68(4):632-640

Immune reconstitution despite the continuation of immunosuppressive therapies

6 doses of adoptive T-cell therapy

CD8



Limits of adoptive CD8 and CD4 T cell therapy in SOTR

Shabir et al., J Am Soc Nephrol 2013; Gatault et al., Am J Transplant 2018

Limits associated to ab T cell adoptive transfer strategies:
Ø Ex vivo expansion from a patient/donor with pre-existing CMV immunity
Ø Issues of HLA mismatches and HLA sensitization

CMV-specific 
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CD8



Aim: develop a gd T cell based therapy to treat CMV infection

Marseres Gabriel,

gd



gd T cells features of interest for adoptive transfer strategies
Rational for gd T cell-based therapies

gdT cells: Tissue resident
30% of T cells in epithelia

ab T cell

CD3
ab TCR

MHC

gd T cell

?
gd TCR

Ligand recognition is not 
restricted by HLA presentation

Tissue repair 
(growth factors)

Dendritic cell 
maturation

B cell help and IgE
production

Priming of ab T 
cell via Ag 

presentation

Lysis of infected or 
stressed cells
(tumor cells)

Innate cell recruitment 
and activation
(cytokine and 

chemokines production)
IL17, IFNg, TNFa

γδ

Polyfunctionnal cells



Expansion and differentiation Anti-CMV response Clinical application

D-R+ HSCTR

Kidney Transplant  
Recipients (D+R-)

PBMCs

Amplified  gdT cells

IFNg

Degranulation
Endothelial  

cells

Macrophages

IL-18

gdTCR

Fibroblasts

LFA-1

Control of CMV 
dissemination

Adoptive  
therapy

Healthy donors 
(CMVneg or CMVpos)

D+R- SOTR

CMV

Adoptive gd T cell therapy: a preclinical study

gd

Marseres Gabriel, submitted Collaboration with the team of Bruno Silva Santos in Lisbon



Immune cell response: implications for tomorow

gd

CD8 • Better management of antiviral drugs

• Cell therapy



Acknowledgments

} Bordeaux Hospital
} Pierre Merville
} Hannah Kaminski
} Isabelle Garrigue

} Jonathan Visentin
} Mathieu Acquier

• EVERCMV Investigators
– Nassim Kamar (Toulouse)
– Olivier Thaunat (Lyon)
– Nicolas Bouvier (Caen)
– Sophie Caillard (Strasbourg)
– Dany Anglicheau (Necker)
– Jean-Philippe Rérolle (Limoges)
– Yann Lemeur (Brest)
– Antoine Durrbach (Kremlin-Bicetre)

} Lab
} Julie Déchanet-Merville
} Gabriel Marseres
} Hannah Kaminski
} Vincent Pitard
} Isabelle Pellegrin (CRB)
} Maxime Courant
} Victor Bigot
} Claire Tinevez

} Anais Cosentino

Methodology and biostatistics
Rodolphe Thiebaut


