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BK virus (BKV) infection after kidney transplantation leads to BKV-associated nephropathy (BKVAN) in up to
10% of recipients, and is associated with an increased risk of allograft dysfunction or loss. The objective of this
study was to estimate the incidence of BKVAN and to analyze whether enhanced induction is associated with
an increased risk of BKVAN, possibly justifying more intensive surveillance.

This was a single-center retrospective cohort study. All patients who underwent kidney transplantation or si-
multaneous pancreas and kidney transplantation at the Uppsala University Hospital in Sweden between 2005
and 2014 were included, a period when BKV screening was not yet implemented. The effect of enhanced in-
duction, defined as treatment with thymoglobulin, rituximab, and/or eculizumab, often in combination with
IVIg and glycosorb, immunoadsorption and/or plasmapheresis/apheresis, was analyzed in a multivariable Cox
proportional hazards model together with sex, age, cytomegalovirus mismatch (donor+/recipient-) and rejec-
tion treatment as co-predictors. Further, the effects of BKVAN on graft survival was analyzed in a univariable
Cox proportional hazards model.

In total 44 of 928 (4.7%) patients developed a biopsy-verified BKVAN 4.8 (1.5-34.2) months after transplan-
tation. Male sex was identified as a risk factor (HR 2.02, P=0.04) but not enhanced induction. Patients with
BKVAN experienced a significantly higher risk of graft loss (HR 4.37, P<0.001).

Male sex, but not enhanced induction, was found to be a risk factor for BKVAN development after kidney trans-
plantation. BKVAN is associated with an increased risk of graft loss.
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Background

BK virus (BKV) infects up to 90% of the general population and
often causes asymptomatic infections during childhood [1]. After
primary infection a persistent state is established in renal tu-
bular cells and the uroepithelium with minimal clinical implica-
tions [2-4]. When the immune system is suppressed, the virus
may reactivate and cause serious complications such as BKV-
associated nephropathy (BKVAN). BKVAN affects 1-10% of all
kidney transplant recipients (KTR) [5-7], and is associated with
a significant risk of allograft dysfunction or loss [5,7,8]. There
is no established antiviral therapy available for BKV infection
in KTR, but a pre-emptive reduction of immunosuppression
when BK viremia is detected has been shown to lower the in-
cidence of BKVAN [9,10]. In 5-15% of all allogenic hematopoi-
etic stem cell transplant patients BKV causes BKV-associated
hemorrhagic cystitis [1,11,12]. Since BKVAN and hemorrhag-
ic cystitis are seldom seen in other immunosuppressed pa-
tients it is likely that an additional insult is needed which pre-
disposes the graft or the bladder to the damage by BKV [13].

Several risk factors for development of BKVAN have been iden-
tified. The single most important factor is thought to be the
overall degree of immunosuppression, including general immu-
nosuppression as well as treatment for acute rejection and de-
sensitization [6,14-18]. Other identified risk factors that have
been proposed include male sex, age of both donor and re-
cipient [16], obesity [15], and donors and recipients serosta-
tus of both BKV and Cytomegalovirus (CMV) [15]. Also, fac-
tors such as long cold ischemia time [15] and delayed graft
function [15,17] have been suggested to be of interest. There
are only a few prospective studies with multivariable analyses
of risk factors and most included less than 500 patients [19].

The aim of this study was to examine the incidence of BKVAN
in a Swedish cohort of patients having received a kidney trans-
plant or combined kidney and pancreas transplants, and to
evaluate selected risk factors and their association with the
development of BKVAN. Further, we aimed to clarify if a sub-
group of patients, those having received enhanced induction,
is at higher risk of BKVAN and who would therefore possibly
benefit from more intense surveillance.

Material and Methods

Study Design

This was a single-center retrospective cohort study based on
prospectively collected data. All transplantations in patients
aged >18 years who underwent kidney transplantation (KTx)
or simultaneous pancreas and kidney transplantation (SPK) at
the Uppsala University Hospital in Sweden between 1 January
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2005 and 31 December 2014 were eligible to be included, a
period when BKV screening was not yet implemented at our
center. All patients who experienced primary non-function,
early allograft loss (<6 months), were lost to follow-up or died
within 6 months after transplantation were excluded from the
analysis cohort. Of note, none of the excluded patients devel-
oped BKVAN.

The primary analysis was the incidence of BKVAN, according to
the contemporary local definition including >10% loss of filtra-
tion capacity along with histologic findings consistent with BK
virus engagement of the graft. Secondary analyses were the
association of selected risk factors with BKVAN development,
rate of graft loss in patients with and without BKVAN and the
proportion of patients who received antiviral treatment with
cidofovir. Risk factors were selected on the basis of previous
findings and biological rationale rather than univariate anal-
ysis, in line with the recommendations by Heinze et al [20].
The selected risk factors were sex, age, CMV mismatch (do-
nor+/recipient-), enhanced induction and rejection treatment.
Enhanced induction was defined as treatment with thymo-
globulin, rituximab and/or eculizumab, often in combination
with IVIg and glycosorb, immunoadsorption and/or plasma-
pheresis/apheresis. The reasons for administering enhanced
induction could be HLA-incompatibility, ABO-incompatibility,
SPK and other high-risk immunological scenarios such as pre-
vious transplantations. Rejection treatment included methyl-
prednisolone, anti-thymocyte immunoglobulin, rituximab, ec-
ulizumab, IVIg or plasmapheresis were analyzed in relation to
BKVAN development.

The study was approved by the regional ethics review board
in Uppsala (No. 2015/488). All data were collected from elec-
tronic medical records and from a local follow-up transplan-
tation registry at the Uppsala University Hospital. At time of
transplantation, all patients were informed about the regis-
tration of their data and were given a standing option to ac-
tively opt-out at any time.

Diagnosis of BK Viremia and BKVAN

BK virus was analyzed in serum or plasma samples from the
patients using a modified variant of a previously described
quantitative TagMan real time polymerase chain reaction
(qPCR) procedure [21,22]. Briefly, BK virus DNA was extracted
from 200 pl plasma using the automatic NucliSens easyMAG
robot (BioMérieux, Marcy I’Etoile, France). BK virus DNA was
then amplified using the Qiagen Rotor-Gene Q thermo cycler
(Qiagen, Hilden, Germany).

The study was performed prior to the introduction of a BKV
viremia surveillance program. Hence, only patients with dete-
rioration of the kidney function underwent a biopsy to see if
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Assessed for eligibility (n=977)
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Figure 1. CONSORT flow-chart of patients
and grafts in the study. Created in
Microsoft Word, version 16.53, 2019.

Excluded (n=49)

« <18yearsold (n=7)

« Primary non-function (n=9)

« Death within 6 months (n=14)

« Graft loss within 6 months (n=18)
« Lost to follow-up (n=1)

| Included (n=928) |

l

BKVAN (n=44)

v

Treatment with cidofovir (n=25) |

Non BKVAN (n=884)

Non cidofovir (n=19)

they had histological signs of BKVAN. The locally applied in-
dication for a transplant biopsy was an unexplained 10% in-
crease in serum creatinine or more. BKVAN was diagnosed
by pathological evaluation of kidney allograft biopsies taken
at any time after transplantation and defined as positive im-
munohistochemical staining for Simian virus 40 (SV40) and a
significant level of BK virus copies/mL (>10 000 copies/mL) in
serum or plasma.

Immunosuppressive Regimens

Several different standard immunosuppressive protocols were
used during the study period; most commonly used induction
therapy was monoclonal IL-2 receptor blockers (basiliximab or
daclizumab) and methylprednisolone or methylprednisolone
alone, either followed by tacrolimus, cyclosporine A or other
immunosuppressive drugs. In addition, most patients received
mycophenolate mofetil. Almost all patients received prednis-
olone in tapering doses.

Antimicrobial Prophylaxis

All KTR received cefuroxime one dose of 1.5 g at transplanta-
tion and all SPK recipients received cefotaxime and ampicillin
for 2 days and caspofungin for 5-7 days. All CMV mis-matched
recipients received valacyclovir or valganciclovir prophylax-
is for 3-6 months. All recipients received trimethoprim/sulfa-
methoxazole one single strength tablet OD for 6 months. In
case of non-tolerance, pentamidine inhalations were admin-
istered monthly.

Statistical Analysis

A Cox proportional hazards model was used for analysis of
the following risk factors and their association with BKVAN
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development: recipient sex and age, CMV mismatch (donor+/re-
cipient-), enhanced induction and rejection treatment. For the
predictor variable “rejection treatment”, which was not pres-
ent at baseline but could arise during time of follow-up, the
corresponding hazard ratio was assessed dynamically using
only time after the administration of such treatment for de-
fining time at risk.

The risk of graft loss in relation to BKVAN was analyzed using
a Cox proportional hazards model, using BKVAN as a single-
predictor variable. The contribution of time before and after
BKVAN was separated on a study subject level. Continuous data
were presented as median with ranges. All analyses were con-
ducted in R version 3.5.1 using package survival version 2.42-3.
P values below 0.05 were considered significant.

Results

Patient Characteristics

In total, 977 transplantations performed in the 963 patients
who received a KTx or SPK were assessed for eligibility in the
study. Fourteen patients received more than one transplant
during the period. Forty-nine transplantations were exclud-
ed from the analysis dataset due to age <18 years (n=7), pri-
mary non-function (n=9), death within 6 months (n=14), al-
lograft loss within 6 months (n=18) or lost to follow-up within
6 months (n=1) (Figure 1). Hence, the analyzed cohort consist-
ed of 928 transplantations in 919 patients, followed for a me-
dian of 83 (range 6-169) months. The patient and transplant
characteristics are presented in Table 1, whereas patient sur-
vival from first transplantation and graft survival for all trans-
plants is presented in Figure 2.
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Table 1. Demographics and clinical characteristics of kidney- and kidney/pancreas graft recipients with and without BK virus-
associated nephropathy, n (%).

BKVAN 44 (4.7)

. TimetoBKVAN@) 239 (46-1039)

© Time of follow-up (m) 83 (6-169) 72 (19-144) 83 (6-169)
 Malesex 559  (60.2) 33 (75.0) 526 (59.5)
Paee 53.1 54.6 53.0
 Weight 75.9 77.5 75.8

" Heigt 1723 174.0 1723
et 25.5 25.5 25.5

" Diabetes 281 (30.3) 16 (36.3) 265  (30.0)

Glomerulonephritis 246 (26.5) 11 (25.0) 235 (26.6)
””””” Diabetes 219 (23.6) 13 (29.5) 206 (23.3)
77777777 Cystic/Hereditary/Congenital 163 (17.6) 6 (13.6) 157 (17.8)
77777777 Hypertension/Large vessel disease 97 (10.5) 7 (159 90 (102)
 Miscellaneousfunknown 88 (9.5) 5 (11.4) 83 (9.4)
””””” Interstitial nephritis/pyelonephrits 67 (7.2) 0 0 67 (7.6)
””””” Vasculitis/Secondary glomerulonephritis 35 (3.9) 0 0 35 (4.0)
77777777 Neoplasms/Tumers 13 (14) 2 (45) 11 (12)
 Simultaneous pancreastx 103 (11.1) 6 (13.6) 97 (11.0)
| aBOincompatible 93 (100) 6 (13.6) 87 (9.8)
Rt 789 (85.0) 37 (84.1) 752 (85.1)
Secondtx 7777777777777777777777777777777777777777777777777777777777777777 109 (11.7) 4 (9.1) 105 (11.9)
" Thidormoretx 30 (32) 3 (6.8) 7 (1)
LIVIﬂnghOI‘ 777777777777777777777777777777777777777777777777777777777777 350 (37.7) 13 (29.5) 337 (38.1)
| bonorage 51.1 51.9 51.0
" Donormalesex 419 (45.2) 21 (47.7) 398 (45.0)
RECIpIentCN\V+ 7777777777777777777777777777777777777777777777777777777 663 (71.4) 34 (77.3) 629 (71.2)
DOhOI’CN\V+ 777777777777777777777777777777777777777777777777777777777777 704 (75.9) 35 (79.5) 669 (75.7)
MV mismatch @+ 178 (19.2) 8 (18.2) 170 (19.2)
| Delayed praft function ) 21 24 21
" Enhanced inducion 138 (14.9) 7 (15.9) 131 (14.8)
inductionwithivig 93 (100) 6 (13.6) 87 (9.8)
ReJectlontreatment 7777777777777777777777777777777777777777777777777 208 (22.4) 18 (40.9) 190 (21.5)
 SMeresistant refection treatment 102 (11.0) 5 (11.4) 97 (11.0)
| Graftlossordeath 244 (26.3) 20 (45.5) 24 (25.3)
Death 202 (21.9) 16 (36.4) 186 (21.0)

The number of patients with rejection treatment in the BKVAN group in this table is both prior to, concurrent with, and after
developing BKVAN.
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Survival probability
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Figure 2. Kaplan-Meier plot of time to death from first tx (upper) and time to death or graft loss for all tx (lower). Created in R version

3.5.1 using package survival version 2.42-3.

Table 2. Multivariable Cox proportional hazards model of risk factors for BK virus nephropathy after kidney transplantation.

Male sex 2.02
 Enhanced inducton 2
A 100
 MVmismatth 0%
 Rejection treatment 122

1.02-4.00 0.044*
""""""""" 049259 o
""""""""" oss-135  oa1
""""""""" 042202 08w
""""""""" 0s9-251  os1

HR - hazard ratio; Cl — confidence interval; CMV — cytomegalovirus. * A P value of <0.05 was considered statistically significant.

Immunosuppressive Treatment
Induction Therapy

In this cohort, 875 patients (94.3%) received methylprednis-
olone and basiliximab as induction therapy, which was stan-
dard of care (SOC) in Uppsala at the time for the study. Forty-
seven patients (5.1%) received methylprednisolone alone, 5
patients (0.5%) received methylprednisolone and daclizumab,
and 1 patient (0.1%) was given basiliximab only.

Enhanced induction was administered to 138 patients, mostly
in addition to SOC. Of these, 93 were ABO-incompatible. The
standard treatment for ABO-incompatibility is glycosorb or in
some cases immunoadsorption and/or plasmapheresis as well
as IVlg and rituximab. The majority of all ABO-incompatible
patients received this treatment, except that some did not re-
ceive IVlg, and 1 patient received thymoglobulin in addition
to standard treatment and 13 patients received eculizumab,
2 of whom did not receive rituximab.
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Of the other 45 patients, 23 patients received rituximab. Of
these 23 patients, 1 also received thymoglobulin, 4 plasma-
pheresis, and 5 immunoadsorption. Three of them also re-
ceived IVIg. Twenty patients out of the 45 received thymo-
globulin. Of these, 5 patients also received eculizumab and 4
patients received plasmapheresis and IVIg. Of the other 2 of
the 45 patients, 1 received eculizumab only and 1 received
plasmapheresis only.

Maintenance Therapy

Calcineurin inhibitors were given as maintenance immuno-
suppression to 881 out of all 928 patients (94.9%), tacrolim-
us was given to 803/881 patients (91.1%), and cyclosporine A
was given to 78/881 patients (8.9%). Other immunosuppressive
drugs, for example belatacept and sirolimus, were given to 47
patients (5.1%). In addition, 830 patients (89.4%) received my-
cophenolate mofetil; in the tacrolimus group it was 732/803
(91.2%), in the cyclosporine A group it was 59/78 (75.6%), and
in the group with other immunosuppressive drugs it was 39/47
(83.0%). Almost all patients (903 [97.3%)]) received predniso-
lone in tapering doses.
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Risk Factors for BKVAN

In the Cox proportional hazards model, male sex was iden-
tified as a significant risk factor for developing BKVAN (HR
2.02, P=0.04). No statistically significant differences in risk
of BKVAN were found in relation to enhanced induction, age,
CMV mismatch (donor+/recipient-), or rejection treatment pri-
or to BKVAN (Table 2).

BKVAN and Graft Loss

In total, 44 patients developed biopsy-confirmed BKVAN, re-
sulting in an incidence of 4.7%. Median time to BKVAN was
4.8 months (1.5-34.2 months), and 34 of 44 (77.3%) were di-
agnosed within 1 year of transplantation. Patients who devel-
oped BKVAN experienced a significantly higher risk of graft
loss (HR 4.37, P>0.001). Censored for death, the median time
from BKVAN to graft loss was 38.4 months (8-119 months).

Immunosuppression in BKVAN patients was reduced at the
physician’s discretion.

In total, 25 out of 44 patients (56.8%) with BKVAN were treat-
ed with adjuvant cidofovir, and treatment was started after a
median of 17 days from diagnosis (0-203 days). The dose and
duration of the therapy was decided by the treating physician.
The majority received a dose of 0.5 mg/kg once a week during
a median of 7 weeks (1-20 weeks). The treated group did not
differ substantially from the untreated group with respect to
demographic data and renal function.

Discussion

In this single-center study, we present data on all patients
who received a kidney or a kidney pancreas transplant dur-
ing a 10-year period between 2005 and 2014 with the aim to
estimate the incidence of BKVAN prior to the introduction of
a BKV viremia surveillance program. Further, we investigat-
ed if patients with enhanced induction are at higher risk of
developing BKVAN, which could justify more intense surveil-
lance of this group.

There are several studies on risk factors for BK viremia but
only a few large studies with prospectively collected data on
risk factors for biopsy-verified BKVAN including multivari-
able analysis [19]. Of these, 1 study covered the years 1985
to 2005, a period when other immunosuppressive protocols
were used [23], while another included recipients with anti-
CD52, as induction therapy which is not widely used at oth-
er centers. A third comprised, in contrast to our study, chil-
dren only [23-25].
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The incidence of BKVAN of 4.7% in our study is in the range
reported by other investigators [5-7] and is even in line with
some other studies in which BKV screening was applied [24,26].
Our primary hypothesis was that enhanced induction therapy
would lead to more cases of BKVAN. Due to the inherent lim-
its of multivariable modeling in relation to the total number
of BKVAN events, we selected 5 risk factors, based on previ-
ous findings and biological rationale, to study in the Cox re-
gression analysis.

Enhanced induction was used in 138 (14.9%) of the patients,
but this was not associated with a significantly increased risk
of developing BKVAN. Most previous studies addressing the
association between enhanced induction immunosuppressive
therapy and BKV infection have shown a higher incidence of
BKV infection in ABO-incompatible recipients [27]. In a large
nation-wide study by Ko et al, desensitization therapy both
for ABO and HLA-incompability led to more early deaths due
to infection, but BKV infection was not described separately
in this study [28]. Toyoda et al did not find a higher rate of BK
viremia or BKVAN in HLA-desensitized recipients [29]. Radtke
et al found that neither induction nor maintenance immuno-
suppressive therapy influenced BK virus infection [30]. Their
conclusion was that when using modern low-dose concepts of
immunosuppression in kidney transplantation, the impact of
immunosuppression on the incidence of BK viremia is limited.

Other previously reported risk factors such as age or CMV se-
rostatus could not be verified in our cohort. Rejection before
the diagnosis of BKVAN was not identified as a significant risk
factor, but it was more common that patients were treated
for rejection after BKVAN diagnosis, which indicates that this
could be a down-stream event related to reduced immuno-
suppression. Also, in line with previous studies, patients with
BKVAN presented with an increased rate of graft loss com-
pared to patients without BKVAN.

The only factor associated with a significant risk increase
found in this study was male sex of the recipient. Male sex
has been shown to be a risk factor for BK viremia in sever-
al studies [19,31,32] and for BKVAN in some [7,14,33], but to
the best of our knowledge it is still not known by what mech-
anism this risk increase is mediated. There are some possible
explanatory models.

a) Anatomical BKV establishes a lifelong persistent infection
in the kidneys, and viral shedding occurs in the urine. BKV
has been shown to replicate in uroepithelium and in renal
tubular cells but has also been shown to be able to infect
other cells of the glomerular vascular unit such as podo-
cytes, endothelial and mesangial cells [34]. However, the
bulk of the BK virus replication seems to take place in the
uroepithelium [35]. The uroepithelium covers the lumen of
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the ureter, the bladder, and the proximal part of the ure-
thra. The length of the urethra is around 20 cm in the male
but only 3-5 cm in the female, which means that the male
urethra may contain more cells latently infected with BKV.
b) Pharmacokinetical/Pharmacodynamical High levels of BKV
DNAemia and BKVAN are associated with “over-immunosup-
pression”. This fact raises the question of whether men re-
ceive comparatively too-high doses of immunosuppressants.
The weight-normalized clearance of tacrolimus and cyclo-
sporine has been shown to be higher in women than in men
[36]. This finding emphasizes the importance of monitoring
tacrolimus levels. On the other hand, studies have shown a
higher clearance of MPA in men compared to women [36].
¢) Genetic In the last decade more and more evidence has
shown that men are immunologically more prone to severe
viral infections. This has become particularly clear during
the current COVID-19 pandemic [37] but it has also been
shown for other viral infections such as influenza, EBV, and
hepatitis B and C [38]. The reason for this is believed to be
that females have a stronger immunological response to vi-
ral infections, which has been suggested to be linked to the
presence of 2 X-chromosomes. Women are instead more vul-
nerable to autoimmune diseases and early rejection [36,39].

About half of the patients received treatment with cidofovir,
at the discretion of the responsible physician, to initiate treat-
ment. We could not observe any obvious differences between
patients with BKVAN receiving cidofovir treatment and those
who did not. Since cidofovir treatment was not randomly as-
signed, it was impossible to evaluate the benefits and risks
of this regimen in our study. IVIg can be used as a treatment
for BK virus infection, but in the patients in our material (93
patients and mainly ABO incompatible) who received IVIg as
part of their induction, 6.5% developed BK virus nephropathy,
which is more than in the cohort.

One limitation of our study is that only 44 BKVAN events were
captured, limiting the multivariable analysis. Another limita-

tion is the single-center design of the study, which could affect
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generalizability of results, as secular trends in methods, thera-
pies, and patient population might differ between transplan-
tation centers. A third limitation is that general screening for
BKV DNAemia was not implemented at our center at the time
of the study, which is why subclinical BKV DNAemia could have
gone undetected in both the BKVAN and non-BKVAN groups.
However, we believe our findings are relevant as, to the best
of our knowledge, this the largest multivariable analysis of risk
factors for biopsy-proven BKVAN. The loss to follow-up was
negligible and the primary end-point, BKVAN, is a reliable and
clinically relevant outcome. All patients with increased serum
creatinine levels and BK viremia were referred for a kidney
biopsy. The vast majority of patients had the same basal im-
munosuppressive therapy consisting of tacrolimus, MMF, and
prednisolone. Hence, the tendency of tacrolimus to be more
prone to lead to BKVAN than cyclosporine, as previous de-
scribed, was not expected to affect our results substantially.

Conclusions

BKVAN is a relatively uncommon complication to kidney and
kidney/pancreas transplant, but is associated with a consider-
able risk of graft loss. Male sex, but not enhanced induction,
appears to be a significant risk factor for developing BKVAN.
Hence, more intense BKV surveillance of patients receiving
enhanced induction does not seem justified in this setting.
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