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CMV is a Herpes Virus

Human Herpes Viruses (8 types)

Neurotropic, 3 (Alpha- Herpes virus)
• HSV (HHV-1 & HHV-2 causing cold sores and genital herpes)
• HZV (HHV-3, chickenpox / shingles)

Lymphotrophic, 5 (Beta and Gamma-Herpes 
viruses)

• Beta
– CMV (HHV-5)
– HHV-6
– HHV-7

• Gamma
– HHV-8 (Kaposis sarcoma)
– EBV (HHV-4, Epstein Barr Virus-related disorders)

Dieamant et al BMC Infectious Diseases 2013. 
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CMV has been found in:

Blood,  cervical & vaginal secretions, saliva, tears, urine, faeces, semen, 

breast milk, transplanted donor organs

Methods of transmission



CMV and the immunocompetent host

 The human host devotes around 10% of its T-cell immune system to the 

control of CMV replication

 CMV replication is effectively controlled in people with a competent 

immune system, and CMV and its host exist in harmony

 Primary infection is generally asymptomatic  although in some cases it 

may be associated with mononucleosis-like syndrome

1. Sylwester AW et al. J Exp Med 2005; 202: 673-685. 
2. Ghandi MK and Khanna R. Lancet Infect Dis 2004; 4: 725-738.
3. Human Cytomegalovirus. Emery VC (Ed.). International Medical Press Ltd 2007.

Competent immune system CMV



CMV and the immunocompromised host

 The absence of an effective T-cell immune response is central to the 

pathogenesis of CMV disease

 Consequently, CMV is an important cause of morbidity and mortality in 

individuals whose immune system is suppressed because of  

immunosuppressive drugs

1. Pocket Reference to Cytomegalovirus. Emery VC. Current Medicines Group, 2006.

2. Gandhi MK and Khanna R. Lancet Infect Dis 2004; 4; 725-738.

Compromised 
immune system

An increased risk of 
CMV replication



CMV Transmission in Transplantation

Seronegative donor (D-) Seropositive recipient (R+)

Risk of reactivation of latent infection

Seropositive donor (D+) Seronegative recipient (R-)

Risk of primary infection

Seropositive donor (D+) Seropositive recipient (R+)          

Risk of superinfection with donor virus or reactivation of recipient virus

Seronegative donor (D-) Seronegative recipient (R-)

Risk of primary infection from other source
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Risk factors for CMV associated disease in SOT

 Donor Recipient Status (D+/R-)

 CMV viral load

 Degree of MHC complex mismatch

 Amount of immunosuppression 



Rubin RH In: Rubin RH, Young LS, eds. Clinical Approach to Infection in the Compromised Host. 

New York, NY: Kluwer Academic/Plenum Publishers; 2002: Chapter 8.

Gastritis

Pneumonitis

Hepatitis

Pancreatitis

Cystitis

CNS disease

(rare in transplant recipients)

Myocarditis

Retinitis

(common in AIDS)

Nephritis

Colitis

CMV Infection: Direct effects



CMV Infection: Indirect effects

• Acute rejection rejection

Kalil RSN et al. Am J Transpl 2003; 3: 79-81

• Chronic allograft nephropathy

Tong et al. Transplantation. 2002;74(4):576–8

Khan et al. J Nephropathol. 2014; 3(2): 69–79

• New-onset diabetes after renal transplantation

Einollahi et al. J Nephropathol, 2014; 3(4):139-48

• Cardiovascular risk after renal transplantation

Kalil RSN et al. Am J Transpl 2003; 3: 79-81



CMV infection has deleterious impact on 

graft survival

Transplantation ■ September 2024 ■ Volume 108 ■ Number 9S.
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Prevention of CMV infection: strategies

 Prophylaxis (Antivirals)

 Pre-emptive therapy (Screening)



CMV Prevention

NATURE REVIEWS | Microbiology, June 2021



CMV Prophylaxis

NATURE REVIEWS | Microbiology, June 2021



CMV and the immune response



CMV and the immune response

Picarda and Benedict, J Immunol 2018; 200:3881-3889



CMV and the immune response

Picarda and Benedict, J Immunol 2018; 200:3881-3889
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Techniques for detection of virus-specific T cells



Techniques for detection of virus-specific T cells

Sester et al,  Am J Transplant. 2016 Jun;16(6):1697-706.
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Techniques for detection of virus-specific T cells

Sester et al,  Am J Transplant. 2016 Jun;16(6):1697-706.

T cells IFN-Ɣ 



CMV-CMI assays

 QuantiFERON-CMV®

 ELISPOT-based CMV-CMI assays 

* T-Track CMV®  

* T-SPOT®-CMV

 Viracor CMV T cell Immunity Panel (TCIP)



What is the role of cell-mediated 

immunity in the control of 

CMV infection?





Razonable. Viruses 2024, 16, 1781

Strategies for CMV disease prevention that incorporates 

CMV-specific cell-mediated immunity
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Utility of CMV-Specific Immune Monitoring

1. Prior to transplantation: to predict risk of CMV infection post-

transplantation

2. In patients with asymptomatic CMV DNAemia: to determine if 

antiviral treatment is truly indicated

3. At the end of primary prophylaxis: to determine if extended 

prophylaxis or close viral load monitoring might be of benefit

4. At the end of treatment of CMV infection: to support the need for 

secondary prophylaxis

Prakash et al., Diagnostics 2021, 11, 875



124 CMV-seropositive KT recipients 

four Spanish institutions



Cumulative incidence of CMV disease during the first year after 

transplantation according to the CMV-specific CD4 T-cell count at 

the pre-transplant assessment

M. Fernandez-Ruiz et al.Clinical Microbiology and Infection 25 (2019) 381.e1e381



2024





Strategies for the generation of CMV-
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Strategies for the generation of CMV-

specific T-cells

Garcia-Rıos et al. Frontiers in Immunology, April 2021

VSTs are safe and effective in the treatment of viral 

infections post-HSCT over the last two decades





Registered clinical trials of virus-specific T cells in 

solid organ transplantation





Conclusions

 Cell-mediated immunity is considered the most important 

factor in controlling CMV infection. 

 Patients deficient in cell-mediated immunity are at greatest 

risk for CMV disease. 

 CMV-specific CD4+ and CD8+ lymphocytes play an 

important role in immune protection after primary infection or 

reactivation of latent disease. 



Conclusions

 CMV-specific cell-mediated immunity could provide an

opportunity for implementing personalized medicine to

manage CMV infection in kidney transplantation:

- Assays to predict the risk of development of subsequent CMV disease

- Tailoring duration of antiviral prophylaxis

 Cell therapy utilizing Virus-specific T cell therapy offers an

attractive alternative approach to traditional interventions in

the treatment of CMV after kidney transplant.
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