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Cytomegalovirus
in organ transplantation

The transplant Troll in the 70’s…

• CMV disease was associated with a significantly increased 

incidence of transplant nephrectomy and death

• 12/60 patients (20%) developed lethal CMV disease

• The only patients to die with serious bacterial, fungal or 

protozoan infection during the period of this study had 

concomitant overt CMV disease

Peterson DK et al. Medicine 1980; 59: 283



Immunomodulatory 

effects

CMV pneumonitis Pneumocystis BOS

Direct effects

CMV infection



Risk factors for OB p-value

Airway ischemia 0.004

Late bacterial pneumonia NS

CMV disease 0.0006

Pneumocystis NS

Acute rejection 3 times 0.00001

Acute rejection grade III/IV 0.0001

CMV is associated with Bronchiolitis 

Obliterans Syndrome 

Bando K et al. J Thorac Cardiovasc Surg. 1995; 110: 4 



Grattam MT et al. JAMA 1989; 261: 3561



Pouteil-Noble C et al. Transplantation 1993; 55: 851
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CMV infection is associated 

with acute rejection



CMV is a risk factor for invasive fungal 

infection in liver transplant recipients

No CMV patients 

CMV patients 

George MJ et al. Am J Med 1997; 103: 106



Active CMV infection

Proinflammatory 

effects  

Immunosuppressive 

effects

Latent CMV infection

Organ transplantation
Surgery

Immunosuppressive drugs

↓ HLA expression

↓ Antigen presentation

↓ T-cell proliferation

↓ Production of IL2, IFN-γ

Increased risk of 

opportunistic infections

↑ TNF-α production

↑ Smooth muscle cell 

proliferation

↑ Adhesion molecule expression

↑ IL-8 and chemokine secretion

Increased risk for 

allograft rejection
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CMV genome structure

Genetic composition

– 2 unique regions of DNA – UL and US and flanking 

terminal repeat regions (TR) and internal repeat 

regions (IR)

– Encodes >150 proteins

– Gene expression occurs in a temporal cascade 

(immediate-early, early, and late)



Gandhi M et al. Lancet Infect Dis 2004; 4: 725

Many CMV-encoded immune evasion gene products!



Viral immune evasion strategies  

US2,US11

US6

Peptide loading onto 

MHC-I molecules

redirect MHC-I

for degradationblocks TAP

Retain MHC in ER
MHC class I 

peptide

CMV infected cellsUninfected cells

US6

Proteosome

TAP

Golgi



Schleiss M. J Clin Invest. 2010;120:4192



CMV-specific T cells from CMV viremic patients 

showed a significant loss of IL-2 production

Sester U et al. Am J Transplant 2008; 8: 1486

Il-2
Stimulates the growth, differentiation and survival of antigen-selected cytotoxic T cells

Necessary for the development of T cell immunologic memory



Anti CMV prophylaxis is associated with 

less opportunistic and other infections

Hodson E et al. Lancet. 2005;365:2105
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CMV infection up-regulates interleukin-8 

gene expression in fibroblasts

Il-8
Major mediators of the inflammatory response

Induction of chemotaxis in neutrophils

Plays a role in the pathogenesis of bronchiolitis

Craigen JL et al. Immunology. 1997;92:138



Persistent CMV infection is associated with 

increased expression of growth factors
Control CMV infection

TGF-β1

PDGF-AA

ICAM-1

Helantera I et al. NDT 2005; 20: 790



CMV infection is associated with 

endothelial inflammation in HTx recipients 

Koskinen P et al. Am J Pathol 1994; 144: 41

CMV infection

Acute 

rejection

CMV infection

+ Rejection

CMV infection

- Rejection



Possible role of MBL deficiency in CMV 

diases and post transplant diabetes 

?
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Late onset CMV 

infection
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1980s 1990s 2000s

Diagnostic ↑ x4 Ig
Viral culture / 

Antigenemia

Antigenemia / 

PCR

Prevention None

iv GCV, po 

GCV,

Preemptive

po VGC,

Preemptive

Treatment None / ivGCV ivGCV ivGCV / VGC

Acute rejection 

rates
50% 20-50% 10-20%

Immunosupresion AZA +/- Cyclo
Cyclo/tacro + 

AZA/MMF

CNI + MMF, 

mTORs, etc



Antiviral prophylaxis reduces the rate 

of acute rejection

CMV disease Acute rejection

Lowance et al. N Engl J Med 1999; 340: 1462 



Antiviral prophylaxis reduces graft loss 

in D+/R- patients (Collaborative Transplant Study)

RR= 0.80

Opelz G et al. Am J Transplant  2004; 4: 928 
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Months after transplantation

No differences in creatinine clearance in 

patients with and without CMV disease

Lamoth F et al. Transplantation. 2008; 

86:1323

3 months of VGC 

prophylaxis



CMV prophylaxis reduces graft loss 

compared to a preemptive approach

Kliem V et al. Am J Transplant 2008; 8: 975



Spinner ML et al. Transplantation 2010; 90:412



β-herpesvirus detection in BAL is common 

after lung transplantation
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Manuel O et al. Transplantation. 2009; 87:719
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CMV is not a risk factor for BOS and 

acute rejection
Risk factors BOS Acute rejection

Univariate analysis HR P-value HR P-value

CMV detection in BAL 1.04 0.89     0.81 0.30        

HHV-6 detection in BAL 1.13 0.69       1.15 0.70       

HHV-7 detection in BAL 1.31 0.15       0.90 0.57       

Bacterial pneumonia 9.89 <0.001*       2.57 0.009* 

Invasive fungal infection 10.39 0.002*      4.31 0.15 

Acute rejection 10.08 <0.001*

Induction therapy 1.55 0.37       0.65 0.21 

Multivariate analysis HR P-value

Invasive fungal infection 1.97 0.42

Acute rejection 8.72 <0.001*                

Manuel O et al. Transplantation. 2009; 87:719



Conclusions

• The indirect effects of CMV in transplant recipients are due to survival 

mechanisms of the virus:

– Immunosuppressive effects: to avoid recognition by the immune system

– Proinflammatory effects: to replicate and disseminate

• The causal relationship between CMV infection and rejection is difficult to 

determine due to multiple confounders: 

– Differences in preventive strategies and diagnostic tools of CMV

– Differences in immunosuppression and rejection rates over time

– Concept of bidirectional relationship

• The stronger clinical evidence of the immunomodulatory effects of CMV is 

the reduction of other infections and acute rejection with the introduction 

of universal antiviral prophylaxis (3-6 months)
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