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Cytomegalovirus: A major problem 

following transplantation

• Most common opportunistic infection after 

transplantation

• Incidence of clinically apparent CMV 

disease between 20 and 60%

• High mortality if untreated (up to 90%)

Gane et al. Lancet 1997; 350:1729-33.
Kanj et al. Clin Infect Dis 1996; 22:537-49.



The incidence of CMV infection was 21.9% 

(95% CI: 20.4%–23.4%).

J Organ Transplant Med. 2012;3(2):74-8.

•. 2012;3(2):74-8. 



Risk Factors for Post Transplant CMV

• Donor/Recipient Serology

• Immunosuppression

– Depleting antibody> anti-IL-2R

– Mycophenolic Acid 

– Steroids

• CMV prophylaxis and duration

• Viral load

• Renal Function

• Genetics

– Mannose binding ligands

– Cytokine gene polymorphisms

– ABO type A

– Female



CMV Infection
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Direct Effects of CMV Infection

CMV Viral Syndrome

• Fever, malaise, myalgias

• Leukopenia, thrombocytopenia, 

and other laboratory 

abnormalities

Tissue Invasive 

Disease

• Hepatitis

• Pneumonitis

• Colitis

• Carditis

• Nephritis 

• Pancreatitis

• Retinitis

Direct Effects



Infection in Solid-Organ Transplant 
Recipients N Engl J Med 2007;357:2601-14

Clinical features

Cellular effects: MHC, cytokine expression
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Direct and indirect effects of  CMV



➢CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



Immunosuppression

• CMV infection (mainly primary 

infection) causes transient but substantial 

immunosuppression.

• CMV effects immunosuppression in solid 

organ transplant recipients, potentiating 

superinfections with various pathogens. 

Varani and Landini Herpesviridae 2011, 2:6



Immunosuppressive mechanisms 

of CMV infection

• ↓ HLA expression

• ↓ Antigen presentation

• ↓ T-cell proliferation

• ↓ Production of IL-2, INF-γ, PD-1

• ↑ Fc receptor expression

• ↑ Complement inhibitors

• ↓ Macrophage migration



Mechanisms by which CMV can 

induce host immunopathology







Mechanisms of CMV-induced 

immunopathology

• Humoral autoimmunity

• Inflammation

• Generation of CD4+ CD28null 

T cells



Mechanisms by which CMV can 

induce host immunopathology



Mechanisms by which CMV can 

induce host immunopathology





The virus as an immunopathological 

agent: Autoimmunity

• Induction of autoantibodies

• Induction of vasculitides and scleroderma

• Induction of encephalitis associated with 

autoimmune phenomena

• Increased risk for post-transplant diabetes 

mellitus

• Active infection during autoimmune disorders

• Inflammatory bowel diseases and other 

enteropathies



Active infection during 

autoimmune disorders

• Current findings suggest that latent CMV 

can be reactivated by allogeneic stimulation 

in monocytes from seropositive donors.

• Involve T cell activation and inflammation 

may facilitate the reactivation of latent 

CMV in monocytes in vivo.

Varani and Landini Herpesviridae 2011, 2:6



Active infection during 

autoimmune disorders

• Thus, the chronic inflammation might 

provide the ideal microenvironment in 

which latent CMV can be reactivated in 

Macrophages

• This inflammation can induce DC 

maturation, which can also provoke viral 

reactivation from latency.

Varani and Landini Herpesviridae 2011, 2:6



Immune evasion strategies 

employed by CMV



❖ CMV is immunosuppressive

➢ CMV may be a risk factor for acute rejection and chronic graft injury

➢ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



Graft rejection

• CMV promotes classical rejection and 

vasculopathy of an allograft, which 

impacts its longevity. 

• Several cohort studies have shown that 

CMV infection is associated with an 

increased risk of graft rejection in renal, 

liver, and lung transplant patients.



Inflammatory properties 

associated with CMV

• Translocation of NF-kB to nucleus

• ↑ TNF-α production

• ↑ Smooth muscle cell proliferation

• ↑ Adhesion molecule expression

• ↑ IL-8 and chemokine secretion



Graft Survival in the Presence/Absence of 

CMV Disease

Giral M et al. J Am Soc Nephrol. 2001;12:1758-1763.
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Effect of CMV prophylaxis on kidney graft 

survival in  D+/R– patients

Smith R. Diabetologia. 2004;47:1473-5.



Effect of CMV prophylaxis on heart graft 

survival in D+/R– patients

Smith R. Diabetologia. 2004;47:1473-5.



CMV is Associated with an Increased 

Risk of Acute Rejection

• Increased incidence of acute rejection is 

associated with CMV infection

• Amongst 477 kidney Tx patients, both CMV 

infection and disease were independent risk 

factors for acute clinical rejection

– CMV infection RR 1.6, p = 0.02

– CMV disease RR 2.5, p = 0.01 

Pouteil-Noble C et al. Transplantation 1993; 55:851-7.

 Sagedal S et al. Am J Transplant 2002; 2:850-6.



Einollahi B, Fukushima J Med Sci. 2012;58(1):88.



AMR in kidney transplant 

recipients with CMV infection

• The titers of anti-endothelial cell antibodies 

(AECAs) against endothelial cell lining the 

vasculature were significantly higher in 

recipients with vascular rejection, supporting a 

humorally mediated pathogenesis.

• The occurrence of high levels of AECAs in 

relation to CMV infection has been also 

demonstrated in 80% of renal and heart and in 

more than 40% of liver transplant patients. 

Einollahi B, Fukushima J Med Sci. 2012;58(1):88.



CMV Infection and Chronic 

Renal Rejection

Chronic

Rejection Normal

Number 96 48

CMV 28% 13%

No CMV 72% 88%

P = 0.038
Solez K et al. Transplantation. 1998;66:1736-1740.







Ganciclovir Prophylaxis Reduces the 

Incidence of Acute Rejection

Ganciclovir 

Acyclovir or no prophylaxis

p = 0.002
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Improved Renal Allograft Survival 

with Anti-CMV Prophylaxis

Opelz G et al. Am J Transplant 2004; 4:928-36.
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❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

➢Cardiovascular events
❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



Risk Factors for Post–Renal 

Transplant Cardiac Complications

Risk Factor Group Odds Ratio P

Age >50 vs <50 2.5 0.0001

Diabetes Y vs N 1.99 0.0001

CMV Dx Y vs N 1.5 0.01

Smoking Y vs N 1.37 0.01

Cardiac Hx Y vs N 1.34 0.04

Hypertension Y vs N 1.16 NS

Humar A et al. Transplantation. 2000;70:310-313.



CMV and Cardiovascular Mortality 

after Renal Transplantation

• Independent risk factors for 

cardiovascular death after renal 

transplantation

➢Increasing age (p < 0.004)

➢Presence of diabetes (p < 0.04)

➢CMV seropositivity (p < 0.01)

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



According to available data for analysis, seven papers were 

included in our meta-analysis and showed RR of 1.46 (95% 

CI: 1.15 - 1.85) for the mentioned effect and based on the 

trim and fill method the corrected RR was as 1.26 (95% 

CI: 1.01 - 1.65). 

Conclusions: Our meta-analysis showed that exposure 

with CMV can lead to atherosclerosis events among 

kidney-transplanted patients. 



Prevention of CMV Results in Reduced 

Transplant Atherosclerosis

Years After Transplantation

TxCAD
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Mechanisms by which CMV can induce 

vascular damage and vessel narrowing



❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

➢ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



Effects of Anti-CMV Prophylaxis 

on Concomitant Infections
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The presentation time of infective endocarditis in recipients 

with CMV coinfection was more likely to be early when 

compared to CMV negative coinfection patients (P=0.03).



Does CMV infection increase the incidence of infective 

endocarditis following kidney transplantation?

• In a retrospectively study, we analyzed the medical records of 

3700 kidney recipients at two transplant centers in Iran, 

between January 2000 and June 2008 for infective 

endocarditis.

• During the study, 15 patients with IE hospitalized in our 

centers were included, 8 patients with CMV co-infection.

• The presentation time of infective endocarditis in recipients 

with CMV coinfection was more likely to be early when 

compared to CMV negative coinfection patients (P=0.03).

• The present study indicates that CMV infection may lead to 

predispose to infective endocarditis after kidney 

transplantation. 

Einollahi B, et al. Ann Transplant. 2009 Jan-Mar;14(1):32-7.





Miliary Tuberculosis and CMV Infection in a 

Kidney Recipient

• We report a 45-year-old renal 

transplant recipient with a rare 

coinfection of CMV infection and 

miliary tuberculosis, as early as 6 

months after the transplant.

Nafar et al. Nephro-Urol Mon. 1(2): 153-155.



❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

➢Immunosenescence
❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



CMV and Immunosenescence

Immunosenescence defined 

as the deleterious age-

associated changes to 

immunity

Solana et al. Immunity & Ageing 2012, 9:23



Age and CMV infection  are major driving forces 

contributing to the deterioration of innate  and 

adaptive immunity

Solana et al. Immunity & Ageing 2012, 9:23



❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

➢Malignancies: PTLD
❖ New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



• Owing to its immunosuppressive effect, CMV 

has also been suggested as a risk factor for the 

development of post-transplant 

lymphoproliferative disorders (PTLDs) in 

solid organ recipients, a pathological condition 

that is associated strictly with EBV replication

Varani and Landini Herpesviridae 2011, 2:6



PTLD Risk with Days on 

Antiviral
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❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

➢New-onset diabetes mellitus (NODAT)

❖ Guillain-Barré syndrome

❖ Thrombosis

❖ TTP-HUS after renal transplantation

❖ Increased healthcare expenses

❖ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



The incidence of NODAT varies from 14.3% to 27.1% 

in these studies. Overall adj OR was 1.94 [exp (0.66)] 

with a 95% CI of 1.26-2.98 [exp (0.23) and (1.09)].





Increased risk for post-transplant 

diabetes mellitus

• Although the most important cause 

of PTDM is the effect of 

immunosuppressive drugs on 

glycemia control, CMV infection 

has also been identified as a risk 

factor for this entity.

Smith R. Diabetologia. 2004;47:1473-5.



Increased risk for post-transplant 

diabetes mellitus

• Clinical evidence suggests that 

asymptomatic CMV infection and 

CMV disease are independent risk 

factors for early-onset diabetes 

mellitus in recipients of renal 

transplant (PTDM).

Hjelmesaeth et al. Diabetologia 2004, 47:1550-6.

Hjelmesaeth et al. Transplantation 1997, 64: 979-983.



Increased risk for post-transplant 

diabetes mellitus

• CMV donor-positive/recipient-

negative serostatus is a risk 

factor for the development of 

PTDM in pediatric renal 

transplant patients.

Burroughs  et al. Transplantation 2009, 88: 367-373.
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Increased risk for post-transplant 

diabetes mellitus

• The incidence of PTDM has 

declined significantly since the 

introduction of preemptive anti-

CMV regimens, supporting the 

link between CMV and PTDM.

Valderhaug  et al. Transplantation 2007, 84:1125-30.



Increased risk for post-transplant 

diabetes mellitus

• CMV damages β-cells by direct viral 

infection (the pancreas is a target 

organ of CMV infection), through the 

cytotoxic effects of activated effector 

lymphocyte infiltrates, or the 

induction of proinflammatory 

cytokines.
Kamalkumar  et al. Clin Exp Nephrol 2009, 13: 389-91.

Hjelmesaeth et al. Nephrol Dial Transplant 2005, 20: 2311-5.





❖ CMV is immunosuppressive

❖ CMV may be a risk factor for acute rejection and chronic graft injury

❖ Decreased graft and patient survival

❖ Cardiovascular events

❖ Opportunistic infections: Bacterial, fungal and viral superinfections

❖ Immunosenescence

❖ Malignancies: PTLD

❖ New-onset diabetes mellitus (NODAT)

➢ Guillain-Barré syndrome

➢ TTP-HUS after renal transplantation

➢ Thrombosis

➢ Increased healthcare expenses

➢ Linked to heart allograft atherosclerosis

Indirect Effects of CMV Infection



CMV induced renal disease

• Rejection associated with CMV viremia

• CMV infection associated with RAS

• CMV associated with HUS/TTP

• CMV induced transplant glomerulopathy



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 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)



Thank you 

all for your 

attention
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