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Abstract 
Background: Polyomavirus BK-associated nephropathy is a challenging and increasingly recognized cause of kidney transplant morbidity 
and graft failure. Reported prevalence can vary significantly between centers, averaging 5%. Patients and Methods: The paper reports the 
clinical and pathologic findings in five patients with BK virus-induced nephropathy. We performed a retrospective study including adult 
patients with graft dysfunction admitted to our department between 2010–2013. Clinical and biological data were obtained every month during 
the follow-up period. The biopsies were performed in case of graft dysfunction. All biopsy specimens were examined in light microscopy, 
immunofluorescence and electronic microscopy. Results: We studied 44 graft biopsies, and we found typical histological findings of polyoma BK 
nephropathy in five (11.4%) cases. All patients received immunosuppressive regimen based on calcineurin inhibitors, Mycophenolate Mofetil 
and Prednisone. Four of them were on Tacrolimus-based protocol and one patient was on Cyclosporine regimen. Age of transplant at 
diagnosis varied between 2 and 113 months (patient on Cyclosporine). In all cases, the BK virus nephropathy diagnostic was established taking 
into account histological findings, all patients presenting intranuclear viral inclusions seen on light microscopy and electronic microscopy. 
During the follow-up period, the renal dysfunction worsened in two of the five patients, one of them evolving towards ESRD, even though 
we minimized the immunosuppressive treatment and administered intravenous immunoglobulin. Conclusions: The prognostic for BK virus 
nephropathy patients is reserved. Histological picture of BK virus nephropathy is similar to the one of graft rejection, differential diagnosis 
being difficult in the absence of viral inclusions evidence. 
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 Introduction 

BK virus-induced nephropathy is an increasingly 
recognized cause of kidney transplant morbidity and failure 
[1–4]. It is caused by the BK virus a member of the 
polyomaviridae class [5, 6]. First case of BK infection 
was reported in 1971 in a renal transplant recipient who 
presented with ureteral obstruction. His initials were BK 
[7]. Later in 1983, Rosen et al. report a fatal case of sepsis 
with isolates positive for BK virus in a child with hyper-
immunoglobulin M immunodeficiency, renal pathology 
reveals the first case of associated tubulointerstitial nephritis 
[8]. In 1995, the first case of interstitial nephritis associated 
with BK virus is reported and named BK nephropathy 
[9]. Reported prevalence can vary significantly between 
centers, probably depending on the immunosuppressive 
regime used, averaging 5% [1–4, 10]. Overall, the reported 
incidence of allograft failure ranges from 15 to 50% of 
affected individuals [2–4, 11, 12]. 

 Patients and Methods 

Study design 

This is a retrospective single-center study. Data were 
obtained at the moment of renal biopsy and every month 
thereafter. 

Patients 

All consecutive patients with graft dysfunction and 
renal biopsy performed on admitted to our department 
were considered for inclusion. All patients were treated 
with immunosuppressive therapy and corticosteroids, 
according to the underlying condition. 

Study parameters 

The estimated glomerular filtration rate, serum 
creatinine, proteinuria (24 hours urine collection) and 
serum albumin were measured at study moments. 

All the assays were performed in “Fundeni” Clinical 
Institute laboratories, Bucharest, Romania. 

Protocol for pathological examination 

Histological samples obtained through kidney biopsy 
were analyzed by optical microscopy (OM), immuno-
fluorescence (IF) and electronic microscopy (EM) at  
the “Victor Babeş” National Institute of Research and 
Development in Pathology and Biomedical Sciences, 
Bucharest. 

The samples (only one biopsy fragment per patient) 
have been harvested with GBL 16 G guillotine needles, 
rapidly placed in saline, and divided as follows: 2 mm 
of tissue ends were separated with a sharp razor blade 
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and placed in 4% buffered glutaraldehyde, while the 
middle part was placed in a cryostat for frozen sections 
after being checked for glomeruli with a stereomicroscope. 

The frozen sections have been stained with FITC-
conjugated antibodies for routine diagnostic. The 1-mm3 
fragments fixed in glutaraldehyde for over four hours, 
have been later washed overnight in cacodylate buffer, 
and post-fixed for one hour in 1% osmium tetroxide. 
This procedure was followed by the classical technique 
of dehydration in alcohols and embedding in Epon. 

The semithin Toluidine Blue stained sections have 
been used for light microscopy examination, and next 
oriented thin sections were prepared for electron 
microscopy. The ultrathin (60 nm thick) have been 
double stained with uranyl acetate and lead citrate 
(Reynolds solution). The examination was performed 
with a JEM-1011 electron microscope. The images were 
captured with a Megaview G2 CCD camera, and the 
resolution was enhanced through the iTEM multiple 
image alignment. 

Statistical analysis 

Normally distributed variables were expressed as mean 
and standard deviation. Non-parametric variables were 

described as median (lower quartile and upper quartile). 
Statistical analyses were performed with SPSS for 
Windows version 17.0 (SPSS, Inc., Chicago, IL, USA). 

 Results 

Clinical features 

Between 2010 and 2013, we performed 44 renal graft 
biopsy in patients with allograft failure. Renal grafts 
were harvested from living-related donors in all cases. 
Donor mean age was 51.8±13.4 years and two of them 
were over 60 years. Donor male to female ratio was 1:4. 
Recipient mean age was 44.2±6.6 years and male to 
female ratio was 4:1. 

The clinical presentation, treatment, and outcomes 
of patients with BK virus-induced nephropathy are 
summarized in Table 1. The cohort consisted of four men 
and one woman with a mean age of 44.2 years (range 36 
to 50 years). The baseline proteinuria and serum albumin 
were 1.32±1.1 g/day and 3.46±0.5 g/dL, respectively. 
The renal function was only marginally impaired (eGFR 
74±19.4 mL/min./1.73 m2). The median follow-up was 
14 [IQR 5–20] months per patient (Table 1). 

Table 1 – Patients characteristics 

Patient No. 
 

1 2 3 4 5 

Donor age [years] 61 37 41 69 51 

Donor gender (M:F) F F F M F 

Donor type (living: deceased) living living living living living 

Recipient age [years] 36 50 49 38 48 

Recipient gender (M:F) M M F M M 

Proteinuria [g/day] 0 2.5 0.4 1.6 2.1 

Serum albumin [g/dL] 3 4.2 3.5 3.1 3.5 

Serum creatinine [mg/dL] 2.8 2.13 2.6 3.5 2.5 

eGFR [mL/min./1.73 m2] 26 33 20 20 28 

Treatment 
Tacrolimus/MMF/
Pred/Basiliximab 

(induction) 

Recent switch from 
Sirolimus to 

Cy/MMF/Pred 

Tacrolimus/MMF/
Pred/Basiliximab 

(induction) 

Tacrolimus/MMF/ 
Pred/Basiliximab 

(induction 

Tacrolimus/MMF/
Pred/ATG 
(induction) 

Age of transplant [months] 2 113 8 20 13 

Viremia negative positive positive positive positive 

Length of follow-up [months] 20 8 3 14 20 

Follow-up proteinuria [g/day] 0.7 3.2 1.5 1.5 1.2 

Follow-up creatinine [mg/dL] 2.54 3.3 6.5 4.8 3 

Follow-up eGFR [ml/min./1.73 m2] 29 20 10 14 22 

M – Male; F – Female; Pred – Prednisone; Cy – Cyclosporine; MMF – Mycophenolate Mofetil; eGFR – Estimated glomerular filtration rate. 
 

Pathologic features 

Renal biopsy findings are detailed in Table 2. Sampling 
for light microscopy included a mean of five glomeruli 
(range three to nine glomeruli), and a mean of 25% of 
glomeruli were globally sclerotic. All biopsies showed 
features of BK virus-induced nephropathy (Figure 1). 

Light microscopic findings of BK nephropathy, 
including intranuclear viral inclusions, were evident in 
all cases (Figure 1). The degree of tubular atrophy and 
interstitial fibrosis ranged from mild (affecting 1% to 
25% of the cortex; one patient) to moderate (affecting 
25% to 50% of the cortex; four patients). Interstitial 
inflammation was present in all biopsies, ranged from 
focal to diffuse, and was often accompanied by tubular 
degenerative changes. Tubulitis was present in all biopsies. 

Arteriosclerosis and arteriolar hyalinosis were documented 
in two biopsies (Table 2). 

IF revealed granular, segmental to global glomerular 
capillary wall positivity in all patients for C3c. Weaker 
staining for IgA, IgG, IgM, C1q, κ, λ was detected in 
one, two, three and five patients, respectively. In one 
patient (No. 2), there was focal, granular positivity for 
IgM in tubular basement membranes (Table 2). 

EM was performed in all patients and showed features 
of BK nephropathy, including intranuclear viral inclusions, 
were evident in all cases (Figure 2). None of the biopsies 
revealed mesangial deposits or proliferations. The severity 
of podocyte involvement evaluated by the degree of foot 
process effacement was mild in all patients. Peritubular 
capillaries with lamination of basement membrane were 
identified in two patients (Nos. 1 and 2). 
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Table 2 – Renal biopsy findings 

Patient No. 
 

1 2 3 4 5 

Light microscopy  

Gloms/sclerotic gloms 4/0 3/1 9/0 3/0 10/0 

Tubular atrophy and interstitial fibrosis mild moderate moderate mild mild 

Tubulitis yes yes yes yes yes 
Interstitial mononuclear or polymorphonuclear 

cell infiltrates 
moderate moderate moderate moderate mild 

Intranuclear viral inclusions yes none yes yes yes 

Vascular disease moderate mild none none none 

Immunofluorescence  

IgA - 1+ - - - 

IgG 1+ - - - 1+ 

IgM 1+ 2+ - - 1+ 

C1q - 2+ - - - 

C3c 3+ 1+ 1+ 1+ 2+ 

C4d 1+ 2+ 1+ - - 

Kappa - - - - - 

Lambda 1+ - - - - 

Electron microscopy  

Mesangial deposits none none mild none none 

Foot process effacement none moderate none mild none 

Intranuclear viral inclusions yes yes yes yes yes 

BK-induced nephritis Pattern A B B A A 

Scale: trace (0.5%), 1–3+ 

 
Figure 1 – Light microscopy on semithin sections of Epon-embedded kidney biopsy colored with Toluidine Blue:  
(A) Rich interstitial infiltrate with plasma cells; (B) Higher magnification on square marked area in (A) shows 
amorphous ground glass inclusion body (arrow) and granular inclusion (arrowhead) in nuclei of the tubular epithelial 
cells; (C and D) Various aspects of polyomavirus in tubular epithelial cells with ground glass nuclei (arrows). 
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Figure 2 – Electron microscopy shows discrete (+, A), dense (++, B) or crystalloid aggregates (+++, C) viral particles 
in the nuclei of tubular epithelial cells. (D) Higher magnification from crystalloid aggregate in (B) shows polyoma-
viruses (30 to 50 nm in diameter). 

Outcome 

Clinical follow-up was available for all five patients. 
The median duration of follow-up was 14 [IQR 5–20] 
months (Table 1). All patients received triple immuno-
suppressive therapy regimens, including Mycophenolate 
Mofetil, calcineurin inhibitors and steroids. Treatment 
data were available in Table 1. At the time of renal biopsy, 
four out of five patients were under induction treatment 
with Basiliximab (three patients) and rabbit anti-thymocyte 
globulin (one patient). 

In all five patients, the immune-suppressive therapy 
was minimized, and three of them received intravenous 
immunoglobulin therapy. Antiviral regimen was not 
available for any of the BK virus nephropathy patients. 

Despite therapy, one (No. 3) of the five patients 
progressed to ESRD during the period of available 
follow-up and in patient No. 2, creatinine level increased 
from 2.1 to 3.3 mg/dL and proteinuria increased from 2.5 
to 3.2 g/day over eight months. Among the remaining 
three patients (Nos. 1, 4 and 5) treatment led to stabili-
zation of renal function. 

 Discussion 

Polyomavirus infection started to emerge as a relevant 
complication of renal transplantation towards the mid-
90’ when triple immunosuppressive therapy regimens were 
introduced [13–15]. The incidence of BK nephropathy in 
renal transplant patients correlates directly with the degree 

of immunosuppression. Despite of this, an association 
between a particular immunosuppressant drug or combi-
nation of drugs and BK nephropathy has not yet been 
established. In our study, at the time of graft biopsy, 
four out of five patients were under induction treatment 
with Basiliximab (three patients) and rabbit anti-thymocyte 
globulin (one patient). 

BK nephropathy is caused by the BK virus, a member 
of the polyomaviridae class. Other members of the 
polyomaviridae class are the JC virus and the simian virus 
SV40, with whom the BK virus shares a significant 
sequence homology. The polyomaviruses are small, non-
enveloped, double-stranded, circular DNA viruses [1, 16]. 
BK virus attaches itself to the cellular surface glycoproteins 
containing sialic acid motifs. After insertion into the 
cellular genome, the virus multiplies and accumulates  
in the nucleus creating the atypical or ground glass 
appearance of the nuclei of the tubular cells, which get 
shed in the urine as decoy cells. The viral replication can 
lead to cell death, lysis of the membrane and release of 
infective virions [16]. Primary infections seem to occur 
in the early childhood via oral and/or respiratory exposure 
[6]. 65–100% of the population revealed serological 
evidence of antibodies against the BK virus suggesting 
prior infection [1, 3]. It is believed that the virus remains 
latent in the renal epithelium and possible in the lymphoid 
organs and that it might be reactivated in immuno-
compromised states like diseases that require the use of 
immunosuppressive drugs or cancer [1, 2]. 
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Detection of plasma viral replication through quanti-
tative or real time polymerase chain reaction (PCR) has 
proven superior to urine testing for the diagnosis of BK 
infection in renal transplant patients [11, 15]. BK viral 
infections progress through detectable stages. Urinary 
viral replication precedes BK viremia by approximately 
four weeks [11]. Histological changes in BK nephropathy 
start to be noticeable 12 weeks after BK virus has been 
sheded in urine [1, 11]. Patients who have undergone 
renal transplant and have high levels of BK viral DNA 
in their urine, will be more likely to have high viral 
plasma DNA levels. The presence of persistent viremia 
precedes the clinical signs of nephropathy. 

The disease does not appear early; it usually takes at 
least a few months for clinical symptoms to develop [11]. 
Many cases are diagnosed years following transplantation. 
In our cohort, the medium age of transplant was 31.2 
months, two patients being in the first year after 
transplantation and one patient having more than two 
years from transplantation moment. 

BK virus nephropathy is associated with specific 
histological findings on graft biopsy. They include: intra-
nuclear basophilic viral inclusions without a surrounding 
halo, tubulitis, interstitial mononuclear or polymorpho-
nuclear cell infiltrates in the areas of tubular damage, 
tubular injury [16–18]. 

Renal graft biopsy is necessary for the definitive 
diagnosis of BK nephropathy. For a correct diagnosis of 
BK-associated interstitial nephritis it is preferred that 
the fragments of the kidney biopsy also contain medulla 
[9]. Three patterns have been proposed to describe the 
histological findings in patients with BK virus nephropathy: 
cytopathic and/or cytolytic changes with absent or minimal 
inflammation (Pattern A), cytopathic and/or cytolytic 
changes with focal or diffuse tubulointerstitial infla-
mmation and atrophy (Pattern B) and graft sclerosis 
(Pattern C) [19, 20]. 

In more than 50% of cases, the histological pattern  
is similar to that of acute graft rejection. Generally, the 
presence of extended areas of tubulitis found at a distant 
site from the viral cytopathic changes suggests the 
association of an acute graft rejection to the BK nephro-
pathy [11]. The combined presence of endartheritis, 
fibrinoid vascular necrosis, glomerulitis and C4d deposits 
along peritubular capillaries is a definite proof of an 
acute rejection developing in conjunction with the BK 
nephropathy [21]. The literature reports only one case of 
a patient with simultaneous BK nephropathy and antibody 
mediated rejection characterized by diffuse C4d staining 
and donor specific antibodies [22]. In some patients, the 
differentiation between a viral BK infection and acute 
rejection can only be made empirically by modifying 
the immunosuppressive regime and by observing the 
clinical response to this modification. 

In our cohort, only one patient presented moderate 
C4d deposits (No. 2) along peritubular capillaries, but 
with intranuclear viral inclusions revealed in electron 
microscopy, and with positive BK viremia. In the absence 
of a certain histological diagnosis, the supposed diagnosis 
of BK nephropathy is done by ascertaining the sustained 
viral replication in urine (for more than two weeks) and 

sustained BK replication in plasma (plasma DNA PCR 
load >10 000 copies/mL) with or without renal dysfunction 
[4, 11, 14]. The hallmark lesion in BK nephropathy is the 
presence of characteristic intranuclear viral inclusions [2, 
4]. All the patients from our cohort presented intranuclear 
viral inclusions in light microscopy and/or electronic 
microscopy examination. In our group, two patients 
presented cytopathic and/or cytolytic changes with focal 
or diffuse tubulointerstitial inflammation and atrophy 
(Pattern B), while three patients displayed cytopathic and/ 
or cytolytic changes with absent or minimal inflammation 
(Pattern A). 

At the moment, the management of BK nephropathy 
in renal transplant patients follows two main strategies: a 
screening and prevention strategy and a strategy involving 
treatment [14, 16]. The former course of action, namely 
screening and prevention, is aimed at detecting the 
infection before the nephropathy starts manifesting 
clinically. This implies that the eventual activation of the 
BK virus in blood or urine must be monitored periodically, 
so that intervention is swift in the case of activation. The 
latter strategy works by reducing the dose of immuno-
suppressive medication and administering antiviral agents 
in patients with diagnosis confirmed through biopsy or 
patients with a presumed diagnosis of BK nephropathy. 

The graft loss associated with BK nephropathy is 
reported by different reviews as averaging 50% [2–4]. 
In our cohort, despite high-dose intravenous immune 
globulin therapy, one (20%) of the five patients progressed 
to ESRD during the period of available follow-up. 

 Conclusions 

Histological picture of BK virus nephropathy is similar 
to the one of graft rejection, differential diagnosis being 
difficult in the absence of viral inclusions evidence. The 
prognostic for BK virus nephropathy patients remains 
reserved, despite the advancements made in diagnosis 
and therapy. 
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