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ABSTRACT 

Background 

 Cytomegalovirus (CMV) is a risk factor for rejection and mortality short after renal 

transplantation. Little is known about its consequences longer after transplantation. We 

prospectively investigated whether latent CMV infection is a risk factor for graft failure 

and mortality late after transplantation. 

Methods 

 606 renal transplant recipients (RTR) with a functioning graft for >1 year were 

included. CMV serology was determined using ELISA. RTR were divided into CMV 

seronegative and latent CMV (seropositive + seroconverted). 

Results 

 We measured CMV IgG (median [IQR] 72.0 [0.0-154.5] U/mL) at 6.1 [2.9-11.7] years 

post-transplant. During follow-up (5.3 [4.7-5.7] years), 42 (7%) RTR experienced graft 

failure and 95 (16%) RTR died. Risk for graft failure and mortality was significantly higher 

in RTR with latent CMV compared to CMV seronegative RTR (HR=3.3, P=0.01 and HR=2.2, 

P<0.005, respectively). After adjustment for potential confounders, latent CMV infection 

remained an independent risk factor for graft failure (HR=4.0, P=0.008), whereas not for 

mortality (HR=1.5, P=0.2). 

Conclusion 

 Latent CMV is an independent risk factor for graft failure late after renal 

transplantation and carries a higher risk for graft failure than for mortality. These findings 

confirm the notion that latent CMV is not innocent in transplanted kidneys, possibly in 

conjunction with chronic low-grade alloreactivity. 
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INTRODUCTION 

 Cytomegalovirus (CMV) has been established as the single most important pathogen 

after transplantation.
1-3

 Several studies have shown that, shortly after transplantation, 

CMV reactivation from latency and primary infection are risk factors for both 

immunological rejection and mortality in the first year after transplantation.
4-9

 The 

reactivation from latency that commonly occurs short after transplantation is the 

consequence of a temporary disruption of an otherwise existing balance between 

immunological surveillance and viral replication by treatment with cytotoxic drugs and 

antilymphocyte antibody therapy and by systemic infection and inflammation.
10

 Both in 

case of primary infection and reactivation, CMV as a medical problem slowly diminishes 

with time after transplantation in conjunction with return to latency. It is seldom seen that 

CMV latency has not been achieved within one year after transplantation. However, the 

virus may continuously smoulder in the vascular wall, in particular under conditions of 

chronic immunosuppression, in particular in inflamed tissues.
11,12

 It has indeed been 

shown that latent CMV can be locally active in a transplanted organ with ongoing low-

grade alloreactivity, without systemic signs of activity in the chronic phase after 

transplantation.
13

 As a consequence, investigation of CMV infection and disease short 

after transplantation as a risk factor for graft loss or mortality may have negated the 

possibility that latent CMV is accompanied by ongoing CMV-related inflammation, in the 

transplanted kidney in particular.  

 We therefore aimed to prospectively investigate the impact of CMV serology 

determined more than one year after transplantation on graft failure and mortality late 

after renal transplantation. 

 

MATERIALS AND METHODS 

Study design and patients 

 In this prospective cohort study, all renal transplant recipients (RTR) who visited our 

out-patient clinic between August 2001 and July 2003 and had a functioning graft for at 

least 1 year were eligible to participate at their next visit to the out-patient clinic. 

Recipients were asked to participate at a later visit to the out-patient clinic if they were ill 

or had an infection. A total of 606 RTR signed written informed consent, from an eligible 

847 (72% consent rate). The group that did not sign informed consent was comparable 

with the group that signed informed consent with respect to age, sex, body mass index 

(BMI), serum creatinine, creatinine clearance, and proteinuria. Further details of this study 

have been published previously.
14

 The Institutional Review Board approved the study 

protocol (METc 01/039) which was in adherence to the Declaration of Helsinki.
15
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Outcome events 

 All participating subjects visited the out-patient clinic at least once a year. Information 

on mortality and graft loss is recorded by our renal transplant center and through close 

contact with general practitioners and referring nephrologists. Graft failure was defined as 

return to dialysis or re-transplantation and was censored for death. Mortality and graft 

failure of all RTR were recorded until August 2007. There was no loss to follow-up. 

Renal transplant characteristics  

 Relevant transplant characteristics were taken from the Groningen Renal Transplant 

Database. This database holds information on all renal transplantations performed at our 

center since 1968, including the dialysis history of the individual RTR. Standard 

Immunosuppressive treatment and current medication were described previously.
14

 BMI, 

waist circumference, body surface area (BSA), and blood pressure were measured as 

described previously.
14

 Smoking status and cardiovascular history were recorded with a 

self-report questionnaire. Cardiovascular disease history was considered positive if there 

was a previous myocardial infarction (MI), transient ischemic attack (TIA) or 

cerebrovascular accident (CVA). 

Laboratory measurements 

 Blood was drawn after an 8-12h overnight fasting period. Anti-CMV IgG antibody 

levels were assessed by routine ELISA assay as described previously.
16

 Serum creatinine 

levels were determined using a modified version of the Jaffé method (MEGA AU 510, 

Merck Diagnostica, Darmstadt, Germany). Serum total cholesterol, HDL cholesterol, 

triglycerides, high-sensitivity C-reactive protein (hsCRP), and urinary protein excretion 

were assessed as described previously.
14

 Proteinuria was defined as urinary protein 

excretion ≥0.5 g/24 hr. 

Statistical analysis 

 Analyses were performed with SPSS version 14.0 (SPSS Inc., Chicago, IL) and Sigma 

Plot version 10 (Systat software Inc., Germany). Parametric variables are expressed as 

mean±SD, whereas non-parametric variables are given as median [interquartile range]. A 

two-sided P-value less than P<0.05 indicated statistical significance.   

 Recipient characteristics are shown according groups of CMV serostatus >1 year after 

transplantation: CMV seronegative (CMV IgG ≤1 U/ml at transplantation and beyond one 

year after transplantation), CMV seroconverted (CMV IgG ≤1 U/mL at time of 

transplantation and CMV IgG >1 U/ml beyond one year after transplantation) and CMV 

seropositive (CMV IgG >1 U/mL at time of transplantation and beyond one year after 

transplantation). Latent CMV infection was defined as CMV IgG > 1 U/mL beyond one year 

after transplantation (= CMV seroconverted + CMV seropositive).  
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 In time to event analyses, we first investigated CMV serostatus (seronegative, 

seroconverted, and seropositive) as potential predictor of graft failure and mortality using 

Kaplan-Meier analyses. Statistical significance was tested by Log-Rank test. Finally, 

univariate and multivariate Cox-proportional hazard regression analyses were performed 

to judge whether the potential effect of latent CMV infection on graft failure and mortality 

was independent of potential confounders. In the multivariate analyses, the associations 

of latent CMV infection with graft failure and mortality were adjusted for recipient age 

and sex (Model 2) and for creatinine clearance and time between transplantation and 

inclusion date (Model 3). We, subsequently, adjusted for all other characteristics which 

were significantly associated with CMV serostatus >1 year after transplantation (table 1 

and 2, P<0.05, Model 4). As secondary analysis, the procedure was repeated with 

additional inclusion of variables with a P-value >0.05 and ≤0.1 (Model 5). 

 

RESULTS 

 A total of 606 RTR (55% male, aged 51±12 years, 83% cadaveric transplants) were 

analyzed. Median time between transplantation and baseline measurements was 6.0 [2.6-

11.4] years. Median CMV IgG >1 year after transplantation was 72.0 [0.0-154.5] U/mL. 

Baseline characteristics according to CMV serostatus >1 year after transplantation are 

shown in tables 1 and 2; 174 (29%) RTR were CMV seronegative, 152 (25%) RTR were CMV 

seroconverted, and 280 (46%) RTR were CMV seropositive. CMV serostatus was 

significantly associated with recipient age, BMI, waist circumference, systolic and diastolic 

blood pressure, myocardial infarction, triglyceride concentration, donor age, creatinine 

clearance, dose of prednisolone, and use of calcineurine inhibitors.  

 Median follow up was 5.3 [4.5-5.7] years for graft failure and 5.3 [4.7-5.7] years for 

mortality. During follow up, 42 (7%) RTR experienced graft failure and 95 (16%) RTR died. 

In the CMV seronegative group 5 (3%) RTR experienced graft failure and 16 (9%) died, 

while these numbers were 11 (7%) and 28 (18%) for the CMV seroconverted RTR and 26 

(9%) and 51 (18%) for the CMV seropositive RTR (both Log-Rank test: P=0.02, figure 1 A 

and B).  

 Further analyses were performed for latent CMV infection (= CMV seroconverted + 

CMV seropositive) versus CMV seronegative RTR. RTR with latent CMV infection were at 

significantly higher risk for graft failure (hazard ratio (HR)=3.3, 95% confidence interval (CI) 

1.3-8.5, P=0.01) and death (HR=2.2, 95% CI 1.3-3.7, P=0.005) than CMV seronegative RTR 

(Model 1, table 3). Adjustment for recipient age and recipient sex did not materially 

change these associations (Model 2, table 3). After further adjustment for time between 

transplantation and inclusion date and creatinine clearance (Model 3, table 3), CMV 

latency remained significantly associated with graft failure (HR=2.9, 95% CI 1.1-7.6, 

P=0.03), while the association of CMV latency with death lost significance (HR=1.6, 95% CI 
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Table 1. Recipient-related characteristics of renal transplant recipients according to CMV serostatus 

> 1 year after transplantation. 
 CMV serostatus >1 year after transplantation 

P-value 
 Negative Seroconverted Seropositive 

n (%) 174 (29) 152 (25) 280 (46)  

Recipient demographics     

Age (years) 47.9 ± 13.1 52.5 ± 11.4 53.1 ± 11.5 <0.0001 

Male, n (%) 103 (59) 85 (56) 144 (51) 0.3 

Body composition measurements     

BMI (kg/m
2
) 25.2 ± 4.04 26.2 ± 4.45 26.5 ± 4.30 0.01 

Waist circumference (cm) 94.8 ± 13.5 97.8 ± 14.5 98.3 ± 13.2 0.03 

Blood pressure     

Systolic pressure (mmHg) 151 ± 21.4 149 ± 23.1 157 ± 23.0 0.001 

Diastolic pressure (mmHg) 90.1 ± 10.1 88.0 ± 10.4 90.9 ± 9.34 0.01 

Prior history of cardiovascular disease     

MI
a
, n (%) 10 (6) 20 (13) 18 (6) 0.02 

TIA/CVA
b
, n (%) 6 (3) 12 (8) 15 (5) 0.2 

Lipids     

Total cholesterol (mmol/L) 5.6 [4.9-6.2] 5.7 [4.9-6.3] 5.5 [4.9-6.2] 0.6 

LDL (mmol/L) 3.6 [3.0-4.2] 3.6 [3.0-4.2] 3.5 [2.9-4.0] 0.2 

HDL (mmol/L) 1.0 [0.9-1.3] 1.0 [0.8-1.3] 1.1 [0.9-1.3] 0.2 

Triglycerides (mmol/L) 1.8 [1.3-2.4] 1.9 [1.4-2.8] 2.0 [1.4-2.6] 0.02 

Use of statin, n (%) 79 (45) 68 (45) 153 (55) 0.06 

CRP (mg/L) 2.0 [0.7-4.4] 2.1 [0.8-4.9] 2.0 [1.0-5.5] 0.4 
a
MI, myocardial infarction. 

b
TIA/CVA, transient ischaemic attack/cerebrovascular accident. 

 

Table 2. Transplant-related characteristics of renal transplant recipients according to CMV 

serostatus > 1 year after transplantation. 
 CMV serostatus >1 year after transplantation 

P-value 
 Negative Seroconverted Seropositive 

n (%) 174 (29) 152 (25) 280 (46)  

Donor demographics     

Age (years) 35.9 ± 15.4 34.8 ± 14.9 38.7 ± 15.6 0.02 

Male, n (%) 98 (56) 82 (54) 148 (53) 0.8 

Renal allograft function      

Serum creatinine concentration (μmol/L) 136 [112-162] 129 [111-170] 134 [114-166] 0.8 

Creatinine clearance (mL/min) 66.5 ± 21.2 59.6 ± 21.3 60.5 ± 23.5 0.007 

Proteinuria (g/24hr) 0.2 [0.0-0.4] 0.2 [0.0-0.5] 0.2 [0.0-0.5] 0.7 

Prior dialysis duration (mo) 25 [12-47] 26 [15-29] 29 [16-53] 0.09 

Transplantation type, n (%)     

Postmortem donor 137 (79) 134 (88) 232 (83)  

Living donor 33 (19) 15 (10) 35 (12) 0.06 

Combined transplantation 4 (2) 3 (2) 13 (5)  

Number of previous transplants, n (%)     

0 163 (94) 134 (88) 245 (88) 0.01 

1 or more 11 (6) 18 (12) 35 (12)  

Acute rejection, n (%) 77 (44) 77 (51) 118 (42) 0.2 

Immunosuppresion      

Prednisolone dose, (mg/day) 10.0 [7.5-10.0] 10.0 [7.5-10.0] 10.0 [7.5-10.0] 0.04 

Calcineurine inhibitor, n (%) 140 (81) 94 (62) 241 (86) <0.0001 

Proliferation inhibitor, n (%)     

Azathioprine or Mycophenolate mofetil 133 (76) 107 (70) 208 (74) 0.5 
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0.9-2.7, P=0.1). Additional adjustment for variables which were significantly associated 

with CMV serostatus (see table 1 and 2, all variables with a P<0.05) did not materially 

change the outcomes (Model 4, table 3). Subsequent adjustment for variables which were 

borderline significant associated with CMV serostatus (0.05<P<0.10, table 1 and 2) did not 

materially change the outcomes (Model 5, table 3). After multivariate analyses the risk for 

graft failure (HR=4.0, 95% CI 1.4-11.1, P=0.008) in CMV IgG positive RTR was 2.7 times 

higher than the risk for death (HR=1.5, 95% CI 0.8-2.6, P=0.2, Model 5, table 3). 

 

 

 

 

 

 

 

 

 

 

Figure 1. Kaplan-Meier analysis of (A) graft and (B) RTR survival according to CMV serostatus >1 year 

after transplantation. Tested with Log-Rank test. 

 

Table 3. Univariate and multivariate Cox-proportional hazards analyses of the effect of latent CMV 

infection on graft failure and mortality in RTR. 
 Graft failure  Death  

 HR 95% CI P-value  HR 95% CI P-value 

Model 1 3.3 1.3-8.5 0.01  2.2 1.3-3.7 <0.005 

Model 2 3.9 1.5-10.0 <0.005  1.8 1.1-3.1 0.03 

Model 3 2.9 1.1-7.6 0.03  1.6 0.9-2.7 0.1 

Model 4 3.3 1.2-8.9 0.02  1.5 0.8-2.5 0.2 

Model 5 4.0 1.4-11.1 0.008  1.5 0.8-2.6 0.2 

CI: confidence interval 

Model 1: crude model. 

Model 2: model 1 + recipient age and sex. 

Model 3: model 2 + time between transplantation and inclusion date and creatinine clearance. 

Model 4: model 3 + BMI, systolic blood pressure, myocardial infarction, concentration triglycerides, 

donor age, prednisolone dose, and calcineurine inhibitor. 

Model 5: model 4 + use of statin, prior dialysis duration, transplantation type, and number of 

previous transplants. 
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DISCUSSION 

 To the best of our knowledge, our study is the first to prospectively investigate the 

impact of CMV serology determined >1 year after transplantation on graft and RTR 

survival late after renal transplantation. The main finding is that graft survival is 

significantly better in CMV seronegative RTR than in those with latent CMV infection. We 

furthermore found that RTR with latent CMV infection are at 2.7 times higher at risk for 

graft failure than for death, with the increased risk for death loosing significance after 

adjustment for potential confounders. 

 CMV has been established as a major pathogen after renal transplantation and as 

such as an important cause of morbidity and mortality after renal transplantation.
1-3

 CMV 

infection is highly prevalent in RTR (up to around 80% in the western countries), whereas 

25-33% of the infected RTR develop a clinically overt disease after renal transplantation.
17

 

Numerous studies have shown that CMV infection and disease are risk factors for 

immunological rejection and mortality in the first year after transplantation.
4-9

 However, 

all of these studies investigated the effect of CMV in the first few months after 

transplantation because CMV infection and disease usually manifest during this period.
2
 

  Although latent CMV infection lost significance as a risk factor for mortality after 

adjustment for other variables, it can not be excluded that CMV actually acts on mortality, 

in part through these variables. Potential mechanisms underlying an association of latent 

CMV infection with mortality may lie in accelerated atherosclerosis. Active, but also latent 

CMV infection, may be associated not only with overexpression of major 

histocompatibility complex molecules and altered expression of growth factors and 

cytokines, but also with upregulation of pro-inflammatory adhesion molecules, which 

might lead to accelerated atherosclerosis in association with CMV.
2,11,18

 The finding that 

CMV DNA is present in atherosclerotic plaques supports a role for CMV in 

atherogenesis,
19-21

 although some have failed to detect CMV in atherosclerotic tissue.
22,23

 

In a study performed shortly after transplantation, CMV has been suggested to play a role 

in the pathogenesis of post-transplant diabetes mellitus,
24

 which may also exert a pro-

atherogenic effect.  

 The fact that we found that RTR with latent CMV infection are at 2.7-fold higher at 

risk for graft failure than for death is consistent with the recent finding that latent CMV 

may be locally active in a transplanted organ, without systemic signs of activity or 

consequences.
13

 Latent CMV may be particularly active in organs and tissues with ongoing 

inflammation not directly related to CMV.
12

 In transplantation, the allo-surrounding may 

provide the background inflammation on which CMV comes to expression above levels of 

innocence. After cardiac transplantation, it has been shown that CMV is associated with 

development of accelerated coronary artery sclerosis.
25

 A similar process has been 

observed in transplanted kidneys in association with CMV infection.
26,27

 In studies in rats, 



CYTOMEGALOVIRUS IN RENAL TRANSPLANT RECIPIENTS 

121 

the interaction between CMV and the alloreactive response on the development of 

chronic rejection and transplant vascular sclerosis was investigated in small bowel and 

heart transplantation models.
13

 It was shown that CMV infection accelerated the time to 

graft chronic rejection and increased the severity of transplant vascular sclerosis in both 

small bowel and heart allografts. 

 In our study CMV serostatus >1 year after transplantation was not associated with 

acute rejection. Most of the studies investigating the impact of CMV on acute rejection 

found an association of CMV infection or disease with acute rejection early after 

transplantation.
4,7,8,28

 The absence of an association in our study may be explained by the 

fact that our study was designed to investigate the impact of CMV determined >1 year 

after transplantation on long-term graft and RTR survival.  As a consequence of the fact 

that we only invited RTR with a kidney functioning for >1 year, RTR who lost their kidney 

due to acute rejection in the first year(s) after transplantation were not invited to 

participate in this study. Therefore, in this study the number of RTR who had an acute 

rejection is probably underestimated compared to studies in which RTR were included 

from the moment of transplantation. 

 Currently, two strategies are considered acceptable for CMV prevention: (1) universal 

prophylaxis and (2) preemptive therapy. Prophylaxis is associated with the risk of late-

onset CMV disease and toxicity/costs,
29

 whereas preemptive therapy requires frequent 

monitoring of CMV activity using sensitive methods and patient compliance.
30

 

Furthermore, the impact of preemptive therapy on reducing the indirect effects of CMV is 

questionable.
31

 CMV resistance has been observed with both strategies.
32,33

 Randomized 

clinical trials with a direct head-to-head comparison of prophylactic versus preemptive 

therapy on long-term graft or recipient survival after renal transplantation are very sparse. 

Very recently, Kliem et al
34

 performed the first direct head-to-head comparison of the 

efficacy and effect on long-term graft outcome of ganciclovir prophylaxis or preemptive 

therapy in RTR. The results of this study indicated potential benefits of CMV prophylaxis in 

reduction of CMV infection and improvement of graft survival. Another option to prevent 

asymptomatic CMV infection or CMV disease in RTR who are CMV negative before 

transplantation is to seromatch recipients with the donors concerning their CMV 

serostatus. However, one of the greatest challenges facing the transplant community is 

the shortage of organ supply. The gap between organ demand and supply is widening and 

the waiting time is increasing.
35

 So if one decides to seromatch recipients with donors 

concerning the CMV serostatus the waiting list will be even longer than it is nowadays.  

 The present study has several limitations. First, because the study population almost 

entirely consisted of patients of Caucasian ethnicity, the applicability of our results to 

more racially diverse renal transplant population may be limited.  Furthermore, this study 

was a single centre study and the findings need to be confirmed in other centra and/or 
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multicenter studies. An important strength of this study is that follow-up was complete for 

all patients. Finally, two other members of the β-herpesvirus family, human herpesvirus-6 

(HHV-6) and HHV-7, are increasingly recognized as important pathogens in transplant 

recipients.
36

 Reactivation of HHV-6 and HHV-7 occurs in up to 66% and 46% of the RTR.
37,38

 

Several studies have further demonstrated that HHV-6 and HHV-7 reactivation occurs 

prior to that of CMV, and that HHV-6 and HHV-7 have been implicated as factors for 

subsequent CMV reactivation and disease.
38-41

 It has, however, recently been reported 

that correlation between CMV and HHV-antigens in biopsies of kidney transplant 

recipients with cytomegalovirus infection is low.
42

 Thus, it is unlikely that concurrent HHV-

6 reactivation explains our finding of latent CMV infection as a risk factor for graft failure. 

 In conclusion, graft and recipient survival is significantly better in RTR who are CMV 

seronegative when compared to RTR with latent CMV infection. Furthermore, RTR with 

latent CMV infection are at 2.7-fold higher risk for graft failure than for death. This 

suggests that latent CMV is more active in a transplanted organ, potentially in association 

with chronic ongoing low-grade alloreactivity, or in kidneys in general. Future studies are 

needed to elucidate the mechanism underlying the link of CMV with graft failure and 

mortality late after renal transplantation.  
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