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ORIGINAL ARTICLE

Risk factors and interventional strategies for BK polyomavirus infection
after renal transplantation
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Abstract

Objective. BK virus (BKV)-induced viraemia after renal transplantation can be associated with severe impairment of graft
function. This study evaluated possible risk factors for BKV replication and examined the outcomes following various currently
used treatment approaches. Material and methods. Fifty-seven renal transplant recipients with BKV viraemia were retrospec-
tively compared with 71 BKV-negative recipients to identify risk factors for BKV viraemia. Furthermore, outcome and graft
function in 14 patients with BKV replication, in whom mycophenolate mofetil (MMF) was discontinued with a dose reduction
of the remaining immunosuppressants, were compared with 32 patients in whom both MMF and the additional immuno-
suppressants were reduced. Results. Patients with BKV viraemia received MMF (p < 0.01) and triple immunosuppression
(p < 0.01) significantly more often, and displayed tacrolimus (p = 0.034) at higher blood concentrations (p = 0.002), a lower
lymphocyte count (p = 0.006) and a longer warm ischaemic time (p = 0.019), and were more often male (p = 0.026). Patients in
whom MMF was stopped had a higher chance of clearance of BKV viraemia (p = 0.022), which was achieved more rapidly
(p = 0.048). Graft function improved during treatment and no graft losses occurred, compared with eight graft losses in the
MMPF-treated group (p = 0.04). Conclusions. MMF and tacrolimus could promote BKV viraemia after renal transplantation.
Discontinuation of MMF together with a reduction of calcineurin inhibitors and glucocorticoids could be an option to reduce
BKYV replication after renal transplantation.
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Introduction

Acute and chronic graft failure is an important clinical
problem in recipients of renal allografts. The main
reasons for graft failure include rejections, toxic
effects and infections related to immunosuppressive
therapy. Among the infectious diseases complicating
the course after renal transplantation, BK polyoma-
virus (BKV) nephropathy has gained interest in recent
years, as it has been associated with graft dysfunction
and even graft loss [1], although it was documented

for the first time as early as 1970 [2]. The primary
infection usually occurs in childhood, which leads to a
seroprevalence of up to 90% in adults [3]. The virus
remains latent in the uroepithelial cells and replication
seems to be initiated under immunosuppressive ther-
apy. The prevalence of viral replication in the blood of
renal transplant recipients is between 7.5% and 29%
[3-6]. BKV nephropathy develops in approximately
1-10% of patients with BKV replication in the blood
[3,7-9], of whom 10-80% develop chronic graft
dysfunction due to BKV nephropathy [9].
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Risk factors associated with the development of
BKV reactivation have been partially identified
[9,10]. So far, no specific therapy is available. Most
centres follow the recommendations in the Kidney
Disease: Improving Global Outcomes (KDIGO)
guidelines and reduce the dose of immunosuppres-
sants [11].

This study assessed the risk factors associated with
BKYV replication and whether stopping mycopheno-
late mofetil (MMF) would have a different outcome
in terms of BKV replication and graft function
compared with only reducing immunosuppression
but continuing MMF.

Material and methods
Study design

This retrospective analysis, conducted at three univer-
sity hospital centres, evaluated 57 kidney allograft
recipients (14 female, 43 male) who underwent trans-
plantation between 2000 and 2006. In all patients BKV
viraemia (>500 copies/ml blood) was detected at least
once during follow-up (mean + SD 225 + 218 days)
after transplantation. The threshold of >500 copies/
ml was chosen as an inclusion criterion since it has
been shown in earlier studies that patients with low
levels of BKV replication levels (<10 000 copies/ml)
may already suffer from BKV nephropathy or are at
least at risk of developing BKV nephropathy [3,12-14].
In addition, outcomes in patients already treated at low
viraemia levels, regarding BKV replication and
nephropathy as well as graft function, have been dem-
onstrated to be safe without an increased risk of graft
failure [3,12-14]. Therefore, every case of viraemia
exceeding that threshold is presumed to be of clinical
significance, has to be monitored and eventually will
require therapeutic action.

To analyse risk factors for the development of BKV
replication, this group of patients was compared with
a control group of 71 patients (32 female, 39 male)
without BKV replication who were randomly selected
from 194 patients (age >16 years) who underwent
kidney allograft transplantation between 2000 and
2006. These patients were checked for BKV viraemia
roughly every 4 weeks during the first 3 months after
transplantation; after that time they were checked if a
rise in creatinine levels was present. They were not
matched for any parameters since they were used to
evaluate possible risk factors. Evaluated parameters
were gender of recipient, age of recipient/donor,
cadaveric versus living transplantation, underlying
disease, cytomegalovirus (CMV)-immunoglobulin
G (IgG) status of recipient/donor, time of cold/
warm ischaemia, number of biopsy-proven rejection
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episodes, and the immunosuppressive regimen at
the time of first detection of BKV replication using
serum concentrations of tacrolimus, cyclosporine A
and sirolimus or daily dose of MMF and predniso-
lone, as well as leucocyte and differential blood count.
Continuous risk factors and creatinine levels were
assessed at 219 + 66 days (mean + SD) after trans-
plantation, matched for the mean time of BKV
replication detection in the BKV-positive group. To
evaluate the graft function in the two groups MMFex
and IMMUNTred after therapeutic adaption of
immunosuppression, creatinine levels were assessed
470 days after transplantation, matched for the mean
time of follow-up in the group MMFex. (See below
for a description of the two groups.)

To investigate the impact of modifying immuno-
suppression after BKV replication had been detected,
the following endpoints were defined. Primary end-
points were sustained freedom from BKYV replication
at the end of follow-up, defined as two consecutive
measurements within 2 weeks, and the time-course
until this target was reached. As secondary endpoints,
graft function and graft survival were compared in
both groups at the end of follow-up.

Patients were included for this analysis in the case of
sustained viraemia, defined by detection of BKV rep-
lication in the blood on at least two consecutive mea-
surements. In addition, immunosuppression of the
patients had to be reduced in order to treat the viraemia.
The use of agents with possible antiviral activity to
the pharmacological regimen (e.g. leflunomide) led
to the exclusion of the patient.

According to these criteria, 46 of the initial
57 patients were included in the analysis. Five patients
had to be excluded because of single, low BKV
replication levels that vanished without changes in
immunosuppression at the next visit to the outpatient
clinic. Three patients were lost to follow-up. A further
three patients received leflunomide to treat BKV repli-
cation. These patients already initially presented with
high BKV replication levels (>1 000 000 copies/ml); a
short course of reduced immunosuppression did not
lead to a significant improvement in replication levels,
so leflunomide was added to the immunosuppressive
regimen.

The 46 included patients were split into two
groups. Group MMPFex patients had discontinuation
of MMF and reduction of the remaining immuno-
suppression after BKV replication was detected in the
blood for the first time (7 = 14, Table I). In this group
BKV replication was detected 190 + 189 days
(mean + SD) after transplantation. The second group,
IMMUNTred, consisted of 32 patients (Table II), in
whom the dosage of immunosuppressive therapy was
also reduced, but MMF was not discontinued at the
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Table I. Description of immunosuppression schemes at the time of first BK virus (BKV) replication detection, first follow-up and last control
in the group MMFex (first follow-up/last control at a mean of 18.8/280 days after first BKV replication).

First replication

First follow-up Last control

n Mean + SD n Mean + SD n Mean + SD
Cyclosporine A (ng/ml) 4 172.0 £ 54.0 4 151.0 £ 35.5 4 132.9 + 44.2
Tacrolimus (ug/l) 10 9.7 + 3.8% 10 8.2+3.0 10 6.9+1.9
MMF (mg/day) 14 914.3 + 500 - - - -
Prednisolone (mg/day) 14 13.1 £ 10.0** 13 8.6 £5.2 12 6.1 £4.2

Data are shown as number of patients (z) and mean + standard deviation.

MMF = mycophenolate mofetil.

*p = 0.008 vs mean of first follow-up of tacrolimus; **p = 0.031 vs mean of first follow-up of prednisolone.

time of first detection of BKV replication. In this
group BKV replication was detected 173 =+
157 days after transplantation. Therefore, in both
groups the mean time of BKV replication was com-
parable, but earlier than in the whole group of patients
with BKYV replication (225 days). Three patients in
whom MMF was discontinued very late in the obser-
vation period were also assigned to this group, since it
could be assumed that the impact of discontinuing
MMF on BKYV replication at that point in time was
not significant. One patient did not receive MMF at
all, since he was on triple immunosuppression con-
sisting of tacrolimus—sirolimus—prednisolone. Since
this was a post-hoc analysis of a heterogeneous patient
group from three different centres, the decision as
to which modification of immunosuppression to
perform was up to the physician in charge and did
not follow a predefined protocol.

Data collection began when BKV replication was
detected. First follow-up was defined as the patient’s
next visit to the outpatient clinic when BKYV replica-
tion in the blood was measured. Follow-up was
continued until no further BKV replication could
be detected, the patient lost the graft or the end of
the observation period was reached and viraemia was
sustained. This time-point was defined as last control.
During follow-up, blood concentrations of tacroli-
mus, cyclosporine A and sirolimus, doses of MMF

and prednisolone, and creatinine levels were evalu-
ated. In addition, all tests for BKV replication in the
blood (in copies/ml) were recorded. The mean obser-
vation period from the first BKV replication was 280 +
231 days in the group MMFex and 356 + 351 days in
the group IMMUNTred (p < 0.05). Creatinine levels,
number of graft losses, persisting BKV replication
at the end of follow-up and the time until BKV
replication was no longer detected were compared
between the two groups.

Detection of BK virus replication

Real-time polymerase chain reaction for the detection
of viral DNA was performed to quantify the level of
BKYV replication in the patients’ blood samples.

Staristics

Statistical analysis was performed with Excel (Microsoft,
Redmond, WA, USA) and SPSS (SPSS, Chicago, IL,
USA). Excel was used to generate the control group and
SPSS was used for tests of statistical significance.
Unless specified otherwise, continuous parameters
were described as mean and standard deviation (SD)
for normal distributions and as median and range
for skewed distributions. Discrete parameters were
assessed by univariate analysis with cross-tables, odds

Table II. Description of immunosuppression schemes at the time of first BK virus (BKV) replication detection, first follow-up and last control
in the group IMMUNred (first follow-up/last control at a mean of 25.9/356 days after first BKV replication).

First replication First follow-up Last control
n Mean + SD n Mean + SD n Mean + SD
Cyclosporine A (ng/ml) 5 113.0 + 54.1* 5 178.2 + 124.7 2 107.0 £ 25.5
Tacrolimus (g/1) 27 9.2 +3.1 27 8.9 + 3.7% 28 6.4 + 2.4
MMF (mg/day) 31 865.5 + 361.0** 31 762.6 + 296.8 28 623.0 + 474.9
Prednisolone (mg/day) 311 6.4 + 4.5% 27 5.1+25 19 4.3 £ 2.7

Data are shown as number of patients (7) and mean + standard deviation.
*p=10.043 vs mean of first follow-up of cyclosporine A; **p = 0.024 vs mean of first follow-up of mycophenolate mofetil (MMF); 7p = 0.002 vs
mean of first follow-up of prednisolone; #p = 0.002 vs mean of last control of tacrolimus; | |p < 0.001 vs # at first follow-up of prednisolone.



Table III. Summary of continuous risk factors.
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Case group

Control group

n (%) Mean + SD n (%) Mean + SD
MMF dose (mg/day) 54 (94.7) 858.8 + 392.1* 40 (56.3) 1505 + 348.3
Tacrolimus blood concentration (g/1) 44 (77.2) 9.0 + 3.2%* 43 (60.6) 7.1 +1.7
Lymphocyte count (cells/l) 44 (77.2) 1213.2 + 830.67 53 (74.6) 1634.7 + 896.2
Warm ischaemic time (min) 53 (93.0) 29.6 + 13.3% 71 (100) 26.6 + 9.7
Cold ischaemic time (min) 54 (94.7) 600.4 + 452.9 71 (100) 498.7 + 325.1
Prednisolone dose (mg/day) 53 (93.0) 8.1 £6.9 70 (98.6) 7.9 + 4,7
Cyclosporine A blood concentration (ng/ml) 13 (22.8) 158.4 + 95.0 28 (39.4) 131.1 + 26.1
Age donor (years) 46 (80.7) 49.0 £ 17.0 71 (100) 50.3 + 14.2
Age recipient (years) 57 (100) 47.3 £ 14.5 71 (100) 475 £ 16.2
Leucocyte count (cells/l) 56 (98.2) 7400 + 3100 71 (100) 7700 + 2800

Case group = patients with detected BK virus (BKV) replication; control group = patients without BKV replication; » = number of patients;

SD = standard deviation; MMF = mycophenolate mofetil.

*p < 0.001 vs mean of control group; **p = 0.002 vs mean of control group; 7p = 0.006 vs mean of control group; p = 0.019 vs mean of control

group.

ratio (OR) and confidence interval (CI). For inde-
pendent continuous parameters, the Mann—Whitney
test was used for univariate testing of significance,
whereas for dependent samples the Wilcoxon test was
used. The log-rank test and Kaplan—Meier estimator
were used to evaluate the time-course for sustained
negative BKV replication. A p value of less than
0.05 was considered significant.

Results
Risk facrors for BK virus replication

Patients of male gender (p = 0.026) with triple immu-
nosuppression, consisting of calcineurin inhibitor,
MMF and prednisolone, were at increased risk of
BKYV replication (p < 0.001). In the whole cohort,
tacrolimus and MMF were both risk factors for
BKV replication in univariate analysis (p = 0.034,
p < 0.001), as were high serum tacrolimus concentra-
tions (p = 0.002). Furthermore, the lymphocyte count
was significantly lower in patients with BKV replication
(p = 0.006), who also had a longer warm ischaemic
time (p = 0.019) (Table III, Figure 1).

Change of immunosuppression and BK wvirus replication

Before the first detection of BKV replication, four
patients (28.6%) in the group MMFex received
triple immunosuppression consisting of cyclosporine
A-MMF-prednisolone, whereas 10 patients (71.4%)
received tacrolimus—MMF-prednisolone (Table I).
In the group IMMUNTred, five patients (15.6%)
were on cyclosporine A-MMF-prednisolone, while 25
patients (78.1%) received tacrolimus—-MMF-predniso-
lone. One patient (3.1%) received tacrolimus—MMF

and one patient tacrolimus—sirolimus—prednisolone
(Table II).

Median BKV replication levels did not differ signifi-
cantly between the two groups. First median BKV
replication was 5105 (range 600-396 000) copies/ml
in the group MMFex and 3950 (1000-2 950 000)
copies/ml in the group IMMUNTred (p=0.611). The
number of patients with replication levels greater than
10 000 copies/ml did not differ significantly between
the two groups (four patients in group MMFex, eight
in group IMMUNTred, p = 1.000).

After detection of BKV replication, the immu-
nosuppression regimen was adapted. MMF was
discontinued in the group MMFex; in one patient
prednisolone was also discontinued. Furthermore,
serum concentrations of tacrolimus and the dose of
prednisolone were significantly reduced (p = 0.008,
p=0.031). The serum concentration of cyclosporine
A also was reduced non-significantly. At the end of
the observation period (mean 280 days after first
BKY replication), two patients received tacrolimus
monotherapy, while the remaining 12 patients still
received a calcineurin-inhibitor—prednisolone com-
bination. The concentrations/doses of immunosup-
pressive agents were not reduced significantly any
further after the first control visit (Table I). At the
end of the observation period 13 out of 14 patients no
longer showed BKYV replication. One patient still had
low BKYV replication levels (<500 copies/ml). This is
mentioned here since, in contrast to the inclusion
criteria for BKV replication (>500 copies/ml) indi-
cated above, it is important for patients with sus-
tained viraemia to achieve completely negative BKV
replication results (replication level of 0 copies/ml);
in the authors’ clinical experience, relapses may still
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occur at this stage. This is in contrast to initial BKV
replication levels of less than 500 copies/ml, which
often become negative at the next control.

In the group IMMUNred prednisolone was dis-
continued in four patients with tacrolimus—MMF—
prednisolone at the time of first detection of BKV
replication. Serum concentrations of cyclosporine A
were increased (p = 0.043), whereas the doses of
MMF and prednisolone were reduced significantly
(p =0.024, p = 0.002). Tacrolimus serum concentra-
tions tended to be lower (Table II). Until the end of
the observation period, 17 patients still received triple
immunosuppression, eight patients received tacroli-
mus—-MMF and two patients received tacrolimus
monotherapy. The remaining five patients received
individual regimens. Overall, 28 patients received
MMF until the end of the observation period. Three
patients were assigned to the group IMMUNred as
MMF was discontinued very late in the time-course.
From the first follow-up to the last control con-
centrations/doses of all immunosuppressants were
reduced, which was significant for tacrolimus
(p = 0.002). At the end (mean 356 days after first
BKV replication), 19 out of 32 patients had no
detectable BKV replication, while 13 patients still
had a median BKV replication of 2200 (500-38
630) copies/ml.

The only significant differences between the two
groups regarding immunosuppression resulted from
discontinuation of MMF after BKV replication was
first detected (p<0.001), and higher doses of predniso-
lone in MMPFex at the time of first BKV replication
(p=0.001) and first follow-up (p = 0.034).

At the end of the observation period, signifi-
cantly more patients in the group MMFex than in
IMMUNTred had no BKV replication (p = 0.022,
OR = 0.112, 95% CI 0.013-0.968) (Figure 2), and
this was also achieved more rapidly (207 vs
529.2 days, p = 0.048) (Figure 3).

Graft function

At the time of first BKV replication, creatinine levels
were significantly higher in the group MMFex than in
the control group (p < 0.012), whereas no statistical
differences were detectable between IMMUNred
and the control group, or between IMMUNred and
MMFex. At the end of the observation period, no
statistically significant differences could be detected,
but creatinine levels tended to fall in MMFex, whereas
values rose slightly in IMMUNTred (Figure 4).

Only patients who still had a functioning graft at
the end of the follow-up period were included in the
statistical evaluation.

Risk factor analysis of discrete parameters
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Figure 1. Risk factor analysis of discrete parameters. = Number of patients; case group = number of patients with BK virus (BKV) replication;
control group = number of patients without BKV replication; MMF = mycophenolate mofetil;, CMV = cytomegalovirus.
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Patients with sustained freedom from viremia at the end of follow-up

p=0.022

13
l

]

19
18 1
16 1

14 1 13

121
n 101
8 4
6
4
2
0

No replication

Replication detectable

BKV-replication at the end of follow-up

Figure 2. Patients with sustained freedom from viraemia and patients with BK virus (BKV) replication at the end of follow-up in the MMFex

(1) and IMMUNTred (H) groups. n = number of patients.

Graft loss

No patients lost their graft in the group MMFex
(0/14, 0%), compared with eight patients in the group
IMMUNred (8/32, 25%, p = 0.04).

Discussion

Theincidence of BKV replication in the blood after renal
transplantation was 6.7% in this analysis, while BKV
replication was detected up to 18.6 months after trans-
plantation (mean time 225 + 218 days). Thisincidenceis

in the lower range compared to the results of other
studies, which reported an incidence of 7.5-29%
[3-6], while the latency to the start of BKV replication
is in line with other observations (4 weeks to 32 months
after transplantation) [3,4,15-17].

In this study triple immunosuppression as well as
MMF and tacrolimus were strongly associated with
BKY replication. This is in line with previous observa-
tions for the single drugs [3,17-19] and the combination
[6,8,20,21] as a risk factor. Hirsch et al. [9] analysed
11 studies, in which tacrolimus was used in more
than 50% of patients with BKV replication in nine

Time course of sustained freedom from BKV-replication

1.0

0.8

0.6 7

0.4

0.2

Cumulative patients with BKV-replication

0.0

p=0.048

T T
0 250 500

T T T
750 1000 1250

Days after transplantation

Figure 3. Time-course of sustained freedom from BK virus (BKV) replication, i.e. until BKV replication could no longer be detected. Dark

blue line: MMFex group; pale green line: IMMUNred group.
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A Renal function at first detection of BKV-replication/first
control
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Figure 4. Renal function in the three groups: (a) at the first BKV replication detection/first control after transplantation (190 days in MMFex,
173 days in IMMUNred, 219 days in control group); (b) at the last control after transplantation (470 days in MMFex, 529 days in IMMUNred,

470 days in control group).

studies and MMF in seven studies. This has to be
interpreted cautiously, since tacrolimus and MMF are
standard immunosuppressants administered after
renal transplantation and so are likely to be part of the
immunosuppressive regimen when BKV replication
occurs. However, both drugs seem to increase the risk
of BKV replication, and this riskmay be even higherifthe
drugs are administered in combination. Tacrolimus may
increase the riskof BKV replication through anincreased
area under the curve (AUC) of mycophenolic acid
when administered together with MMF owing to the
increased enterohepatic recirculation of MMF [22].
Furthermore, the present study showed a mean tacro-
limus concentration of 9.0 ug/l, which was significantly
higherthanin the control group. In earlier studies, serum
levels of above 8-9 g/l were reported to be associated
with an increased risk of BKV replication [15,23]. In
addition, male gender was associated with a 2.8-fold
increased risk of BKV replication, which is in line with
previous observations [15,16,18]. Furthermore, warm
ischaemic time was significantly higher in patients
with BKV replication, which has not been reported
previously. However, experimental evidence suggests

that a pathophysiological background may be responsi-
ble for this association [24,25]. Atencio et al. showed in
an experimental model that adult mouse kidneys
became susceptible to polyomavirus replication through
ischaemia [24]. Fishman postulated that renal injury
and a proinflammatory state, which are both increased
by prolonged warm ischaemia, contribute to viral reac-
tivation [25].

In the present study a reduced lymphocyte count
was detected in patients with BKV replication, while
the leucocyte count did not differ significantly. Lym-
phopenia could also play a role in the initiation of
BKYV replication. According to Comoli et al. [26,27],
this could be related to changes in the number of BKV-
specific CD4" and/or CD8" T cells. Lymphopenia
could be due to elevated MMF serum concentrations.
In the present study, lymphopenia could be explained
by elevated tacrolimus concentrations, which lead to
elevated MMF-AUC levels through the enterohepatic
recirculation of MMF. The lymphocyte count could be
another tool in assessing the level of immunosuppres-
sion and therefore the risk of opportunistic infections
such as BKV.



It remains unclear whether discontinuing MMF
would have different effects compared to dose reduc-
tion of immunosuppressants in patients with BKV
replication. Alternatively, immunosuppressants such
as leflunomide that may have antiviral activity [28]
could be better alternatives.

Discontinuing MMF is mentioned as an option by
current KDIGO guidelines [11]. Trofe et al. [29] sum-
marized a large number of studies and their recommen-
dations for modification, and concluded that the firstline
should be a reduction in the serum concentration/
daily dosage of the administered drugs (for tacrolimus
<6 ug/l with simultaneous reduction of MMF; for cyclo-
sporine A 100-150 pg/l, MMF <1 g/day). In the present
study, discontinuation of MMF was associated with a
higher BKV replication clearance rate compared to a
reduction in the dosages of the immunosuppressants.
This is in line with results of more recent publications
[14,30,31]. In these studies MMF was also successfully
discontinued.

In addition, there were no graft losses, whereas in
the control group eight patients developed end-stage
renal disease.

A possible limitation of discontinuing an immuno-
suppressive drug could be allograft rejection. How-
ever, in this study no patient lost their graft when
MMF was discontinued, while their renal function
improved, whereas eight graft losses occurred in the
dosage reduction group. It is not clear whether these
patients lost their grafts owing to BKV nephropathy or
to chronic rejection, since biopsies were not routinely
performed. Bearing this caveat in mind, the results
suggest that discontinuing MMF and reducing the
dosage of the remaining immunosuppressants (tacro-
limus serum concentration <7 ug/l, cyclosporine A
<150 pg/l, prednisolone <7 mg/day) is a practical and
safe way of modifying immunosuppression after BKV
replication has been detected. A possible bias is that
there were eight patients in the IMMUNred group
with an initial viraemia greater than 10 000 copies/ml
compared with four in the MMFex group; this might
also have led to more patients experiencing graft loss.
Butsince the number of patients included in the MMFex
group was much smaller, the percentage of patients with
aviraemia of more than 10 000 copies/ml was equal, so
one would also expect an equal percentage of patients
to lose their graft in both groups, which was not
the case. Therefore, although it is unclear whether
the graft losses occurred as a result of BKV or other
causes, the discontinuation of MMF resulted in
better graft survival.

Three patients who received leflunomide after
detection of BKV replication were also evaluated.
In these patients BKV replication was detected
342, 284 and 558 days after transplantation; in all
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patients BKV nephropathy was diagnosed (biopsy
proven). Initial replication levels were 14 000 000,
1200 000 and 6 000 000 copies/ml, respectively. In all
patients overall immunosuppression was reduced
(reduction/discontinuation of MMF, dosage reduc-
tion of calcineurin inhibitor/steroid) then leflumonide
was added 95, 90 and 76 days after first BKV repli-
cation. Concerning the outcome, one patient lost his
graft and returned to dialysis treatment 236 days after
first BKV replication. The last BKV replication was
73 500 copies/ml. The second patient cleared the
virus but also returned to haemodialysis treatment
because of chronic graft failure, but this occurred after
clearance of the virus. The third patient still had low
BKYV replication levels and a functioning graft at
the end of follow-up. Summing up the experience
from these cases, leflunomide did not lead to a very
favourable outcome in patients with BKV replication,
but one has to keep in mind that all patients had
very high initial replication levels and leflunomide
was not started when first BKV replication was
detected. It may be speculated that had MMF been
changed to leflunomide earlier this might have
resulted in a better graft function and termination
of viral replication [32].

There were several limitations to this study. The
small number of patients included could lead to
type 1 or type 2 statistical errors and low power. Fur-
thermore, all results were analysed retrospectively. The
IMMUNred group was quite heterogeneous and so
comparison with MMFex may be limited. No signifi-
cant differences between the two groups regarding
immunosuppression could be detected, apart from
discontinuation of MMF. In addition, the diagnosis
of BKV nephropathy via biopsy was not performed
routinely. Therefore, the authors cannot be certain
whether clinical findings such as deterioration of renal
function or graft losses were due to BKV replication or
to other pathologies such as rejection.

In conclusion, this study analysed risk factors that
could help to identify recipients who may be at risk
for the development of BKV replication. In addition,
reduction of immunosuppression with discontinua-
tion of MMF is a promising strategy to cope with
BKYV replication.
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