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Summary

Cytomegalovirus (CMV) is a risk factor for rejection and mortality soon 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 long after transplantation.

Our study included 606 renal transplant recipients (RTR) with a functioning graft for >1 year. CMV
serology was determined using ELISA. RTRs were divided into CMV-seronegative and latent CMV
(seropositive + seroconverted).

We measured CMV IgG at 6.0 [2.6-11.4] years post-transplant. During follow-up (7.0 [6.2-7.5]
years), 54 (9%) RTRs experienced graft failure and 137 (23%) RTRs died. Risk for graft failure and
mortality was significantly higher in RTRs with latent CMV compared to CMV-seronegative RTRs
(HR=3.1, P=0.005 and HR=2.0, P=0.002, respectively). After adjustment for potential confounders,
latent CMV infection remained an independent risk factor for graft failure (HR=4.6, P=0.001), but
not for mortality (HR=1.4, P=0.2).

Latent CMV is an independent risk factor for graft failure long after renal transplantation and car-
ries a higher risk for graft failure than for mortality. These findings confirm the notion that latent
CMYV can be harmful in transplanted kidneys.
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BACKGROUND

Cytomegalovirus (CMV) has been established as the single
most important pathogen after transplantation [1-3]. Several
studies have shown that CMV reactivation from latency and
primary infection shortly after transplantation are risk fac-
tors for both immunological rejection and mortality in the
first year after transplantation [4-12]. The reactivation from
latency that commonly occurs shortly 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 anti-
lymphocyte antibody therapy and by systemic infection and
inflammation [13]. In both primary infection and reactiva-
tion, CMV as a medical problem slowly diminishes with time
after transplantation in conjunction with return to latency. In
most cases CMV latency is achieved within 1 year after trans-
plantation; however, the virus may continuously smoulder
in the vascular wall, in particular in inflamed tissues under
conditions of chronic immunosuppression [14,15]. Latent
CMV can be locally active in a transplanted organ with on-
going low-grade alloreactivity, without systemic signs of ac-
tivity in the chronic phase after transplantation [16]. As a
consequence, investigation of CMV reactivation and prima-
ry infection shortly after transplantation as a risk factor for
graft loss or mortality may have negated the possibility that
the situation in which CMV remains in latency in the early
phase after transplantation can be accompanied by ongo-
ing CMV-related inflammation locally in tissues longer af-
ter transplantation, especially in the transplanted kidney.

To investigate the late impact of latent CMV infection versus
a persistent CMV-egative state on late outcome, we prospec-
tively investigated the relation of CMV serology determined
more than 1 year after transplantation with graft failure and
mortality long after renal transplantation.

MATERIAL AND METHODS

Research design and subject

In this prospective cohort study, all renal transplant recipients
(RTRs) 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 to-
tal of 606 RTRs signed written informed consent, from a total
of 847 eligibles (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 pro-
teinuria. Of patients included, none had received a transplan-
tation before 1960, 24 received their transplantation in the
1970s, 105 in the 1980s, 354 in the 1990s, and 123 between
January 2000 and May 2002. Further details of this study have
been published previously (17,18). The Institutional Review
Board approved the study protocol (METc 01/039) which
conformed to the Declaration of Helsinki [19].

Outcome events

All participating subjects visited the out-patient clinic at
least once a year. Information on mortality and graft loss was

recorded by our renal transplant center and through close
contact with general practitioners and referring nephrol-
ogists. Graft failure was defined as return to dialysis or re-
transplantation and was censored for death. Mortality and
graft failure of all RTRs 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
contains information on all renal transplantations per-
formed at our center since 1968, including the dialysis his-
tory of the individual RTRs. Standard immunosuppression
consisted of the following: from 1968 until 1989, pred-
nisolone and Azathioprine (100 mg/day); from January
1989 to February 1993, cyclosporin standard formulation
(1288) (Sandimmune, Novartis Pharma b.v., Arnhem, The
Netherlands; 10 mg/kg; trough levels of 175-200 mg/1 in
first 3 months, 150 mg/1 between 3 and 12 months post-trans-
plant, and 100 mg/1 thereafter) combined with prednisolone
(starting with 20 mg/day, rapidly tapered to 10 mg/day); and
from March 1993 to May 1997, cyclosporin microemulsion
(Neoral; Novartis Pharma b.v., Arnhem, The Netherlands;
10 mg/kg; trough levels idem) and prednisolone. From May
1997 to date, mycophenolate mofetil (Cellcept; Roche b.v.,
Woerden, The Netherlands; 2 g/day) was added. Current
medication was extracted from the medical record.

BMI, waist circumference, body surface area (BSA), and
blood pressure were measured as described previously [17].
Smoking status and cardiovascular history were recorded
with a self-report questionnaire. Cardiovascular disease his-
tory was considered positive if there was a previous myocar-
dial infarction (MI), transient ischemic attack (TIA) or cere-
brovascular accident (CVA).

In our center we do not apply routine CMV prophylaxis.
Prophylaxis for CMV is only applied in case of combined
transplantation or use of anti-thymocyte globulin [20].
Instead, we perform frequent monitoring for CMV in blood,
formerly — before and during the days that we performed
the baseline measurements for the current study — by mea-
suring CMV pp65 antigenemia, and presently by PCR. In
our center, pp6b antigenemia was introduced for monitor-
ing in 1986. CMV is monitored once a week in every trans-
plant recipient during hospitalization and at every visit to
the outpatient clinic until 3 months after transplantation,
except when the donor and recipient are both seronegative
for CMV. Beyond 3 months after transplantation, monitor-
ing is continued for follow-up of previous demonstration
of positive viremia or by medical indication. Guided by this
monitoring, we start pre-emptive treatment, formerly by IV
ganciclovir and presently by oral valganciclovir preferential-
ly. In our hospital, IV ganciclovir became available for pre-
emptive treatment in 1989. Data regarding whether RTRs
received treatment with IV ganciclovir was retrieved from
their individual charts. Oral valganciclovir was not yet avail-
able in our hospital at the time baseline measurements for
this study were performed.

CMV disease was defined by detection of CMV in a clinical
specimen, accompanied either by CMV syndrome with fever,
muscle pain, leucopenia, and/or thrombocytopenia without
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other known causes, or by organ involvement such as hep-
atitis, gastrointestinal ulceration, pneumonitis, or retinitis.
Leukopenia was defined as leukocyte count below 4x10° /L
and thrombocytopenia when the cell count was less than
100x10° /L in peripheral blood. Hepatitis was defined as a
rise in liver enzymes of at least twice the initial values with-
out other known cause. Gastrointestinal CMV ulceration
was confirmed by endoscopy and biopsy. Presence of CMV
in tissue biopsies was detected by immunohistochemistry
or growth of virus in cell cultures.

Laboratory measurements

Blood was drawn after an 8-12 h overnight fasting peri-
od. Anti-CMV IgG antibody levels were assessed by routine
ELISA as described previously [21]. A detectable anti-CMV
IgG titer indicated seropositivity. CMV in blood was mon-
itored by measuring CMV pp65 antigenemia as described
previously [18]. 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 [17]. 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 (in-
terquartile range). A 2-tailed P-value of less than P<0.05 in-
dicated statistical significance.

Recipient characteristics are shown according to CMV se-
rostatus >1 year after transplantation: CMV-seronegative
(CMV IgG <1 U/mL at transplantation and beyond 1
year after transplantation), CMV-seroconverted (CMV IgG
<1 U/mL at time of transplantation and CMV IgG >1 U/mL
beyond 1 year after transplantation), and CMV-seropositive
(CMV IgG >1 U/mL at time of transplantation and beyond
1 year after transplantation). Latent CMV infection was de-
fined as CMV IgG >1 U/mL beyond 1 year after transplanta-
tion (= CMV seroconverted + CMV seropositive). Serologic
analysis was done at inclusion and pre-transplant sera were
not retested. To investigate which recipient and trans-
plant-related variables were associated with CMV serosta-
tus, we analyzed these factors by CMV serostatus beyond 1
year after transplantation. P for trend was calculated with
chi-square, Kruskal-Wallis test and linear regression for di-
chotomous, ordinal and continuous variables, respectively.
Skewed data were normalized by logarithmic transforma-
tion in all analyses.

In time-to-event analyses, we first investigated CMV serostatus
(seronegative, seroconverted, and seropositive) as potential
predictors of graft failure and mortality using Kaplan-Meier
analyses. Statistical significance was tested by log-rank test.
Finally, univariate and multivariate Cox-proportional haz-
ard 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 time between trans-
plantation and inclusion date, creatinine clearance, and im-
munosuppressive era (Model 3). We subsequently adjusted
for all other characteristics significantly associated with CMV
serostatus >1 year after transplantation (Tables 1, 2, P<0.05,
Model 4). As secondary analysis, the procedure was repeat-
ed with additional inclusion of variables with a Pvalue >0.05
and <0.1 (Model 5). Also as a secondary analysis, we investi-
gated whether log-transformed quantitative anti-CMV anti-
body titers were associated with occurrence of graft failure.

RESULTS

A total of 606 RTRs (55% male, aged 51+12 years, 83% post-
mortem donor transplants) were analyzed. Median time be-
tween transplantation and baseline measurements was 6.0
(2.6-11.4) years. Baseline median anti-CMV IgG was 72.0
(0.0-154.5) U/mL. Baseline characteristics according to
CMYV serostatus >1 year after transplantation are shown in
Tables 1, 2; 174 (29%) RTRs were CMV-seronegative, 152
(25%) RTRs were CMV-seroconverted and 280 (46%) RTRs
were CMV-=seropositive. In the CMV-seronegative recipients
group, 153 (88%) of the donors were CMV-negative, while
21 (12%) of the donors were CMV-seropositive. In the CMV-
seroconverted recipients group, 6 (4%) of the donors were
CMV-seronegative, while 146 (96%) were CMV=eropositive.
In the CMV=seropositive recipients group, 124 (44%) of the
donors were CMV=seronegative, while 154 (55%) were CMV-
seropositive. We have no data regarding the CMV serosta-
tus from 2 donors in this group. Recipient CMV serostatus
was significantly associated with recipient age, BMI, waist
circumference, systolic and diastolic blood pressure, myo-
cardial infarction, triglyceride concentration, donor age,
creatinine clearance, immunosuppressive era, dose of pred-
nisolone, and use of calcineurin inhibitors. CMV disease was
significantly associated with CMV serostatus (P<0.0001). In
total, 132 RTRs experienced CMV disease — 66 (43%) of the
152 CMV-seroconverted RTRs and 66 (24%) of the CMV-
seropositive RTRs. In our clinic, the cut-off level for starting
pre-emptive treatment was when antigenemia tested posi-
tive for at least 20 cells/50 000 polymorphonuclear neu-
trophils, when consecutive increasing antigenemia values
were detected or when symptoms suggestive of CMV infec-
tion were accompanied by any antigenemia positivity. Our
relatively high cut-off with requirement for symptoms sug-
gestive of CMV infection for start of pre-emptive treatment
for lower levels of antigenemia may explain the relatively
high rate of symptomatic infections.

Median follow-up was 7.0 (6.2-7.5) years both for graft fail-
ure and mortality. During follow-up, 54 (9%) RTRs experi-
enced graft failure and 137 (23%) RTRs died. In the CMV-
seronegative group, 7 (4%) RTRs experienced graft failure
and 25 (14%) died, while these numbers were 17 (11%)
and 35 (23%) for the CMV-seroconverted RTRs and 30
(9%) and 77 (28%) for the CMV=seropositive RTRs (both
log-rank test: P<0.02, Figure 1A, B).

Further analyses were performed for latent CMV infec-
tion (= CMV-seroconverted + CMV-seropositive) versus
CMV-seronegative RTRs. RTRs with latent CMV infection
were at significantly higher risk for graft failure (hazard
ratio [HR] =3.1, 95% confidence interval [CI] 1.4-6.9,
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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

Negative Seroconverted Seropositive P
n (%) 174 (29) 152 (25) 280 (46)
Recipient demographics
Age (years) 47.9+13.1 525+11.4 53.1£11.5 <0.0001
Male, n (%) 103 (59) 85 (56) 144 (51) 03
Body composition measurements
BMI (kg/m?) 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¥, n (%) 10 (6) 20 (13) 18 (6) 0.02
TIA/CVA**, n (%) 6 (3) 12 () 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 [0.9-13] 1.0 [0.8-13] 1.1 [0.9-13] 0.2
Triglycerides (mmol/L) 1.8 [1.3-24] 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
My
MV 1gG (U/mL) 0 [0-0] 10 [62-191] 10 [62-198] <0.0001
CMV disease, n (%) 0 (0) 66 (43) 66 (24) <0.0001
CMV curative treatment, n (%) 0 (0) 49 (32) 61 (24) <0.0001

Values are presented as mean +standard deviation, median (interquartile range) or percentages. P for trend was calculated with chi-square,
Kruskal-Wallis test and linear regression for dichotomous, ordinal and continuous variables, respectively. Skewed data were normalized by
logarithmic transformation in all analyses. * Ml — myocardial infarction; ** TIA/CVA — transient ischaemic attack/cerebrovascular accident.

P=0.005) and death (HR=2.0, 95% CI 1.3-3.1, P=0.002) than
CMV-seronegative RTRs (Model 1, Table 3). Adjustment for
recipient age and recipient sex did not materially change
these associations (Model 2, Table 3). After further adjust-
ment for time between transplantation and inclusion date,
creatinine clearance and immunosuppressive era (Model 3,
Table 3), CMV latency remained significantly associated
with graft failure (HR=3.2, 95% CI 1.4-7.2, P=0.006), while
the association of CMV latency with death lost significance
(HR=1.5, 95% CI 1.0-2.3, P=0.07). Additional adjustment
for variables which were significantly associated with CMV
serostatus (see Tables 1, 2, all variables with a P<0.05) did
not materially change the outcomes (Model 4, Table 3).
Subsequent adjustment for variables that were borderline
significant associated with CMV serostatus (0.05<P<0.10,
Tables 1, 2) did not materially change the outcomes (Model
5, Table 3). After multivariate analyses, the risk for graft

failure (HR=4.6, 95% CI 1.8-11.9, P=0.001) in CMV IgG-
positive RTRs was 3.3 times higher than the risk for death
(HR=1.4, 95% CI 0.9-2.2, P=0.2, Model 5, Table 3). Final
adjustment for CMV disease did not materially change the
outcomes (data not shown).

As a secondary analysis, we investigated whether quantita-
tive anti-CMV antibody titers were associated with graft out-
come in RTRs with latent CMV infection. This appeared not
to be the case (HR 1.3 [95% CI 0.6-2.3], P=0.4).

DiscussIioN

To the best of our knowledge, our study is the first to pro-
spectively investigate the impact of CMV serology determined
>1 year after transplantation on graft and RTR survival long
after renal transplantation. The main finding is that graft
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Table 2. Transplant-related characteristics of renal transplant recipients according to CMV serostatus >1 year after transplantation.

CMV serostatus >1 year after transplantation

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 (imol/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)
1ormore 11 (6) 18 (12) 35 (12) o
Acute rejection, n (%) 77 (44) 77 (51) 118 (42) 0.2
Immunosuppressive era, n (%)
from 1968 to January 1989 30 (17) 65 (43) 17 (6)
from January 1989 to February 1993 19 (11) 17 (1) 54 (20) 00001
from March 1993 to May 1997 42 (24) 32 (21) 83 (29)
from May 1997 to date 83 (48) 38 (25) 126 (45)
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
(alcineurine inhibitor, n (%) 140 (81) 94 (62) 241 (86) P=0.04
Cyclosporin, n (%) 112 (65) 81 (53) 197 (70) 0.5
Trough-level (ug/L) 114 [82-140] 101 [75-128] 108 [80-143] 0.2
Tacrolimus, n (%) 28 (16) 13 (9 44 (16) 0.5
Trough-level (ug/L) 8 [6-11] 10 [7-11] 9 [6-10] 0.7
Proliferation inhibitor, n (%)
Azathioprine or Mycophenolate mofetil 133 (76) 107 (70) 208 (74) 0.5

Values are presented as mean +standard deviation, median (interquartile range) or percentages. P for trend was calculated with x-square, Kruskal
Wallis test and linear regression for dichotomous, ordinal and continuous variables, respectively. Skewed data were normalized by logarithmic

transformation in all analyses.

survival is significantly better in CMV-seronegative RTRs
than in those with latent CMV infection. We furthermore

found that RTRs with latent CMV infection are at 3.3 times
higher risk for graft failure than for death.
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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% (I P HR 95% Cl P
Model 1 3. 1.4-6.9 0.005 2.0 1.3-3. 0.002
Model 2 3.6 1.6-8.1 0.002 1.7 1.1-2.6 0.02
Model 3 3.2 14-7.2 0.006 1.5 1.0-23 0.07
Model 4 43 1.7-10.6 0.002 14 0.9-22 0.2
Model 5 4.6 1.8-11.9 0.001 14 0.9-22 0.2

(I - confidence interval; Model 1 — crude model; Model 2 — model T + recipient age and sex; Model 3 — model 2 + time between transplantation
and inclusion date, creatinine clearance and immunosuppressive era; Model 4 — model 3 + BMI, systolic blood pressure, myocardial infarction,
concentration triglycerides, donor age, prednisolone dose, calcineurine inhibitor and CMV curative treatment; Model 5 — model 4 + use of statin,
prior dialysis duration, transplantation type, and number of previous transplants.

CMV has been established as a major pathogen after renal
transplantation, and as such is an important cause of mor-
bidity and mortality after renal transplantation. CMV in-
fection is highly prevalent in RTRs (up to approximately
80% in Western countries), whereas 25-33% of the infect-
ed RTRs develop a clinically overt disease after renal trans-
plantation [22]. The CMV seroprevalence in this study is rel-
atively low. There are several studies showing that the CMV
seroprevalence in healthy Dutch women is approximately
35% [23,24]. It has also been shown that the CMV seroprev-
alence in the Netherlands is lower than in the United States
and other western European countries, ranging from 40%
to 83% [25]. Furthermore, there is a great variation in CMV
seroprevalence according to socioeconomic status and eth-
nic composition [25]. These observations could be a good
explanation for the low CMV seroprevalence in our study.

Numerous studies have shown that CMV infection and dis-
ease occurring in the first months after transplantation are
risk factors for immunological rejection and mortality, both
soon and long after transplantation [5-10]. However, use
of CMV disease and infection soon after transplantation as
predictors of late graft failure and mortality may lead to un-
derestimation of risk held by CMV if it is the CMV-positive

state itself rather than the severity of CMV disease or infec-
tion in the first phase after transplantation that is the risk
factor. Inclusion in the control group of CMV-positive re-
cipients that do not exhibit early CMV disease or infection
will dilute the group of CMV-seronegative controls with sub-
jects that are at increased risk. Results of our study are con-
sistent with this notion because the CMV-seroconverted and
the CMV-seropositive groups had similar increases in risk
for late graft failure and mortality compared to recipients
that remained CMV-seronegative.

In univariate analysis we found several risk factors for all-
cause mortality (higher BMI, higher waist circumference,
higher blood pressure, lower kidney function, more re-
transplantations) to be associated with CMV serostatus. In
view of the fact that each of these risk factors might be an
explanation for the association of CMV serostatus with in-
creased mortality, and the fact that CMV serostatus lost sig-
nificance as a predictor of mortality in multivariate analy-
ses adjusted for these factors, suggests that CMV serostatus
is not a risk factor for mortality long after transplantation.
However, although latent CMV infection lost significance
as a risk factor for mortality after adjustment for other
variables, it cannot be excluded that CMV actually acts on
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mortality, in part through these variables. The number of
variables included in the multivariate Cox regression mod-
els may seem large compared to the existing rule of thumb
that per 8-10 events 1 covariate can be added to a multi-
variate model [26]. This restriction, however, applies to
the situation in which one wants to judge whether a covari-
ate does not significantly add to a multivariate model, be-
cause multiple adjustment tends to “dilute” truly existing
associations, thereby favoring falsely negative conclusions.
When, however, adjustment for covariates does not materi-
ally change hazard ratios and confidence intervals, it is ac-
ceptable to adjust for more confounders than one would
calculate on the basis of this rule of thumb, because the as-
sociation is apparently so “robust” that it is not sensitive to
the “dilution” effect that is introduced by adjustment for
many covariates. The fact that the association of latent CMV
with graft failure remained significant in multivariate anal-
yses with multiple potential confounders and covariates in-
cluded strengthens the conclusion that it is truly an inde-
pendent risk factor. Obesity, which is an important cause of
mortality and renal dysfunction [27-29], was not an impor-
tant confounder in our study. CMV causing accelerated de-
cline of renal function and/or accelerated atherosclerosis
in RTRs may be potential mechanisms underlying an asso-
ciation of latent CMV infection with mortality. A potential
role for CMV-related decline of renal function is supported
by loss of significance of the association of CMV with mor-
tality after adjustment for creatinine clearance. Active, but
also latent CMV infection, may be associated not only with
overexpression of major histocompatibility complex mole-
cules 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 [2,14,30]. The finding that CMV
DNA is present in atherosclerotic plaques supports a role
for CMV in atherogenesis [31-33], although some studies
have failed to detect CMV in atherosclerotic tissue [34,35].
In a study performed shortly after transplantation, CMV has
been suggested to play a role in the pathogenesis of post-
transplant diabetes mellitus [36], which may also exert a
pro-atherogenic effect.

The fact that we found that RTRs with latent CMV infection
are at 3.3-fold higher 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 [16]. Latent CMV may be partic-
ularly active in organs and tissues with ongoing inflamma-
tion not directly related to CMV [15]. In transplantation,
the allo-surrounding may provide the background inflam-
mation which allows CMV expression to become harmful.
After cardiac transplantation, it has been shown that CMV
is associated with development of accelerated coronary ar-
tery sclerosis [37]. A similar process has been observed in
transplanted kidneys in association with CMV infection
[38,39]. In studies in rats, the interaction between CMV
and the alloreactive response in the development of chron-
ic rejection and transplant vascular sclerosis was investigat-
ed in small bowel and heart transplantation models [16]. 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.
We evaluated RTRs with respect to CMV serostatus. The
fact that we found similar risks long after transplantation

for seropositivity before transplantation and seroconver-
sion after transplantation suggests that what is important
is not whether subjects developed CMV disease after trans-
plantation, but rather the CMV serostatus itself. Studies us-
ing repetitive CMV PCR analyses may provide additional in-
formation on this topic. In our study, adjustment for CMV
treatment did not materially change the results of analyses.
This also suggests that it is the CMV serostatus itself which is
important, but CMV treatment was guided by symptoms of
CMV disease and presence of detectable CMV in the circu-
lation rather than prevention of deleterious effects on graft
function later on. If biomarkers become available for iden-
tification and monitoring of chronic and deleterious CMV
infection, this might pave the way for a trial with intensive
and prolonged anti-CMV therapy. Such biomarkers might
also be useful as intermediate end-points in trials with lon-
ger and/or more intensive prophylaxis. Intensive prophy-
laxis prevents acute rejection and cardiac allograft vascu-
lar disease after heart transplantation [40,41]. Interestingly,
renal dysfunction is also an important problem after heart
transplantation [42,43], and gancyclovir has been shown to
inhibit ICAM-1 expression and proliferation in human cor-
onary endothelial cells [44].

In our study CMV serostatus >1 year after transplantation
was not associated with acute rejection. Most studies inves-
tigating the impact of CMV on acute rejection have found
an association of CMV infection or disease with acute re-
jection soon after transplantation [5,8,9,45]. The absence
of an association in our study may be explained by the fact
that our study was designed to investigate the impact of
CMYV determined >1 year after transplantation on long-
term graft and RTR survival. As a consequence of the fact
that we only included RTRs with a kidney functioning for
>1 year, RTRs 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 num-
ber of RTRs who had an acute rejection is probably under-
estimated compared to studies in which RTRs were includ-
ed from the moment of transplantation. Inclusion of every
patient at a certain time point (e.g., 1 year after transplan-
tation) would have been interesting, but it is artificial com-
pared to what is actually happening at an outpatient clinic
with renal transplant recipients. As we wanted to investigate
late outcome rather than acute graft failure and early mor-
tality, which often are defined as graft failure or mortality
in the first year after transplantation, we excluded these re-
cipients from this study. As it was our aim to investigate the
potential impact of CMV serostatus on late outcome in a
patient sample representative of the patients that are seen
at an outpatient clinic, we included patients at more than 1
year after transplantation. If one would like to investigate it
from the perspective of a certain time point (e.g., 1 year af-
ter transplantation) this might introduce “healthy survivor
bias”, but from the perspective of a representative sample of
the patients that are seen at an outpatient clinic it does not.

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 populations may be limited.
Furthermore, this study was a single-center study and the
findings need to be confirmed in other centers and/or mul-
ticenter studies. Third, our study includes RTRs that were
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transplanted in multiple immunosuppressive eras. Although,
immunosuppressive therapy was associated with CMV serosta-
tus at baseline, adjustment for immunosuppressive era in
the multivariate analyses did not materially change the as-
sociation of CMV serostatus with outcomes. It may also be
seen as a limitation that the fraction of CMV-seronegative
RTRs of 54% at the time of transplantation in our popula-
tion is higher than in other studies, in which, for instance,
fractions of 49%, 45% and 52% have been reported [6,46].
It should, however, be noted that these studies included pa-
tients at the moment of transplantation, while we included
patients at a median time of 6.0 years after transplantation.
Because of this time point long after transplantation, our
study differs from other studies in that it is not optimal for
analyzing the association of CMV infection with graft loss
or mortality, but rather for studying the potential associa-
tion of latent CMV with graft loss or mortality. It has further-
more been reported in a large study on CMV seroconver-
sion in CMV-seronegative organ transplant recipients that
2.6% of CMV-seronegative recipients transplanted with or-
gans of CMV-seropositive donors have no seroconversion,
despite documented CMV viremia [47]. The report noted
that this may either be the consequence of absence of sero-
conversion or absence of serology data subsequent to CMV
viremia. If some of these cases were the consequence of true
absence of seroconversion, these subjects would be misclas-
sified in our study and could potentially mitigate our find-
ings, because they may then not be free of latent CMV. An
important strength of this study is that follow-up was com-
plete for all patients.

CONCLUSIONS

In conclusion, graft and recipient survival is significantly
better in RTRs who are CMV-seronegative when compared
to RTRs with latent CMV infection. Our results are consis-
tent with the notion that what is important is not severity of
infection soon after transplantation, but rather the CMV-
positive state itself. Furthermore, RTRs with latent CMV
infection are at 3.3-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 chron-
ic ongoing low-grade alloreactivity, or in kidneys in gener-
al. Future studies are needed to elucidate the mechanism
underlying the link of CMV with graft failure and mortali-
ty long after renal transplantation.
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