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Objective: BK virus (BKV) infection is a significant concern for kidney transplantation (KT)
recipients, potentially leading to nephropathy and graft loss, particularly under intensive
immunosuppression. This study investigates the prevalence of BKV infection and its
associated risk factors following KT.

Materials and Methods: We conducted a retrospective cohort study on 322 KT recipients
undergoing routine follow-up in our unit. BKV infection was defined as either high-level BK
viruria (BKV DNA load in urine =10’ copies/mL) or BKV-associated nephropathy. Risk factors
were assessed using univariate and multivariate Cox regression analyses.

Results: BKV infection was diagnosed in 9.6% (n=31) of patients, with a median onset
of 8.7 months (range: 3.02-31.4). Recipients with BK virus infection were more likely
to have received kidneys from non-relative living donors (p=0.005). Smoking and
calcineurin inhibitor treatment were more prevalent among infected patients compared
to those without BKV infection (p=0.015 and p=0.034, respectively). Additionally, BKV-
infected patients experienced higher rates of acute rejection episodes (p=0.009) and all-
cause allograft loss (p=0.009). In univariate analysis, smoking (hazard ratio [HR]: 2.697,
p=0.007), diabetes mellitus (HR: 2.207, p=0.082), non-relative living donors (HR: 4.355,
p=0.001), and induction therapy with anti-thymocyte globulin (ATG) (HR: 2.146, p=0.082)
were identified as potential risk factors for infection. Smoking and non-relative living
donors were independent risk factors for BKV infection (HR: 2.100, p=0.046 and HR: 4.243,
p=0.019, respectively).

Conclusion: While immunosuppressive therapy is a well-recognized risk factor for BKV
infection, our study highlights smoking and non-relative living donors as independent risk
factors. Close monitoring of high-risk recipients and smoking cessation counseling should
be prioritized to mitigate BKV infection risk.
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INTRODUCTION
BK virus (BKV) infection represents a significant and
persistent challenge for patients undergoing kidney

transplantation (KT), particularly those receiving intensive
immunosuppressive treatment.! BKV remains latent in
immunocompetent individuals following initial infection, but
in transplant recipients, immunosuppression leads to viral
reactivation, often resulting in nephropathy. Therefore, BK
virus-associated nephropathy (BKVAN) is a substantial factor
in the development of allograft failure and kidney dysfunction
in KT recipients.? In the first year after KT, the prevalence of
BKVAN ranges from 1% to 10%, with graft loss rates in affected
patients reaching up to 50%.3#

BKV, a double-stranded DNA virus from the Polyomavirus
family, is non-enveloped with an icosahedral structure
and shares 70% genomic homology with simian virus 40
(SV40), for which immunohistochemical staining aids in
diagnosing BKVAN.®* Typically contracted during childhood,
the virus has a seroprevalence of 90% in adults and remains
latent in renal urothelial and tubular epithelial cells. In KT
recipients, BKV infection follows a sequential progression
from viruria to viremia, usually emerging within six weeks.®
Approximately 50% of patients with viremia develop BKVAN,
typically within the first year post-transplant, with the highest
incidence occurring between three and six months following
KT. Thus, current guidelines emphasize the importance of
ongoing monitoring and management of BKV infection after
transplantation to minimize long-term complications and
improve patient outcomes.’

Effective antiviral therapies for BKV infection are currently
unavailable beyond reducing immunosuppressive drugs.
The most effective strategy for preventing graft loss involves
implementing screening protocols for early diagnosis
and appropriate reduction of immunosuppression. This
approach allows BKV-specific T cell-mediated immunity to
be restored in recipients with persistent or increasing BK
viremia, thereby preventing nephropathy.® Recommended
strategies prioritize reducing the dosage of calcineurin
inhibitors (CNI) or antiproliferative drugs.” However,
minimizing immunosuppression increases the likelihood of
donor-specific antibody formation and elevates the risk of
both acute and chronic rejection. While treatments such as
intravenous immunoglobulin (IVIG), quinolones, cidofovir,
and leflunomide have shown varying levels of effectiveness in
managing BKV infection, their therapeutic benefits remain a
subject of debate.™

Recipient, donor, and immune system-related factors play a
crucial role in the development of BK viremia. Additionally,
intensiveimmunosuppressive therapy is a well-established risk
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KEY MESSAGES

+ In the long-term follow-up, KT recipients with BKV
infection experienced higher rates of acute rejection
episodes and all-cause allograft loss.

+ Smoking and non-relative living donors were identi-
fied as independent risk factors for BKV infection.

« Al KT recipients who smoke should be encouraged to
quit smoking.

factor for BKVAN."' This study aimed to assess the prevalence of
BKV infection at our center, explore the therapeutic strategies
used, and identify risk factors associated with BKV infection in
KT recipients.

MATERIALS AND METHODS
Study Population and Data Collection

We conducted a retrospective cohort study that included 322
KT recipients from our transplantation unit, all undergoing
routine follow-up. The demographic and clinical data collected
includedsex,age,comorbidities (suchashypertension,diabetes
mellitus, and new-onset diabetes post-transplantation),
smoking status, causes of end-stage renal disease (ESRD),
transplantation date,donor type (living or cadaveric),induction
treatment, delayed graft function (defined as the need for
dialysis within the first week of KT), immunosuppressive
regimens, rejection episodes, and allograft loss. Additionally,
laboratory parameters were assessed, including proteinuria,
estimated glomerular filtration rate (eGFR), and urine BKV viral
loads. Laboratory values obtained at the third month post-
transplant were considered baseline values for KT recipients.
The estimated glomerular filtration rate was calculated using
the creatinine-based formula from the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI).'? The institutional
review board approved the study design and procedures in
accordance with the principles of the Declaration of Helsinki
and ethical standards for human research (Gazi University
Ethics Committee, Protocol ID: 2021/979, Date: 02.11.2021). As
this was a retrospective study and all procedures were part of
standard care, informed consent was not required.

Immunosuppression Treatments

The decision on induction therapy (none, basiliximab, or anti-
thymocyte globulin) was based on the immunological risk of
the recipients. In our unit, induction therapy with basiliximab
was administered at a dosage of 20 mg on days 0 and 4, while
the standard regimen for anti-thymocyte globulin (ATG)
was 1.5 mg/kg for 4-7 days. All patients received 500 mg of
intravenous methylprednisolone on the day of surgery. The
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dose was halved on subsequent days and then switched
to 20 mg of oral prednisolone daily. The prednisolone
dose was gradually reduced by 5 mg every two weeks
until a maintenance dose of 5-10 mg was reached. Unless
contraindicated, all patients continued to receive at least 5
mg of prednisolone during routine follow-up. Maintenance
therapy consisted of a combination of prednisolone and
a CNI, such as tacrolimus or cyclosporine, along with an
antimetabolite, either mycophenolate mofetil (MMF) or
azathioprine. In cases of intolerable side effects, mammalian
target of rapamycin inhibitors (mTORi) were used.

Definition and Screening of BKV Infection

At our institution, BKV-DNA levels in urine were monitored
using quantitative polymerase chain reaction (gPCR) at
systematically scheduled intervals. Monitoring was performed
monthly during the first three months post-transplant
and then every three months until the end of the first year.
Additionally, measurements were taken when an allograft
biopsy was warranted or when kidney allograft dysfunction
was suspected.

BKV infection was defined by the presence of high-level BK
viruriain urine orthe occurrence of BKVAN. High-level BK viruria
was characterized by a BKV DNA load in urine of =107 copies/
mL. Kidney biopsies were performed to diagnose BKVAN if a
persistent increase in urine BKV DNA levels of =107 copies/mL
was detected in two readings at least two weeks apart. The
diagnosis of BKVAN was confirmed through histopathological
examination and positive immunohistochemical staining
using immunoperoxidase for SV40 antigen.

Statistical Analysis

KT recipients were categorized into two groups based on the
presence or absence of BKV infection. Demographic data,
laboratory parameters, and transplantation-related factors
were then compared between these groups. Numerical data
were summarized using descriptive statistics according to
their distribution. Variables with a normal distribution are
presented as means with standard deviations, while those
without a normal distribution are reported as medians
with interquartile ranges. Nominal data are described using
counts (n) and percentages (%). The Mann-Whitney U test was
applied to numerical variables that did not follow a normal
distribution, while the independent samples t-test was used
for normally distributed variables to compare the groups. For
nominal variables, the Chi-square or Fisher’s exact test was
utilized. Cox regression analyses were conducted to identify
independent risk factors associated with BKV infection.
When selecting variables for the Cox regression analysis,
their clinical significance regarding BKV infection was
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carefully assessed. Potential risk factors were identified by
reviewing previous studies and relevant literature. Variables
with a p-value of less than 0.1 in the univariate analysis
were selected for inclusion in the multivariate analysis. A p
value of <0.05 was considered the threshold for statistical
significance. All statistical analyses were conducted using
SPSS software, version 20.0 (IBM Corp., Chicago, IL, USA).

RESULTS

A total of 322 patients were included in this analysis, with a
median follow-up duration of 116 (78-169) months. During
routine follow-up, 9.6% (n=31) of participants developed
BKV infection. The study cohort comprised 35% female
participants, with a median age of 45 (37-56) years. The
use of ATG for induction therapy was more common in
recipients who developed BKV infection (64% vs. 40%,
p=0.007). Relative living donors were more prevalent among
patients without BKV infection (59% vs. 29%, p=0.001),
while non-relative living donors were more common among
recipients with BKV infection (39% vs. 18%, p=0.005).
Furthermore, recipients with BKV infection demonstrated a
higher prevalence of smoking (42% vs. 22%, p=0.015) and
CNI treatment (100% vs. 87%, p=0.034). KT recipients with
BKV infection experienced higher rates of rejection episodes
(32% vs. 14%, p=0.009) and all-cause graft failure (29% vs.
12%, p=0.009) during routine follow-up. Additionally, the
eGFR of recipients with BK virus infection were 48 (10-59),
compared to 66 (44-83) mL/min/1.73 m? in those without
infection at the last follow-up (p=0.002). Other demographic
characteristics remained comparable across the study
population, as detailed in Table 1.

The median urine BK virus polymerase chain reaction (BKV-
PCR) level at diagnosis was 1.8 x 108 copies/mL (2.2 x 107 -
7.6 x 108). The median time to BKV infection was 8.7 (3.02-
31.4) months, with 55% (n=17) of cases emerging within
the first year post-transplant. The median time for urine BK
viruria to become negative was 4 (3-8) months. A total of
six (19%) recipients with BKV infection lost their allograft
function. Immunosuppressive doses were reduced in 26
(84%) patients, while in five (16%) patients, antimetabolite
treatment was switched to mTORi. Additionally, six (19%)
patients received fluoroquinolones, six (19%) were treated
with IVIG, one (3%) received leflunomide, and one (3%)
was given cidofovir. Immunosuppressive management and
therapeutic approaches for BKV infection in KT recipients
are shown in Figure 1.

Possible risk factors for BKV infection in KT recipients,
including male sex, age, smoking, diabetes mellitus,
preemptive transplantation, delayed graft function, donor
source, induction therapy, maintenance immunosuppressive
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Table 1. Demographic characteristics and clinical outcomes of patients with BK virus infection

Total No BKV infection BKV infection p*
n=322 n=291 (90.4%) n=31(9.6%)

Age at transplantation (years) 45 (37-56) 45 (37-56) 49 (34-55) 0.943
Female sex, n (%) 114 (35) 107 (37) 7 (23) 0.116
DM, n (%) 35(11) 29(10) 6(19) 0.126
HT, n (%) 231 (72) 207 (71) 24 (77) 0.535
CAD, n (%) 35(11) 30(10) 5(16) 0.322
NODAT, n (%) 56 (17) 52 (18) 4(13) 0.488
Smoking status, n (%) 78 (24) 65 (22) 13(42) 0.015
Cause of ESRD, n (%)

HT 30(9) 27 (9) 3(10) 1.000

DM 21(7) 17 (6) 4(13) 0.130

Glomerulonephritis 68 (21) 65 (22) 3(10) 0.111

Urological abnormalities 24 (8) 22 (8) 2 (6) 1.000

Other causes 104 (32) 93 (32) 11 (35) 0.690

Unknown etiology 75 (23) 67 (23) 8 (26) 0.728
Dialysis duration (years) 3(1.5-7) 3(1.5-7.5) 5(2.5-10) 0.136
Donor type, n (%)

Living-related 181 (56) 172 (59) 9(29) 0.001

Living-unrelated 63 (20) 51(18) 12 (39) 0.005

Deceased donor 78 (24) 68 (23) 10 (32) 0.275
Induction therapy, n (%)

No induction 100 (31) 93 (31) 7 (23) 0.283

Basiliximab 87 (27) 83 (29) 4(13) 0.087

ATG 135 (42) 115 (40) 20 (64) 0.007
Preemptive transplantation, n (%) 86 (27) 76 (26) 10(32) 0.463
Delayed graft function, n (%) 34(11) 30(10) 4(13) 0.552
IS therapy, n (%)

CNI 285 (88) 254 (87) 31(100) 0.034

Antimetabolites 276 (86) 248 (85) 28 (90) 0.593

mTORi 61(19) 58 (20) 3(10) 0.228
eGFR at baseline (mL/min/1.73 m?) 73 (59-91) 73 (58-92) 66 (57-85) 0.430
Proteinuria at baseline (mg/24h) 250 (172-430) 241 (170-408) 321 (181-430) 0.275
Rejection episode, n (%) 51(16) 41 (14) 10(32) 0.009
eGFR at last follow-up (mL/min/1.73 m?) 63 (40-82) 66 (44-83) 48 (10-59) 0.002
Allograft loss, n (%) 44 (14) 35(12) 9(29) 0.009
Follow-up duration (months) 116 (78-169) 118 (80-179) 79 (45-121) 0.001

ATG: Anti-thymocyte globulin; CAD: Coronary artery disease; CNI: Calcineurin inhibitors; DM: Diabetes mellitus; ESRD: End-stage renal disease; HT: Hypertension; IS:
Immunosuppressive treatment; eGFR: Estimated glomerular filtration rate; mTORi: Mammalian target of rapamycin inhibitors; NODAT: New-onset diabetes after
transplantation; *: The p-values indicate statistical comparisons between the “No BKV Infection” and “BKV Infection” groups.
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H Switch

H Reduction

Cidofovir  Leflunomide

3.2% (n=1) 3-2% (n=1)

Fluoroquinolones
19.4% (n=6)

IVIG
19.4% (n=6) None

54.8% (n=17)
*None *IVIG - Fluoroquinolones - Cidofovir =Leflunomide

Figure 1. Immunosuppressive management and therapeu-
tic approaches for BK virus (BKV) infection in kidney trans-
plant recipients.

treatments (CNIand antimetabolites), and rejection episodes
in the first six months post-transplant, were analyzed using
Cox regression analysis. Univariate analysis identified several
potential risk factors, including smoking (hazard ratio [HR]:
2.697, 95% confidence interval [Cl]: 1.320-5.514), diabetes
mellitus (HR: 2.207, 95% Cl: 0.904-5.390), use of non-
relative living donors (HR: 4.355, 95% Cl: 1.831-10.360), and
induction therapy with ATG (HR: 2.146, 95% Cl: 0.907-5.077).
However, in the multivariate analysis, only smoking and
the use of non-relative living donors remained statistically
significant. The respective HRs for these factors were 2.100
(95% CI: 1.012-4.360; p=0.046) and 4.243 (95% Cl: 1.264-
14.239; p=0.019) (Table 2).

DISCUSSION

In our study, the prevalence of BKV infection among KT
recipients was 9.6%. Patients with BKV infection had shorter
follow-up periods compared to those without infection.
Moreover, these patients experienced higher rates of
rejection episodes and allograft failure in long-term follow-up.
Additionally, our study identified non-relative living donors
and smoking habits as independent risk factors for BKV
infection. These findings highlight the association between
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specific donor types and lifestyle factors, such as smoking,
with an increased risk of BKV infection in KT recipients.

This study revealed that 9.6% of KT recipients developed BKV
infection, with a median diagnosis time of 8.7 months. Notably,
previous studies by Chan et al. (20.9%), Dogan et al. (15.8%), and
Skulratanasak et al. (30%) have reported a higher prevalence
for BKV infection than our study.”®'* These disparities across
different centers may be attributed to variations in the
definitions of infection used in these studies. For instance, the
inclusion of patients with low urine BKV levels in the study
by Skulratanasak et al. may have contributed to the higher
reported BKV infection rates among their patients. Additionally,
differences in immunosuppressive protocols among medical
centers may explain the variability in prevalence. In the
TRANSFORM study (Trial to Reduce Immunosuppression
Following Living Donor Kidney Transplantation), researchers
found lower rates of cytomegalovirus (CMV) and BK virus
infections in recipients treated with everolimus combined
with reduced exposure to CNI compared to standard therapy.'®
The immune status of KT recipients plays a crucial role in the
development of BKV infection.

Potent immunosuppressive regimens used post-transplant
are believed to contribute to BKVAN and allograft kidney
damage.” In the mid-1990s, new immunosuppressive agents
such as tacrolimus and mycophenolate were introduced, and
the frequency of BKVAN, previously a rare clinical problem in
KT, began to rise. Over the years, it has become increasingly
clear that immunosuppressive treatment regimens play a
critical function in the emergence of BKVAN. Therefore, the
American Society of Transplantation recommends reducing
immunosuppressive treatment in KT recipients with two
approaches formanaging BKV infection. One approach involves
initially decreasing the dose of CNI by 25% to 50%, followed
by a 50% reduction in MMF until discontinuation. The other
approach suggests initially reducing MMF by 50%, followed by
a 25% to 50% reduction in CNI, with eventual discontinuation
of MMF.¢ We found that ATG treatment for induction and CNI
treatment post-transplant were more prevalent in patients
with BKV infection. Consistent with these guidelines, our
primary approach to managing BKV infection was adjusting
immunosuppressive medication doses in affected patients.

Additionally, allograft loss was observed in 29% of our
patients during long-term follow-up. Similarly, Gras et al.'®
reported that 34% of patients lost their allograft, mainly
due to BKV-induced graft dysfunction or chronic humoral
rejection during follow-up.Theyalso found that afterreducing
immunosuppressive therapy, the acute rejection rate was
higher than that of matched controls (13.8% vs. 3%, p=0.003).
The increase in acute rejection and allograft loss observed in
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Table 2. Univariate and multivariate analysis of risk factors for BK virus infection

Univariate analysis p
(HR, 95% ClI)

Multivariate analysis p
(HR, 95% ClI)

Male sex 1.911 (0.823-4.434) 0.132
Age 0.994 (0.967-1.022) 0.677
Smoking status 2.697 (1.320-5.514) 0.007 2.100 (1.012-4.360) 0.046
DM 2.207 (0.904-5.390) 0.082 1.893 (0.768-4.664) 0.166
Preemptive transplantation 1.496 (0.703-3.183) 0.296
Delayed graft function 1.114 (0.389-3.188) 0.840
Donor type
Living-related
Living-unrelated 4.355 (1.831-10.360) 0.001 4.243 (1.264-14.239) 0.019
Deceased donor 2.247 (0.912-5.540) 0.079 1.745 (0.460-6.624) 0413
Induction therapy
No induction
Basiliximab 0.576 (0.168-1.968) 0.379 0.300 (0.073-1.236) 0.095
ATG 2.146 (0.907-5.077) 0.082 0.950 (0.253-3.568) 0.939
CNI treatment 24.936 (0.252-2470.208) 0.170
Antimetabolite therapy 1.757 (0.533-5.791) 0.355
Rejection episode (first 6 months post-transplantation) 2.007 (0.609-6.618) 0.252

HR: Hazard ratio; CI: Confidence interval; ATG: Anti-thymocyte globulin; CNI: Calcineurin inhibitors; DM: Diabetes mellitus.

patients with BKV infection in our study may be attributed
to this phenomenon. Although immunosuppression was
reduced to prevent allograft loss due to BKV infection, the risk
of rejection episodes and allograft failure during long-term
follow-up may have increased. These findings highlight the
potential for acute allotransplant rejection, which should be
carefully considered during follow-up. In particular, patients
with increasing serum creatinine levels despite a decreasing
viral load should be evaluated for a renal biopsy.

Our analysis identified non-relative living donors and smoking
as independent risk factors for BKV infection. These findings
may be linked to greater human leukocyte antigen (HLA)
incompatibility in transplants from unrelated donors. Previous
studies have demonstrated that HLA mismatching increases the
likelihood of developing BKVAN.'®? Schnitzler et al.?' reported
similar findings for CMV, showing that kidney transplant
recipients with HLA-DR mismatches had a higher incidence of
CMV disease. This suggests that the degree of HLA compatibility
could be a crucial factor in susceptibility to viral infections post-
transplantation. On the other hand, patients with better HLA
compatibility may have an advantage, as they are less likely to
require intensive immunosuppressive treatment.
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The harmful effects of smoking are well-documented
in individuals with chronic kidney disease, including KT
recipients.?? Research has shown that smoking directly damages
the kidneys through oxidative stress-induced nephrotoxicity
and indirectly contributes to kidney injury by exacerbating
risk factors such as hypertension and diabetes.” 2* Smoking
is widely recognized as a contributing factor to numerous
infectious diseases, particularly those affecting the respiratory
system.?> Moreover, smoking has been identified as a risk factor
for urinary tract infections, especially those associated with
catheter use and pregnancy.?**” Ma et al.? previously reported
that tobacco smoking significantly alters the composition of
the urinary tract microbiome, with a more pronounced effect
in patients with bladder cancer. Thus, it is plausible to suggest
that these microbiome changes could potentially facilitate
BKV infection in the immunosuppressed environment of KT
recipients. To the best of our knowledge, this is the first study
to identify smoking as a risk factor for BKV infection.

The main limitations of this study stem from its retrospective
and single-center design, which inherently limits the
generalizability of the findings. The sample size was restricted
to patients from a single institution, resulting in a relatively
small cohort that may not fully represent the broader patient
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population. Moreover, the study’s ability to comprehensively
evaluate patients was limited by the small number of allograft
biopsies, which were only performed in patients with clinically
significant BKVAN and rejection. This approach may have
overlooked subtle or less severe cases of rejection or BKVAN
that with a more comprehensive biopsy protocol could have
detected. Furthermore, the absence of routine serum BKV-
DNA testing by PCR at our institution prevented consistent
viral load monitoring across all patients. Routine testing could
have provided valuable data for assessing the relationship
between viral activity and graft outcomes. Finally, some
missing HLA data prevented a thorough analysis of potential
correlations between HLA mismatches and the development
of BKV infection, further limiting the depth of our analysis.

CONCLUSION

In conclusion, balancing immunosuppressive therapies with
the risk of allotransplant rejection and BKV infection is essential
for the management of KT recipients. Regular monitoring and
adjusted immunosuppression are crucial to preventing BKV
infection after transplantation. Non-relative living donors and
smoking are significant determinants of BKV infection. All KT
recipients who smoke should be encouraged to quit smoking.
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