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Introduction

Summary

The long-term effects of cytomegalovirus (CMV) infections on kidney allografts
are unknown. We examined the impact of persistent intragraft CMV infection
on long-term kidney allograft function and survival. CMV was diagnosed in
82/172 renal transplant recipients by antigenemia test and viral cultures. Biop-
sies from 48 of 82 patients taken after CMV infection and from 15 patients
with no previous CMV infection detected were available for the immunohisto-
chemical demonstration of CMV antigens and DNA hybridization in situ. Five-
year follow-up data from these 63 patients were analysed. In 17 patients, CMV
antigens and/or DNA persisted in the biopsy >2 months after the last positive
finding in blood or urine. Patients with persistent intragraft CMV had reduced
graft survival (P = 0.041) and Cox regression analysis showed persistent CMV
as a risk factor for reduced graft survival (RR: 3.5). Recipients with persistent
intragraft CMV had reduced creatinine clearance 1 and 2 years after transplan-
tation (P = 0.007) and in multivariate logistic regression analyses including
several potential pre- and posttransplant risk factors, persistent CMV was an
independent risk factor for lower clearance at 1 and 2 years (OR: 4.4 and 4.9).
Our novel findings show that persistent intragraft CMV infection was associ-
ated with reduced kidney allograft function and survival.

correlation between CMV and acute rejection or CMV
and chronic renal transplant dysfunction [7].

Cytomegalovirus (CMV) is a major cause of morbidity in
organ transplant recipients. The impact of CMV on long-
term kidney allograft function and survival is, however,
still a matter of debate. Evidence supports a role for
CMV in the development of acute rejection [1,2], which
is thought to be the most important risk factor for chro-
nic allograft nephropathy [3,4]. Some studies suggest an
association between CMV and chronic allograft nephro-
pathy, especially together with acute rejection episodes
[5,6]. Conversely, other studies have failed to show any
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Persistence of CMV-DNA in the transplant has been
associated with chronic rejection in liver transplantation
[8,9]. In human kidney allografts, CMV is able to persist
for a long period after viremia and active infection, and
this persistence has been associated with chronic changes
in the graft [10]. We have demonstrated that persistent
CMV in the kidney allograft is associated with increased
expression of molecules thought to be important in the
development of chronic allograft nephropathy [11]. Little
is yet known, however, about the nature and the clinical
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relevance of this persistence observed in kidney trans-
plants.

Our aim was to investigate the impact of persistent
intragraft CMV, together with several pre- and post-trans-
plant factors, on kidney allograft function and survival
during a 5-year time-period after transplantation.

Patients and methods

Patients

The adult patients included in this study received a kid-
ney transplant between 1992 and 2000 and remained at
follow-up at the Helsinki University Hospital district. All
had a clinical suspicion of CMV, and had samples taken
for detection of CMV infection (n = 172). Results from
the same patient population have been published previ-
ously [5,11]. Samples for the detection of CMV were
obtained only when infection was suspected. No anti-viral
prophylaxis for CMV or other herpesviruses was routinely
given postoperatively. Clinically significant symptomatic
CMV infections were treated with iv. ganciclovir. Pri-
mary immunosuppression therapy at the time of trans-
plantation  consisted mainly of cyclosporin A,
azathioprine and methylprednisolone. Diagnosis of acute
rejection was based on fine-needle aspiration biopsy and/
or biopsy histology [12] and on clinical criteria. Clinically
significant acute rejections were treated with high-doses
of intravenous methylprednisolone, OKT3 or plasmapher-
esis. Altogether 1451 adult renal transplantations were
performed between years 1992 and 2000, and 394 of these
patients remained at follow-up at the Helsinki University
Hospital Division of Nephrology.

Demonstration of CMV infection

The diagnosis of CMV infection was based on the stand-
ard CMV pp65 antigenemia test and rapid shell vial cul-
tures from blood and urine. Specimens for detection of
CMV antigenemia and viral cultures from blood and
urine were obtained only, when clinical signs of CMV
infection were suspected (fever, unexplained increase of
serum creatinine, leukopenia, trombocytopenia, hepatopa-
thy, gastroenteritis and pneumonia).

Demonstration of CMV in the biopsies

For the purpose of this study, CMV antigens were detec-
ted in kidney allograft biopsies with monoclonal antibody
against CMV specific protein pp65 (Biotest, Dreieich,
Germany) and indirect immunoperoxidase staining. The
biopsy material was snap-frozen, and 3—4 um thick sec-
tions were cut, acetone fixed, and stored at —20 °C until
used. Before staining, the sections were treated with chlo-
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roform to avoid unspecific reactions with endogenous
peroxidase. The presence of CMV in kidney allograft
biopsies was also demonstrated by DNA hybridization
in situ using a biotinylated probe (Enzo Biochem Inc.,
New York, NY, USA) prepared from a mixture of two
clones of CMV sequences in the BamHI site of pBR22 as
described previously [9]. All the biopsies used for the
detection of CMV were taken after CMV infection and
were either 6-month protocol biopsies or biopsies taken
for clinical indications (suspicion of rejection or deterior-
ation of graft function). As no extra biopsy or blood sam-
ples were taken for the purpose of this retrospective
study, approval of the ethics committee was not required.

Clinical variables

The following baseline data at the time of transplantation
were obtained from patient files: recipient age and gender,
donor age and gender, primary renal disease, number of
HLA-A, B and DR mismatches, cold ischemia time, and
delayed graft function (as defined by the need of postop-
erative dialysis during the first week after transplanta-
tion). Systolic and diastolic blood pressure and the
following laboratory values were obtained from the
patient files annually after transplantation: blood trough
level of cyclosporin A, glycosylated haemoglobin, and
total serum cholesterol.

Demonstration of kidney function

Function of the kidney allograft was measured as the level
of serum creatinine (pmol/l), and creatinine clearance
(ml/min/1.73 m?) was calculated with the Cockcroft—
Gault formula [13].

Statistical analyses

All data are expressed as mean * 1 standard deviation,
unless otherwise indicated. Difference in the distribution
of continuous variables was assessed using the nonpara-
metric Mann—Whitney U-test, and differences between
three groups were evaluated by the nonparametric Krus-
kal-Wallis one-way analysis. Nonparametric tests were
chosen because all distributions were not normal. Graft
survival probabilities were estimated by the Kaplan—Meier
method, and differences between two or more groups
were determined by the log rank test. Univariate Cox
regression analysis was used to calculate relative risks
(RR) and 95% confidence intervals (CI) of graft failure.
Graft survival was analysed both uncensored for death,
i.e. death with a functioning graft was considered as an
event, and censored for death, i.e. deaths with functioning
grafts were censored. For logistic regression analyses,
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creatinine clearance values were converted to binary and
used as outcome variables. The median was used as a cut
point to obtain two categories. At 1 year post-transplanta-
tion the cut-off values were <61 ml/min (n = 32) and
261 ml/min (n = 31), and at 2 years <59 ml/min (n =
31) and 259 ml/min (n = 31). Based on the recommen-
dation not to include more than one variable per 10
events in multivariate analysis [14,15], we included at
maximum three variables in logistic regression analyses at
the same time, and only one variable in Cox regression
analysis. For multivariate analyses, the three most signifi-
cant variables in univariate analysis were chosen. The cal-
culations were performed with SPSS statistical software
(version 12.0.1; SPSS Inc., Chicago, IL, USA). Two-tailed
P-values <0.05 were considered statistically significant.

Results

CMYV infections

In 172 renal transplant recipients, CMV was diagnosed in
82 patients. Frozen biopsy material from biopsies taken
after CMV infection were only available from 48/82
patients for the demonstration of CMV antigens by im-
munohistochemistry and DNA by hybridization in situ.
Frozen biopsy material was available for the demonstra-
tion of CMV also from 15 patients with no evidence of
previous CMV infection, despite several samples taken for
the detection of CMV at different time-points after trans-
plantation. These 63 patients were further analysed. In
the 48/82 CMV patients CMV was diagnosed mean
61 + 62 days (SD) after transplantation by positive pp65-
antigenemia test and viral cultures from blood and urine
(n = 44), or by a positive viral culture from urine only
(n = 4). Several CMV infection episodes developed in 19/
48 patients. All except four patients received gancyclovir
treatment. These four patients demonstrated occasional
low level CMV antigenemia (<10/50 000) only, which
subsided during follow-up period of a few days.

In 17 of the 48 patients with a history of CMV infec-
tion, CMV persisted in the kidney allograft, as CMV anti-
gens or DNA or both were demonstrated in the biopsy
2-12 months after the last positive CMV finding in blood
or urine (persistent CMV). In 14 patients both CMV
antigens and DNA were found in the biopsy, and in three
patients only CMV DNA was found in the biopsy. No
CMV DNA or antigens were demonstrated in the biopsies
of 31/48 patients with previous CMV infection (nonper-
sistent CMV) or in the biopsies from 15 patients with no
history of CMV infection. Of the biopsies analysed, 12/17
were protocol biopsies in the persistent CMV group, 22/
31 in the nonpersistent CMV group, and 9/15 in the no
CMV group. Biopsies for the demonstration of CMV
were obtained mean 267 *+ 187 days after transplantation
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in the persistent CMV group, mean 303 * 286 days after
transplantation in the nonpersistent CMV group, and
mean 243 + 216 days after transplantation in the group
with no previous CMV (P = nonsignificant, NS). No dif-
ferences were recorded in the baseline characteristics of
these three groups, ie. persistent CMV, nonpersistent
CMV, and no CMV groups (Table 1).

Acute rejections

Acute rejection developed in 11/17 patients with persist-
ent intragraft CMV mean 43 + 49 days after transplanta-
tion and in 17/31 patients with nonpersistent CMV
infection mean 32 *+ 18 days after transplantation. Of the
15 patients with no CMV, 10 suffered from acute rejec-
tion mean 51 + 65 days after transplantation (P = NS).
Most of the acute rejection episodes were mild and fully
reversible. One patient with persistent CMV, one patient
with nonpersistent CMV, and two patients with no CMV
suffered from steroid-resistant acute rejection and were
successfully treated with OKT3. In addition, one patient
with persistent CMV and two patients with nonpersistent
CMV suffered from grade II vascular rejection and were
successfully treated with plasmapheresis and OKT3.

Survival

Follow-up data 5 years after transplantation was analysed
from all the 63 patients. Of these, 12 died or returned to
dialysis during the follow-up. In the group of patients
with persistent CMV in the graft, three patients died with
a functioning graft (causes of death were cardiovascular
in two, and ischemic colitis in one patient), and two
patients returned to dialysis because of graft failure dur-
ing the 5 years follow-up. One patient died with graft
failure before dialysis was started (cause of death was
renal insufficiency). In the nonpersistent CMV group two
patients died with a functioning graft (causes of death
were cardiovascular and lymphoma) and one patient
returned to dialysis because of graft failure. In the group
with no CMV two patients died with a functioning graft
(causes of death were cardiovascular and unknown) and
one patient returned to dialysis. Graft survival (uncen-
sored for death) in patients with persistent CMV was sig-
nificantly reduced compared with patients with
nonpersistent CMV and no CMV (P = 0.049) (Fig. la).
A similar trend was seen in death-censored graft survival
(P = 0.11, NS; Fig. 1b). When the study population was
divided into two groups, comparing patients with persist-
ent CMV in the graft with patients with no evidence of
CMV in the graft (i.e. both the other groups combined),
significantly reduced graft survival (uncensored for death)
was recorded in the persistent CMV group (P = 0.020;
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Table 1. Baseline characteristics of the

No CMV Nonpersistent Persistent three study groups*.
(n=15) CMV (n = 31) CMV (n =17)

Primary renal disease [n (%)]

Diabetic nephropathy 4(27) 5(16) 6 (35)

Glomerulonephritis 0 10 (32) 2(12)

Others 11 (73) 16 (52) 9 (53)
Serological CMV status [n (%)]

R—/D- 1(7) 0 0

R—-/D+ 4 (27) 9 (29) 4 (24)

R+/D— 1(7) 3(10) 1(6)

R+/D+ 9 (60) 19 (61) 12 (71)
Donor age (years) 36 + 16 37 + 15 44 + 15
Recipient age (years) 46 + 11 49 = 11 48 + 11
Donor gender (male/female) 7/8 15/16 11/6
Recipient gender (male/female) 9/6 22/9 9/8
HLA-A, -B, and -DR-mismatch 23+1.2 22+1.0 2.8+0.8
Cold ischemia time (h) 22+8 22 +4 22+5
Delayed graft function [n (%)] 5(33) 14 (45) 8 (47)
Acute rejection episodes [n (%)] 10 (66) 17 (57) 11 (65)
Systolic blood pressure (mmHg)t 148 + 26 145 £ 19 148 £ 16
Diastolic blood pressure (mmHg)t 90+ 9 84 +9 84 + 10
Total serum cholesterol (mmol/l)t 6.0+1.2 6.0+13 6.4+ 13
GHbA1C (%)t+ 70+ 1.6 66+14 7617
B —~CyASPES (ug/)t§ 119+ 19 110 = 27 111 + 34

*All differences are nonsignificant.

tDetermined 1 year after transplantation.
$GhbA1c, glycosylated haemoglobin A1c.
§B-CyASPES, blood trough level of cyclosporin A.

Fig. 2a). Death-censored graft survival was also signifi-
cantly reduced in patients with persistent CMV compared
with the other patients analysed (P = 0.041; Fig. 2b).

Cox regression analysis

The risk of graft loss (uncensored for death) associated
with the following variables was investigated by univariate
analysis: persistent CMV in the graft (compared with
both the other groups combined), acute rejection epi-
sodes, delayed graft function, donor age, mismatch, cold
ischemia time, and recipient age (Table 2a). Persistent
intragraft CMV was the only significant risk factor for
poorer graft survival (RR: 3.5, P = 0.030). When the risk
of the same variables were studied with regard to death-
censored graft survival, HLA-ABDR mismatch was a risk
factor for reduced graft survival (RR: 5.0, P = 0.028), and
borderline increased relative risk was seen with persistent
CMV and longer cold ischemia time (RR: 5.3 for persist-
ent CMV, P = 0.068, Table 2b). As the patients with no
previous CMV do not represent true control patients due
to possible selection bias (suspicion of CMV and biopsy
material available for the demonstration of CMV), all
these analyses were also performed comparing only
patients with persistent CMV to patients with nonpersist-
ent CMV. In these analyses, persistent intragraft CMV

was similarly a risk factor for poorer graft survival
(uncensored for death; RR: 4.7, 95% CI: 1.2-18.8, P =
0.03). The risk associated with CMV with regard to
death-censored graft survival was statistically nonsignifi-
cant (RR: 7.1, P = 0.09).

Creatinine clearance

Creatinine clearance values 1 and 2 years after transplan-
tation were significantly lower in patients with persistent
CMV in the graft compared with the nonpersistent or no
CMV  groups (at 1lyear 53 £19 vs. 70 £ 19 and
63 + 16 ml/min respectively, P = 0.018 and at 2 years
50 £ 19 vs. 67 £19 and 59 % 21 ml/min, P = 0.012).
When the study population was divided into two groups,
comparing patients with persistent intragraft CMV to
patients with no evidence of persistent CMV, significantly
lower clearance was recorded in the persistent CMV
group at 1 and 2 years after transplantation (at 1 year
53 £ 19 vs. 67 £ 18 ml/min, P = 0.007 and at 2 years
50 £ 19 vs. 65 % 21 ml/min, P = 0.007). For logistic
regression analysis, the creatinine clearance values were
converted to binary values and used as outcome variables.
In univariate analysis, persistent CMV and higher donor
age showed to be the only significant risk factors for
lower clearance 1 year after transplantation (OR: 7.69 for

© 2006 The Authors
896 Journal compilation © 2006 European Society for Organ Transplantation 19 (2006) 893-900



Helantera et al.

Graft survival (%)

Inferior outcome of kidney allografts with persistent CMV infection

Graft survival (%)
(a) (a)
1.0 r . 10 H—
T A N I_|_I_ :
' '
S
0.8 ' [ 0.8 P
Il E
- -y "“:
I_ - - - . [T ——— -——
0.6 — 0.6 -
0.4 047
0.2 —— Non-persistent CMV, n=31 0.2 — Non-persistent or no CMV, n=46
..... No CMV, n=15
. -===. Persistent CMV, n=17
- = = Persistent CMV, n=17
0.0 — 0.0 -
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
r
Years years
. Death-censored graft survival (%)
Death-censored graft survival (%) (b)
(b) 10
10 , . I : —_—
1] e |
T fmmmmmmmmmmns L--.:
T 0.8 - L
0.8 T,
0.6 -
0.6
0.4
0.4
. 02 Non-persistent or no CMV, n=46
0.2 Non-persistent CMV, n=31
====. NoCMV, n=15 ===a. Persistent CMV, n=17
- = = Persistent CMV, n=17 0.0
0.0 T T T T T T
0 1 2 3 4 5 years
Years

Figure 1 (a) Graft survival (uncensored for death; P = 0.049) and (b)

death-censored graft survival (P = NS) in the three study groups (per-
sistent CMV, nonpersistent CMV, no CMV).
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Figure 2 (a) Graft survival (uncensored for death; P = 0.020) and (b)

death-censored graft survival (P = 0.041) in patients with persistent
CMV compared with patients with nonpersistent or no CMV.
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Table 2. Univariate Cox regression analysis of the risk factors for
graft loss: (a) uncensored for death and (b) death-censored.

Relative risk for

graft loss Confidence
Variable (uncensored) interval 95% P-value
(a)
Persistent CMV 3.5 1.1-10.9 0.030
Acute rejection 0.47 0.13-1.7 0.467
DGF* 1.4 0.47-4.5 0.552
Donor age (years) 1.02 0.98-1.1 0.393
ABDR-mismatcht 2.1 0.95-4.6 0.063
CIT+ 1.1 0.94-1.2 0.383
Recipient age (years) 1.001 0.95-1.1 0.972
(b)
Persistent CMV 53 0.89-31.8 0.068
Acute rejection 0.93 0.15-5.5 0.93
DGF* 2.2 0.36-13.0 0.40
Donor age (years) 0.99 0.94-11 0.85
ABDR-mismatcht 5.0 1.2-21.1 0.028
CIT+ 1.2 0.99-14 0.056
Recipient age (years) 1.02 0.94-1.1 0.62

*DGF, delayed graft function.
tABDR-mismatch, HLA-A, B, and DR mismatch.
$CIT, cold ischemia time (h).

CMV, P = 0.004, OR: 1.06 for 1 year increase in donor
age, P = 0.014, Table 3a). Similarly, in multivariate analy-
sis (persistent CMV, donor age, and cold ischemia time),
persistent intragraft CMV and higher donor age appeared
as independent risk factors for lower clearance 1 year

Table 3. Univariate logistic regression analysis of risk factors for cre-
atinine clearance (a) <61 ml/min 1 year and (b) <59 ml/min 2 years
after transplantation.

OR for lower

clearance at 1 year  95% ClI P-value
(a
Persistent CMV 5.1 1.4-18.0 0.012
Acute rejection 0.62 0.23-1.7 0.36
DGF* 1.6 0.57-4.3 0.38
Donor age (years) 1.1 1.01-1.1 0.014
ABDR-mismatch t 0.95 0.57-1.6 0.83
CIT# 0.96 0.87-1.1 0.38
Recipient age (years) 1.003 0.96-1.1 0.89
(b)
Persistent CMV 4.3 1.2-15.2 0.026
Acute rejection 1.1 0.41-3.2 0.80
DGF* 1.3 0.47-3.6 0.61
Donor age (years) 1.02 0.98-1.1 0.33
ABDR-mismatcht 1.3 0.76-2.1 0.37
CIT+ 1.1 0.95-1.2 0.29
Recipient age (years) 1.04 0.99-1.1 0.085

*DGF, delayed graft function.
TABDR-mismatch, HLA-A, B, and DR mismatch.
$CIT, cold ischemia time (h).
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after transplantation (OR: 4.4 for CMV, 95% CIL 1.2—
16.6, P =0.027, and OR: 1.04 for 1 year increase in
donor age, 95% CI: 1.00-1.09, P = 0.049). Persistent
CMV appeared as the only significant risk factor for lower
clearance at 2 years in univariate analysis (OR: 4.3, P =
0.026, Table 3b). In multivariate analysis (persistent
CMV, cold ischemia time, and recipient age), persistent
CMV showed as the only significant independent risk fac-
tor for lower clearance 2 years after transplantation (OR:
4.9, 95% CI: 1.3-18.9, P = 0.020). In the demographic
data of the study population, some degree of differences,
although not statistically significant, was recorded in
donor age and HLA-mismatches between the groups.
When tested in multivariate analyses (persistent CMV,
HLA mismatch, donor age), the risk of lower renal func-
tion associated with persistent CMV was independent of
donor age and HLA mismatches both 1 and 2 years after
transplantation (OR: 6.1, 95% CI: 1.5-24.6, P = 0.01, and
OR: 4.1, 95% CI: 1.1-15.5, P = 0.03 respectively). Simi-
larly, donor age was an independent risk factor at 1 year
after transplantation (OR: 1.05 for 1 year increase, 95%
CIL: 1.01-1.09, P = 0.02). As acute rejection is one of the
strongest risk factors for poor graft outcome, all these
variables were also tested together with acute rejection in
multivariate analyses; the risks associated with persistent
CMV at 1 and 2 years, and the risk associated with donor
age at 1 year were independent of acute rejection episodes
(data not shown).

Because of the limitations in the control group of
patients with no previous CMV, all these analyses were
also performed comparing only patients with persistent
CMV to patients with nonpersistent CMV. In these analy-
ses, persistent CMV was similarly a risk factor for reduced
graft function at 1 and 2 years (OR: 6.8, 95% CI: 1.4
34.3, P = 0.02, and OR: 5.0, 95% CI: 1.2-21.4, P = 0.03
respectively), independent of donor age, HLA-mismatches
and acute rejections. No differences were recorded in the
creatinine clearance values at 3-5 years after transplanta-
tion between the persistent CMV and the other groups
(data not shown).

Discussion

Persistent CMV in the kidney allograft predicted inferior
kidney allograft survival and function. Patients with CMV
DNA or proteins found in the allograft after viremia or
viruria had reduced renal function 1 and 2 years after
transplantation, and their graft survival was decreased.
The effect of persistent CMV on both graft survival and
function sustained even when adjusting for the effect of
several other pre- and post-transplant factors.
Considerable controversy exists as to the role of CMV
in chronic allograft nephropathy. Evidence suggests that
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CMV is associated with acute rejection episodes [2], and
graft loss [16,17], whereas a study by Dickenmann et al.
[7] found no association between CMV and acute rejec-
tion episodes or long-term graft function. We have shown
that the presence of CMV proteins or genome in the kid-
ney allograft together with a previous history of acute
rejection episodes was associated with increased vasculo-
pathic changes in 6 month protocol biopsies [5]. Similar
results of the impact of CMV on chronic rejection only
in the presence of previous acute rejection have also been
presented [6].

Some evidence shows that CMV genome is able to per-
sist in the kidney allograft several months and that this
persistence can be associated with the chronic changes in
the graft [10]. Persistent expression could be found in
various tubular, glomerular and vascular structures of the
graft during a period without a positive CMV finding in
blood or urine for several weeks or even months after a
systemic infection. We found CMV antigen expression
and especially CMV-DNA in tubular epithelial cells, in
endothelial cells as well as in interstitial inflammatory
cells in the kidney allografts.

Our findings show persistent cytomegalovirus infection
in the allograft as a new possible risk factor for poorer
early kidney allograft function and survival. Previous
studies have only analysed the association of CMV infec-
tion or disease with rejections or graft function and survi-
val, and the presence of intragraft CMV has not been
recorded. Our results suggest that it could be particularly
the persistence of CMV in the graft that is associated with
the inferior outcome after transplantation. This could be
an explanation of why this association has been difficult
to demonstrate, and why previous studies have presented
controversial long-term results about the effect of CMV
on kidney allograft.

In the baseline characteristics of the three study groups,
patients with persistent CMV had a higher number of
HLA-A, B, and DR mismatches and also somewhat higher
donor age; both factors that increase the immunogenicity
of the allograft. Increased alloimmune response early after
transplantation could trigger CMV, and the virus may
persist more easily in allografts with more immunogenic
activation. The persistence of CMV in organ allografts has
been examined only in a few studies [8-11], and no data
about the factors that might favour the persistence of
CMV are available. Moreover, animal models show that
CMV is able to increase the immunogenicity of the allo-
graft by several mechanisms [18,19]. Indirectly via inflam-
matory response to infection, but also directly, persistent
CMV could possibly induce the expression of adhesion
molecules and production of cytokines, which result in
growth factor response and contribute to the early devel-
opment of chronic changes in the graft and finally, to the
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deterioration of graft function. Our recent findings sup-
port this hypothesis [5,11].

Graft function or survival was not reduced in the non-
persistent CMV group in any of the analyses, compared
with patients with no previous CMV. Therefore, to
increase the power of the statistical analyses, we combined
these two groups with no evidence of persistent CMV for
further analyses. Of known risk factors for chronic allo-
graft nephropathy, we found HLA-mismatch as a risk fac-
tor for death-censored graft loss, but other risk factors
had no impact on graft survival. Our material, however,
comprised only patients with CMV infection or a suspi-
cion of CMV infection after transplantation and does not
represent normal kidney transplant recipient population.
For instance, 60% of the patients in this material under-
went acute rejection episodes, whereas the normal acute
rejection rate is much lower [20]. The control group in
this study was not ideal; patients in our centre are not
regularly monitored for CMV, and only patients with a
suspicion of CMV (and samples taken for detection of
CMV) could be included in the study. These patients do
not represent true control patients due to other post-
transplant complications that have raised the suspicion of
CMV. Despite the material being selective for patients
with complications after transplantation, the effect of per-
sistent intragraft CMV on graft function and survival was
clearly recorded. Due to this possible selection bias in the
group of patients with no previous CMYV, all the analyses
were also performed comparing only recipients with per-
sistent CMV to recipients with nonpersistent CMV, with
similar results. The groups differed slightly in the baseline
data with regard to donor age and the number of HLA-
mismatches; the risk of poor graft function associated
with persistent intragraft CMV was, however, independ-
ent of donor age, HLA-mismatches, or acute rejection.
Unfortunately, the small number of events did not allow
us to calculate multivariate Cox regression analyses of the
risk factors for graft loss. Despite the lack of true control
group due to the retrospective nature of this study, in
our opinion it clearly demonstrates a novel association of
persistent CMV with poor outcome after transplantation,
especially compared with recipients with previous tran-
sient CMV infection.

In conclusion, the results of this study show that cyto-
megalovirus persisting in the kidney allograft after viremia
is associated with significantly reduced graft survival and
inferior graft function 1 and 2 years after transplantation.
On the basis of these results and those of our earlier stud-
ies, we hypothesize that persistent CMV infection in the
graft might cause continuous damage to graft, contribu-
ting to the early histopathological changes that lead to
graft dysfunction and ultimately to graft failure [5,11].
Our novel findings bring new insights into the association
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of CMV and chronic allograft nephropathy. However,
prospective studies with larger materials are needed to
confirm this new observation.
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