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Abstract

Purpose: BK virus nephropathy (BKVN) is a latent
infection and it is closely associated  with
immunsuppressive therapy. We aimed in this study to
evaluate biopsy-proven BKVN and investigate frequency,
risk factors and treatment management.

Materials and Methods: In this study, 422 kidney
transplant  recipients were analysed retrospectively
between April 2014 and April 2020 for biopsy-proven BK
vitus nephropathy. Group I included 16 kidney transplant
patients with biopsy-proven BK nephropathy and group I1
included 36 kidney transplant patients with negative BK
virus nephropathy. We aimed demographic, clinical
features of kidney transplant recipients with BKVN (group
I, n: 16 ) and non-BKVN (group II, n:36) were compared
and the factors affecting of BKVN.

Results: The mean age of grup I and group II were were
41£14.8 years and 39%15.2 respectively. The patients
mean follow-up period of 431112 months. Serum
creatinine and proteinuria degree were significantly higher
in the group with BKVN. In order to reduce the dose of
immunosuppression in patients with BKVN;, tacrolimus
treatment was discontinued in 8 patients, and they were
switched to everolimus + MMF + prednisone treatment,
leflunamide + MMF + prednisone treatment in 4 patients,
and sirolimus + MMF + prednisone treatment in 4
patients. The mean serum creatinine level of the patients
who were followed up were observed as 1.78+0.98 mg/dl
in group L.

Conclusion: In our center, the prevalance of BKVN was
found 3.92% during the study period. Reduction of dose
immunosuppressive therapy is the most effective
treatment. It is thought that there was no differences
between Leflunamide and other approaches for treatment.

Oz

Amag: BK virlis nefropatisi (BKVN) bébrek nakli
sonrasinda immunsupresif tedavi dozu ile yakindan iliskili,
latent enfeksiyonun reaktivasyonudur. Bu c¢alismada
klinigimizde takipli hastalarda BKVN sikligini ve olast risk
faktorlerini degerlendirmeyi amagladik.

Gereg ve Yontem: Nisan 2014- Nisan 2020 tarihleri
arasinda klinigimizden takipli olan 422 bobrek nakil hastast
BK virus nefropati acisindan geriye déniik oalrak analiz
edildi. Gruo I’e biyopsi ile kanitlanmis BK virus nefroatili
16 hasta, grup 1I'ye ise BK virus negatif olan 36 hasta dahil
edildi. BKVN saptanan 16 hastanin (grup 1) ve BKVN
negatif olan 36 hastanin (grup II) demografik, klinik ve
laboratuar 6zellikleri 6zellikleri ile BKVN iliskili faktorler
kargtlastirildi.

Bulgular: Grup I’deki hastalarin yas ortalamast 41£14.8
yil, grup I’deki hastalarin yas ortalamasi ise 39£15.2 yil
olarak saptandi. Hastalarin bobrek nakli sonrasinda
ortalama takip stireleri 43111.2 ay idi. BKVN olan grupta
serum kreatinin ve proteiniiti diizeyinin istatistiksel anlamlt
olarak daha yiksek oldugu saptandi. BKVN saptanan
hastalarda immunsupresyon dozunu azaltmak amact ile 8
hastada kullanmakta olduklari takrolimus tedavisi kesilerek
everolimus +MMF+ prednisone tedavisine, 4 hastada
leflunamid+ MMF+ prednisone tedavisine, 4 hastada ise
sirolimus +MMF+ prednisone tedavisine gegis yapild.
BKVN tanist sonrasinda hastalarin ortalama 58.9£34.2 ay
takip edildigi, 1 hastada NODAT gelistigi, 2 hastanin
kardiyovaskiler nedenlerle kaybedildigi, 2 hastanin ise
greft kayb: nedeni ile hemodiyaliz tedavisine déndagu
gozlendi. Takibe devam eden hastalarin ortalama serum
kreatinin degerlerinin 1.78+0.98 mg/dl olarak gozlendi.
Sonug: Klinigimizde calismanin  yapildigi  dénemde
BKVN sikligi %4.86 olarak gézlendi. Immunsupresif
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Early diagnosis and screening (frequently intervals) seems
to be most effective way for BKVN.
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INTRODUCTION

BK virus (Polyama hominis I, BKV) was first
described in 1971, isolated in the urine and urinary
epithelium of a kidney transplant recipient with renal
failure and wureteral stenosis!. BKV is a non-
enveloped, 42 nm virus with a double-stranded
circular DNA containing 5000 bases and an
icosahedral capsid from the Papoavirus group in the
Polyomaviridae family!.

The prevalence of BK virus (BK) in the adult
population is approximately up to 90%!2. BKYV is
reactivated in patients who is receiving immuno-
suppressive treatment®. Kidney transplant patients is
receiving  immunosuppressive medication  for
preventing to acut rejection and  allograft
dysfunction*. In kidney transplantation patients;
BKYV is activated and manifests as tubulointerstitial
nephritis. BKVN directly related with the intensity of
immunosuppressive medications>S.

There are many risk factors for BKVN (BK virus
nephropathy); donor, recipient and transplant related
risk factors. These risk factors include; total HLLA
antigen mismatch, immunsuppressive regimen
(tacrolimus (Tac) or mycophenolate mofetil (MME)),
a deceased donor, older and younger age
transplantation, a male patient, a history of diabetes
mellitus, and previous transplant, ureteral trauma,
cytomegalovirus infection, delayed graft function,
and treatment for acute rejection episodes’?.

Maintenance  immunosuppression in  kidney
transplant ~ recipients include of  three
immunosuppressive madications: firstly calcineurin
inhibitors (CNI); tacrolimus or ciclosporin, secondly
antiproliferative agent mycophenolate
mophetil/sodium or azathioptine, and thirdly
corticosteroids. In large studies have showned that
high serum levels of CNI suppressed responce to
anti-BK virus T-antigen. And some of the studies
documented that higher risk for BK virus
nephropathy in patients treated with CNI'011,

The early diagnosis and monitoring of BKVN in
kidney transplant patients are most important both
preventing and teratment >S. Virutia or viremia may
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tedavi dozunun azaltilmast hala en etkin tedavi yoéntemidir.
Leflunamid tedavisi ile diger tedavi yaklasimlari arasinda
fark olmadigi saptandi. Sik araliklarla tarama ve erken
taninin BKVN takibinde daha etkili oldugu gézlenmistir.
Anahtar kelimeler: BK virts, nefropati, bobrek nakli

be detected weeks to months before there is a
detectable allograft dysfunction. Viruria and viremia
ocur before nephritis, which can occur as early as 6
days and up to 5 years posttransplant (mean of 10-13
months)30.

Until today there is no specific immunosuppressive
therapy has been definitively related with clinically
BKVN!2, Data from large studies are suggesting that
prevention and treatment for BKVN in kidney
transplant patients are firstly routine screeining for
viremia and preemptive strategy that include to
started early medication. Secondly aimed to eveluate
modification of immunsuppressive therapy when
proven by kidney biopsy or after a presumptive
diagnosis”®!3. In addition, cidofovir, intravenous
immunoglobulin ~ (IVIG),  quinolones,  and
leflunomide therapy may be applied, but none of
these treatments have strong evidence to be
recommended®.

There is a limited data in the literature for prevention,
treatment and long-term findings of BKVN. We
thought that it is important to research the prevalance
and clinical findings of BKVN at transplant center to
determine BKVN  screning, prevention and
treatment protocols spesific to each transplant center.
In this study we aimed to determinated our transplant
centers’outcomes, frequency and risk factors with
biopsy-proven BKVN.

MATERIALS AND METHODS

Sample

We retrospectively analyzed 422 kidney transplant
recipients from deceased donor or living related
donors at Bahcesehir University faculty of Medicine,
Goztepe Medicalpark Hospital Transplant Center
during a six year period (April 2014 to April 2020).

Patients who were included in this study were
categorized according to positive biopsy-proven
BKVN and negative biopsy-proven BKVN or
negative BKV viremia. Patients in group I were
positive biopsy-proven BKVN (n:16). Recipients in
group II (n:36) biopsy-proven BKVN or negative
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negative BK virus in blood and urine; those with
underwent kidney transplantation in same period,
same surgical procedure, used same
immunsuppressive  therapy had  same
immunological risk with group 1.

and

The patients’ demographic, laboratory and follow-up
data were obtained from their hospital records. Data
for analysis were obtained at routine controls; these
variebles involved blood pressure level, blood
analysis (hemogram, urea, creatinin, electrolytes,
urinalysis, proteinutria), and kidney transplant
ultrasound. Patients without an allograft kidney
biopsy or missing data were excluded from the study.
This study was approved by the Bahceschir
University Faculty of Medicine Ethical Commite
(2022-06/01). The study is compliant with the
guidelines of the Declaration of Helsinki.

Procedure

After transplantation, a screening for BKV DNA in
blood samples was performed every months in the
first six months, then for every three months and
when the unexplained elevation serum creatinine
level was detected. The diagnosis and screening of
presumptive BKVN in patients are dependent on
real-time polymerase chain reactin (PCR) analysis for
BKV DNA of blood sample. Diagnosis of BKV
infection was defined if the number of viral copies
detected 10* copies/mL in blood sample. BKVN is
diagnosed by histological evaluation after performing
a fine-needle biopsy of the allograft. Also kidney
transplant receivers (KTRs) had rising creatinine level
were evaluated for the indication kidney biopsy.
Biopsies were evaluated according to Banff
calssification for the presence of BRKVN!2

Patients were divided into 2 groups according to
BKYV positivity in blood and BKVN in kidney biopsy.
Group 1 included 16 (KTRs) with biopsy-proven
BKVN, Group 2 included 36 KTRs with (who
underwent kidney transplant in the same period with
group I) negative BK viremia and no biopsy-proven
BKVN. We compared in these patients with in terms
of demographic features, clinical signs and
biochemical parameters.

Immunsuppression therapy and follow-up

Methylprednisolone (MP) was given (1000 mg/day)
starting on the transplantation day and progressively
tapered to 64 mg/day at the one week of
transplantaion. Doses of calcineutin inhibitor (CsA
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or Tac ) were adjusted to maintain morning trough
serum levels ( 150-250 ng/ml and 7-10 ng/ml for
CsA and Tac retrospectively). Anti-metabolite agents
(mycophenolate sodium (MPA, 1140 mg/da ot
MMF, 2 g/day) and azotioptine (AZA, 1-2
mg/kg/day) wete also used. Our study population
were followed-up considering to the transplantation
guidelines.

Statistical analysis

Statistical analyses was conducted with SPSS version
20.0 IBM Co., Armonk, NY, USA). Qualitative
variables are presented as number and percentage,
whereas quantitative variables are presented as means
and standard deviation. Demographic and clinical
variables between recipients with and without BRVN
were compared by use Fisher exact or chi-square
tests. P values < .05 was considered significant.

RESULTS

A total of 402 kidney transplant patients were
analyzed between April 2014 and April 2020,
retrospectively. Sixteen patients (Group I: 9 male, 7
female) diagnosed with BKVN and 36 patients
(Group II: 21 male, 15 female) who underwent
simultaneous transplantation with patients who
developed BKVN were included in the study. The
incidence of BKVN was detected as 3.92% in our
clinic. Mean age of the patients in group I was
41£14.8 years, mean age of patients in group II was
39£15.2 years, the mean follow-up period after
kidney transplantation was 43%11.2 months. The
laboratory and demographic features of the patients
are summarized in Table 1.

In the group I patients, 13 patients were transplanted
from a living donor and 3 patients from a cadaveric
donor, while in the other group, 28 patients were
transplanted from a living donor and 8 patients were
transplanted from a cadaveric donor. The mean time
of diagnosis of BKVN was found to be 8.2%5.8
months. It was observed that 12 patients in the
BKVN group received anti-thymocyte globulin+
steroid treatment as induction treatment before
transplantation, 4 patients received only steroid
treatment, 32 patients in the BKVN negative group
received Anti-T' lymphocyte globuline (ATLG) +
steroid treatment and 4 patients did not receive
induction treatment. Patients immunosuppressive
treatment regimens included prednisolone, anti-
metabolite agents (MMF, MPA), and calcineurin
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inhibitor (cyclosporine A (CsA), Tac). All patients  possible fungal, viral, or pneumocystis jiroveci
were given fluconazole, valganciclovir, and  infection prophylaxis in the post-transplant period.
trimethoprim-sulfamethoxazole — prophylaxis  for

Table 1. Clinical and Laboratory Characteristics of Patients with BKVN

N (%) or meantSD
Gender
Female 7 (%43.75)
Male 9 (%56.25)
Age (years) 39+13.8
Transplantation Time (months) 39+12.2
Donor Type
Living 13 (%81.25)
Cadaveric 3 (%18.75)
Mean time to diagnosis of BKVN (month) 8.2£5.8
Mean serum creatinine at diagnosis BKVN (mg/dl) 2.84+1.1
Induction Treatment
ATLG+ Steroid 12 (%33.3)
Steroid 4 (%066.6)
Primary Disease
Diabetes Mellitus 4 (%25)
Hypertension 6 (%37.5)
Chronic Glomerulonephritis 4 (%25)
Others (VUR, PCKD...) 2 (%12.5)
Immunsuppresive regime
Tac+ MMF+ PRD 15 (%93.75)
CsA+ MMF+ PRD 1 (%6.25)
Donor Type
Living 13 (%81.25)
Cadaveric 3 (%18.75)
Mean time to diagnosis of BKVN (month) 8.2+5.8
Mean serum creatinine at diagnosis BRKVN (mg/dl) 2.84+1.1

ATLG: Anti-T lymphocyte globuline, Tac: Tacrolimus, MMF: Mycophenolate mofetil, MFA: Mycophenolic acid, CsA: Cyclosporine-A,
VUR: Vesicoretheral reflux, PCKD: polycystic kidney disease, BKVN: BK viriis nephropathy

When the average serum creatine levels of both statistically significantly higher. (p=0.01). Both
groups before BKVN diagnosis was compared, there ~ groups were found to have no difference when the
was no found statistical significantly difference  groups were compared to age and gender (Table 2).

between the two group (0.98+0.32 mg/dl, When the i ve t ¢ reoi
respectively, (min: 058 mg/dl- max: 1.86 mg/d), en the immunosuppressive treatment regimens

" . ) i used by the patients in the BKVN group at the time
0.87£0.29 mg/dl, (min: 0.62 mg/dl- max: 1.78 of diagnosis were viewed, it was observed that 1

patient received CsA+ MMF+ Prednisone treatment,
and the other patients received Tac + MMF +
prednisone treatment. In the group without BKVN,
it was determined that 8 patients received CsA +
MMF + Prednisone treatment, and 28 patients
received Tac + MMF + prednisone treatment.

mg/dl) p=0.06). However, when the mean setum
creatinine values of the patients with BKVN at the
time of diagnosis (2.8411.1 mg/dl) were compared
with the serum creatinine values at the time of
diagnosis (0.84£0.38 mg/dl) of the patients without
BKVN, the mean serum creatinine values of the
group diagnosed with BKVN were found to be
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Table 2. Analysis of demographic, clinical and laboratory characteristics of patients with and without BKVN

BKVN (+) BKVN (-) p
Gender (n, %)
Female 7 (43.75%) 15(41.6%) 01
Male 9 (%56.25) 21 (58.4%) )
Age (years) 411+14.8 39+15.2 0.07
Diabetes Mellitus (n , %) 4 (25%) 8(22.2%) 0.2
NODAT (n, %) 1 (6.25%) 3(8.3%) 0.1
Creatinine, time to diagnosis (mg/dl) 2.84%1.1 0.84%0.38 0.01
Proteinuria, time to diagnosis (mg/day) 0.98%0.24 0.42£0.18 0.02
Immunosuppressive regimen time to diagnosis (n ,
%)
Tac+ MMF+ PRD 13(81.25%) 28(77.7%)
CsA+ MMF+ PRD 3(18.75%) 8(22.3%) 0.04
Induction Treatment
ATLGH Steroid 13(81.25%) 29(80.5%)
Steroid 3(18.75%) 7(19.5%) 0.3
Delayed graft function (n, %) 1 (6.25%) 3 (8.33%) 0.1
Acute rejection (n , %) 2 (12.5%) 3 (8.33%) 0.00

ATLG: Anti-T lymphocyte globuline, Tac: Tacrolimus, MMF: Mycophenolate mofetil, CsA: Cyclosporine-A, NODAT: New onset
Diabetes Mellitus after Transplantation, BKVN: BK viriis nephropathy

It was detected that, in order to reduce the
immunosuppression dose of the patients after the
diagnosis, Tac treatment was discontinued and 8
patients switched to everolimus + MMF +
prednisone treatment, 4 patients switched to
leflunomide + MMF + prednisone treatment, and 4
patients switched to sirolimus + MMF + prednisone
treatment. While intravenous immunoglobulin was
given to 6 patients with BKVN diagnosis, pulse
steroid + ATLG treatment was given to 3 patients
with simultaneous acute rejection diagnosis. It was
observed that graft functions regressed to basal
values in all 3 patients who developed acute rejection.

It was found that, the mean proteinuria levels of the
patients at the time of diagnosis of BKVN were
0.98+0.24 mg/day, and the difference was
statistically significant when compared with the mean
proteinuria (0.4210.18 mg/day) 1 month prior the

diagnosis of disease (p=0.01). It was observed that
the mean serum creatinine value of the patients who
were followed up was 1.78£0.98 mg/dl. In table 3
summerized that serum creatinine and proteinuria
level, during the follow-up time in BKVN group. It
was detected that the mean follow-up period of the
patients after the diagnosis of BKVN was 58.91£34.2
months, 2 patients died due to cardiovascular
reasons, and 2 returned to hemodialysis treatment
due to graft loss.

When patients with BKVN were analysed in terms of
new onset diagnosed diabetes mellitus after
transplantation (NODAT), it was observed that
NODAT developed in only 1 (6.25%) patient in
Group I at the 11th month of follow-up. Whereas, in
Group II, NODAT development was detected in 3
patients (8.3%).

Table 3. Serum creatinine and proteinuria level, following time in BKVN

Time to 3. month 6. month 12. month Last
diagnosis
Creatinine(mg/dl) 2.84*1.1 2.19£0.58 1,79+0,88 2.4+3.7 2.8%11.9
eGFR(ml/min, MDRD) 38.6+21.2 41.4%+18.6 48.7+19.2 45.9136.7 38.9127.6
Proteinuria(gr/day) 0.981+0.24 0.681+0.72 0.53%+0.73 0.9940.82 1.11£0.86

eGFR: Glomerular Filtration Rate, MDRD: Modification of Diet in Renal Diseas, BKVN: BK viriis nephropathy

Again, when the patients were evaluated in terms of
urinary tract infection after transplantation, it was

detected that oral or IV antibiotic treatment was
given due to urinary tract infection in 4 (25%)
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patients in Group I and 10 patients (7.27%) in Group
IT duting the period until the diagnosis of BKVN
after transplantation. It was observed that all patients
who developed UTI had a double | catheter. A
double ] catheter was observed to be applied to 13
patients in the post-transplant period in the BKVN
group, and the mean catheter stay time was 34.2£10.8
days. In the BKVN negative group, double | catheter
was applied to 28 patients, in these patients the mean
catheter stay time was 31%11.4 days, and no

statistically significant difference was detected
(p=0.07).

DISCUSSION

The fact that effective immunosuppressive

treatments applied to reduce the risk of acute
rejection and enhance graft survival rate after kidney
transplantation can lead to latent BKV reactivation is
known. According to the literature, the incidence of
BKVN in transplantation centers around the world
was observed to be between 2-9.3%, whereas in our
study, the incidence of BKVN was found to be
4.8%!1315, The mean time of BKVN diagnosis in our
patients was observed to be 6.8 * 2.4 months after
transplantation, while the graft loss rate was 12.5%.
In different studies, graft loss rates have been
reported as 40-80%7-16.

In our study, when immunosuppressive treatment
drugs used by patients who developed BKVN were
examined, it was observed that 15 patients received
Tac + MMF + prednisolone treatment. In many
studies, BKVN incidence was reported higher for
patients using immunosuppressive  treatment
including Tac + MMF + prednisolone! 7.

In a study in which 56 kidney transplant patients were
examined, it was shown that the frequency of BKVN
was higher in patients with serum tacrolimus level
>10 ng/ml2°2!, In our study group, while the serum
tacrolimus level of 4 patients was >10 ng/ml, the
mean tacrolimus level was 8.112.11 ng/ml.

Although it is known that the most important factor
among the risk factors for BKVN is the drugs used
for immunosuppressive therapy, it is also known that
there are risk factors such as changes in the humoral
and cellular immune system of the recipient,
advanced age, and male gender?’?2. In our study
group, the male sex ratio was 62.5% and the mean
age was 41.2+13.2 years. In the study of Hirsch etal.,
advanced age was defined as an independent risk
factor for the development of BKVN'8. In addition,
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the time of diagnosis after transplantation and the
serum creatinine level at the time of diagnosis are also
extremely crucial for graft survival'. Graft survival
rates were observed to be higher in patients with low
serum creatinine values and in patients who were
diagnosed in the first month?2. In our study group,
the mean time of diagnosis was detected as 6.8%2.4
months after transplantation, and the mean serum
creatinine value was 2.84%f1.1 mg/dl (min: 0.96
mg/dl-max: 4.2).

Among patients treated with Tacrolimus; 8 patients
were switched to everolimus+MMF+ prednisolone,
5 were switched to leflunomide + MMF +
prednisolon theraphy. Among patients treated with
CsA; in 1 patient, the dose of CsA was reduced and
the treatment was continued as MMF + prednisone,
in 2 patients MMF treatment was discontinued and
low-dose CsA + azathioprine + prednisolone
treatment was started.

In the treatment of BKVN, the replacement or dose
reduction of immunosuppressive drugs can be
effective in the treatment of infection but can
increase the risk of acute and chronic rejections!”-2,
While there are publications reporting that the viral
load is reduced by 58-60% when the tacrolimus level
is kept between 3-5 ng/ml and the MMF treatment is
completely discontinued, there are also publications
reporting that the graft loss is reduced by 20% when
the MMF dose is reduced by 40-60%?2*. In our study
group, the MMF treatment dose was reduced by 50%
in all patients. It was observed that at the time of
BKVN diagnosis, the serum creatinine levels were
higher in the patients whose MMF treatment was
ceased than in the other patients. While the graft loss
was not observed in the patient group treated with
Leflunamide, both other graft losses were found to
be in the group treated with MMF + everolimus +
prednisolone.

There was no difference detected in the rate of
regression of serum creatinine value to basal values
between the patients treated with leflunomide and the
other patients. Although there are publications
reporting that leflunomide treatment is more
effective in reducing viral clearance, the need for dose
follow-up and the immunosuppressive efficacy of the
drug should still be discussed?*.

Publications reporting that quinolone antibiotics are
successful in the treatment of BKVN are present®.
In the study of Gabardi et al., it was shown that the
risk of BKVN was lower in the group of patients who
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received levofloxacin treatment for approximately 1
month in the post-transplant period?®. In our study,
quinolone prophylaxis was not given in the post-
transplant period.

When the patients were analysed in terms of double
] stenting after transplantation, it was found that only
3 patients were not stented, and the mean catheter
stay was 34.2210.8 days in the stented patients. There
are studies in the literature showing that double j
stenting increases the risk of BKVNZ?. It is thought
that with stenting superficial epithelial cells get
eroded, ureters get destracted, ulceration and reactive
changes in the transitional epithelium ocutr?8-3,
Standard double-] stent was applied in our patients.

In our results, acute rejection was observed in 2
patients at the time of diagnosis of BKVN, and these
patients were given pulse steroid therapy followed by
a reduction in the doses of the immunosupptession
therapy. The limitations of our study are primarily its
retrospective design and power analysis was not
performed in the statistical method. In addition,
while all patients had kidney biopsy at the time of
diagnosis, only 9 patients had a control biopsy.

In conclusion, the frequency of BKVN in kidney
transplant patients followed up in our clinic was
consistent with data of the literature. It was obsetved
that BKVN continued to be an important risk factor
for acute rejection and graft loss, and there was no
difference in graft survival between the groups
receiving leflunomide therapy and mTOR inhibitor
therapy. In recent years, with the development of
technological methods, easier access of patients to
hospitals and doctors, routine application of
screening  tests, and monitoring  of
immunosuppressive therapy dose setting, we believe
that the frequency of BKVN incidence can be further
reduced. It was established again that the prognosis
was more favorable in patients who were diagnosed
early in the post-transplant period, and it was
important to perform a screening test every month
for the first 3 months and then every 2-3 months
amonyg first years of transplantation.
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