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ABSTRACT
The BK virus (BKV) produces a subclinical kidney infection in immunocompetent individuals. However, 
viremia may occur in kidney transplant patients with ongoing immunosuppression. BKV-associated 
nephropathy (BKVN) has no specific treatment and is a leading cause of organ transplant loss. In this 
study, we evaluated the predisposition and the clinical impact of BKV replication in kidney transplant 
patients during post-transplant monitoring in a reference institution in Brazil. Demographic, clinical and 
laboratory data generated during routine outpatient follow-up were retrospectively collected. BK viremia 
was investigated using real-time polymerase chain reaction. Of the 553 participants, 7.4% (n = 41) presented 
BKV replication. Of these, 16 (39%) lost their kidney graft and interstitial nephritis was identified on 
kidney biopsy in 50% of the cases. Among the evaluated variables, only the use of the immunosuppressant 
mycophenolate sodium was identified as a risk factor for viremia (OR 7.96; 95% CI 2.35 to 26.98). The 
graft survival estimate in BKV-positive patients was significantly reduced (24.8% vs. 85.6%) after 10 years 
of transplantation. We concluded that defining predisposing factors remains an important challenge for 
the prevention and control of BKV activity following kidney transplantation, especially considering the 
development of BKVN and its strong effect on graft maintenance.
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InTRODUCTION

Kidney transplantation is considered to be the best 
method of treatment for patients with chronic kidney 

failure. Transplantation provides the patients with 
a better quality of life and full reintegration into 
daily activities in addition to increasing their life 
expectancy and representing the most cost effective 
option (Alvares et al. 2011, Harada et al. 2009). 
Despite the numerous scientific and technological 
advances aimed at prolonging kidney graft survival, 
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the recurrence of chronic nephropathy and both 
long and short term graft loss have been attributed 
to the development of opportunistic infections, 
especially BK virus (BKV) infection (Egli et al. 
2007). 

Infection with BKV, which belongs to the 
Polyomaviridae family, usually occurs in childhood. 
After primary infection, the virus remains latent and 
presents tropism for the urinary tract (Silva et al. 
2011). Typically, reactivation of the polyomavirus 
only occurs in cases of autoimmune disease and in 
immunocompromised individuals, such as those 
infected with the human immunodeficiency virus 
(HIV) and solid organ transplant patients because 
these conditions involve altered immune systems 
(Manitpisitkul et al. 2009). Although infection 
is generally asymptomatic, active infection may 
result in viremia and viruria (Silva et al. 2011).

BKV-associated nephropathy (BKVN) is 
associated with high morbidity and mortality and 
is the most common viral disease that affects the 
kidney graft parenchyma. BKVN may cause graft 
dysfunction, premature failure and loss (Hirsch 
et al. 2013). It has a prevalence of 1 to 10% and 
leads to permanent graft dysfunction or loss in 
40% to 60% of cases (Bassil et al. 2014, Dekeyser 
et al. 2015). All kidney transplant recipients with 
BKV replication have variable deteriorating graft 
function, which is manifested as an increase in 
serum creatinine (Ramos et al. 2002). 

The risk factors for BKV reactivation are not 
completely understood but may include factors 
related to the donor, recipient, kidney graft and 
type of immunosuppression used (Medeiros 
et al. 2008, Huang et al. 2014). Among other 
variables, a weakened immune status, advanced 
age, male gender, Caucasian ethnicity and diabetes 
have been proposed as risk factors for BKV 
manifestation (Zalona et al. 2013). Furthermore, 
the immunosuppression load administered after 
transplantation has been reported to be the primary 

risk factor for BKVN development (Boothpur and 
Brennan 2010). 

BKVN is a growing problem in the kidney 
transplant recipient population (El Ansary et al. 
2016). There is no specific treatment for BKVN, 
and evolution to graft loss requires that the patient 
returns to the kidney replacement therapy program, 
which raises the associated costs. These are the 
main reasons that this phenomenon has been 
studied in transplant centers worldwide (Siguier 
et al. 2012, Mbianda et al. 2015). The aim of the 
study was to investigate the prevalence of and the 
predisposing factors for BKV replication after 
kidney transplantation and the ensuing clinical 
outcome.

MATERIALS AND METHODS

STUDY TYPE AND TARGET POPULATION

This study was a cross-sectional observational 
study based on the collection, analysis and 
correlation of the retrospective demographic, 
clinical and laboratory data generated during 
routine clinical visits from patients undergoing 
kidney transplantation. The study was approved 
by the University of Region of Joinville Research 
Ethics Committee (reference no. 830,565).

The study included kidney transplant patients 
undergoing post-transplant monitoring at the 
Pró-Rim Foundation who underwent bimonthly 
samplings for the investigation of BKV viremia 
after transplantation. Pró-Rim Foundation is 
an outpatient clinic located in Joinville, Santa 
Catarina, southern Brazil, which coordinated over 
1,400 transplantations since its foundation in 1978, 
reaching a mean annual number of 85 in the last 
five years.

INVESTIGATION OF VIREMIA

Five mL of peripheral blood was collected from 
each patient in a bottle containing the anticoagulant 
ethylenediaminetetraacetic acid. Viral DNA was 
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extracted using the Biopur Mini Spin Plus 250 
kit (Biometrix, Curitiba, Brazil). BK viremia 
was investigated using the real-time polymerase 
chain reaction technique with the BKV Q-PCR 
Alert kit (Nanogen Advanced Diagnostics, Torino, 
Italy), which has a detection limit of 10 genome 
equivalents/mL.

DEMOGRAPHIC, CLINICAL AND LABORATORY 
DATA

The necessary data were obtained by consulting the 
medical records. Study variables were divided into 
demographic (age and gender), clinical (underlying 
disease, immunosuppression regimen, type of 
substitutive kidney therapy prior to transplant, donor 
type (alive or dead) and number of transfusions) 
and laboratory data (antibody reactivity panel 
count [ARP], blood type, serum creatinine level 
and post-transplant kidney function). Based on 
locally established practice, a serum creatinine level 
greater than 2.5 mg/dL at discharge was considered 
a poor prognosis of kidney function. Similarly, the 
kidney graft was considered to be functioning in 
the immediate post-transplant period when urine 
output and a reduction in the serum creatinine level 
were observed. Also based on local practice, kidney 
biopsy was recommended for patients presenting 
two sequential positive results of viremia analysis.

STATISTICAL ANALYSIS

Statistical tests were performed using SPSS 
(Statistical Package for the Social Sciences, SPSS 
Inc., Chicago, IL, USA) software version 17.0. The 
differences between the proportions shown in Table 
I were tested for significance using the Chi-square 
test with Yates correction, Fisher’s exact test or 
T-test when appropriate. P values ​​equal to or less 
than 0.05 were deemed significant based on a 95% 
confidence interval.

Multivariate analysis of the risk predictors 
shown in Table II was performed with binomial 
logistical regression with a 95% confidence 

interval. The descriptive analyses shown in Table 
III were performed without the use of statistical 
analysis. The survival analysis shown in Figure 1 
was performed using the Kaplan-Meier curve, and 
the comparison of curves was performed using the 
weighted log-rank test.

RESULTS

A total of 702 patients were under outpatient 
monitoring during the study period. The established 
inclusion criteria led to the enrollment of 553 
(78.8%) kidney transplant recipients, including 359 
men (41.4 ± 13.2 years old) and 194 women (41.3 
± 13.3 years old). Forty-one (7.4%) patients tested 
positive for post-transplantation BKV replication. 
The mean age in this group was 42.5 ± 11.0 years 
old, with males (73.2%) and blood type A (48.8%) 
being prevalent. Table I shows the distribution of 
BK viremia cases according to the demographic, 
clinical and laboratory characteristics.

Most patients received graft from deceased 
donors (69.3%) and had an ARP between 0 and 
50% (92.4%). Immediate post-transplantation 
kidney function (P=0.81) and the 2.5 mg/dL serum 
creatinine threshold at discharge (P=0.09) did 
not differ between the BKV-negative and BKV-
positive patient groups. The immunosuppressant 
mycophenolate sodium (MPS) was significantly 
more represented among patients with post-
transplantation BKV replication (85.4%; 
P<0.01). Only one patient (2.2%) among those 
with exclusively cyclosporine-based (CsA) or 
azathioprine-based (n = 46) immunosuppression 
had post-transplantation BK viremia, whereas 
this positivity reached 7.9% (n = 40) in patients 
administered other immunosuppressants (n = 507).

Table II shows the distribution of patients 
according to post-transplant BKV replication and 
the demographic, clinical and laboratory data 
proposed in some studies as BKVN predictors in 
kidney transplant patients. 
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TABLE I
Pre and post-transplant patient characteristics according to negative (-) or positive (+) post-kidney  

transplantation BKV replication.
BKV (-)

(n = 512)
BKV (+)
(n = 41)

P value

Age (years) [n (%)]

           Mean ± SD 42.1 ± 13.6 42.5 ± 1.0 0.82 *

Range 9 – 73 20 – 76 -

Gender [n (%)]

Female 183 (35.7) 11 (26.8) 0.25 †

Male 329 (64.3) 30 (73.2)

Blood Type [n (%)]

A 199 (38.9) 20 (48.8) 0.21 †

B 46 (9.0) 1 (2.4) 0.24 ‡

AB 18 (3.5) 2 (4.9) 0.65 ‡

O 249 (48.6) 18 (43.9) 0.56 †

Number of Transfusions [n (%)]

Mean ± SD 1.7 (3.1) 1.8 (2.2) 0.91 *

Range 0 – 27 0 – 10 -

Donor type [n (%)]

Living 161 (31.4) 9 (22.0) 0.20 †

Deceased 351 (68.6) 32 (78.0)

ARP [n (%)]

0 - 50% 476 (93.0) 35 (85.4) 0.07 ‡

> 50% 36 (7.0) 6 (14.6)
Post-transplant kidney function [n 

(%)]
    Not functioning 272 (53.1) 21 (51.2) 0.81 †

    Functioning 240 (46.9) 20 (48.8)
Serum creatinine at discharge (mg/

dL) [n (%)]
≤ 2.5 492 (96.1) 37 (90.2) 0.09 ‡

> 2.5 20 (3.9) 4 (9.8)

Immunosuppression type [n (%)]

TAC 314 (61.3) 32 (78.0) 0.03 †

MPS 271 (52.9) 35 (85.4) < 0.01 †

Statistical tests: * T test; † Chi-square; ‡ Fisher’s exact. SD: standard deviation; ARP: antibody reactivity panel; 
TAC: tacrolimus; MPS: mycophenolate sodium.
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TABLE II
BKV replication predictors in kidney transplant patients.

  Group n (%)
Odds Ratio
(CI 95%)

P Value

Male gender BKV (-) 329 (64.3) -

BKV (+) 30 (73.2) 1.77 (0.79-
3.85) 0.24

Deceased donor BKV (-) 351 (68.6) -

BKV (+) 32 (78.0) 2.47 (0.73-
8.31) 0.14

Immediate post-
transplant kidney BKV (-) 240 (46.9) -

function BKV (+) 20 (48.8) 1.54 (0.74-
3.22) 0.24

TAC 
immunosuppression BKV (-) 314 (61.3) -

BKV (+) 32 (78.0) 0.71 (0.24-
2.05) 0.53

MPS 
immunosuppression BKV (-) 271 (52.9) -

BKV (+) 35 (85.4) 7.96 (2.35-
26.98) < 0.01

TAC: tacrolimus; MPS: mycophenolate sodium.

The only evaluated risk predictor in the 
multivariate analysis showing an association with 
BK viremia was the use of MPS (OR 7.96; 95% IC 
2.35 to 26.98; P<0.01). The other variables studied 
were not significant with regard to risk, including 
the male gender (P=0.24), deceased donor (P=0.14), 
immediate post-transplant kidney function 
(P=0.24) and the use of the immunosuppressant 
tacrolimus (TAC; P=0.53).

Table III contains the causes associated with 
kidney graft loss and patient death. Of the 44 (8%) 
graft losses in the study sample, 16 (39%) occurred 
in patients with active BKV and eight (50%) of these 
patients had post-transplant interstitial nephritis 
evidenced in biopsy. Seven (17%) patients in the 
group with BK viremia died, whereas the mortality 
rate in the non-viremia group was 2.1%.

The accumulated kidney graft survival 
probabilities in patients negative and positive for 

viremia were compared to investigate the effect of 
BKV on the kidney graft. In the absence of BKV 
replication, kidney graft survival at 10 years was 
85.6%, whereas among viremia-positive patients 
the survival at 10 years was 24.8%. Therefore, 
kidney transplant recipients with BKV replication 
were associated with poorer graft survival 
(P<0.001), as shown in Figure 1. 

DISCUSSION

Post-transplant BKVN is a major cause of graft 
dysfunction and loss (Siguier et al. 2012, Mbianda et 
al. 2015). Kidney graft loss is attributed to the toxic 
effects of the virus, which causes desquamation 
of the epithelial cells in the urine and induces an 
inflammatory response that infiltrates the tubular 
interstices, thereby causing the development 
of fibrosis and tubular atrophy (Dekeyser et al. 
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Figure 1 - Kidney graft survival in BKV-negative or -positive transplant patients.

TABLE III
Causes of kidney graft loss and death of kidney transplant patients.

BKV (-) BKV (+) Total
Graft loss [n; (%)]

Interstitial nephritis 0 (0.0) 8 (50.0) 8 (18.2)
Infection 5 (17.9) 1 (6.3) 6 (13.6)

Humoral vascular 
rejection 4 (14.3) 1 (6.3) 5 (11.4)

Renal vein thrombosis 3 (10.7) 1 (6.3) 4 (9.1)
Chronic rejection 4 (14.3) 0 (0.0) 4 (9.1)

Acute cellular rejection 2 (7.1) 0 (0.0) 2 (4.5)
Other causes 10 (35.7) 5 (31.3) 15 (34.1)

Total 28 (100.0) 16 (100.0) 44 (100.0)
Death [n; (%)]

Cardiovascular disease 2 (18.2) 2 (28.6) 4 (22.2)
Other causes 9 (81.8) 5 (71.4) 14 (77.8)

Total 11 (100.0) 7 (100.0) 18 (100.0)
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2015). In the present study, we demonstrated the 
profound effect of BK viremia on graft survival in 
immunosuppressed kidney transplant patients.

Accord ing  to  the  2014  Braz i l i an 
Transplantation Registry data from the Brazilian 
Organ Transplant Association, the survival of 
kidney grafts from living and deceased donors was 
88% and 75%, respectively, after 4 years (ABTO 
2014). In our study, the overall survival of kidney 
transplant patients after 10 years of follow-up was 
77.6%. A significant reduction (approximately 6 
years) was observed in kidney graft survival among 
viremia-positive patients, which confirms the 
serious consequences of BKVN evolution.

The prevalence of BKV replication in kidney 
transplants varies widely between institutions from 
different areas. In a study conducted in Leeds, UK, 
between 2006 and 2009, 12 (10.7%) of 112 kidney 
transplant patients were diagnosed as BKV positive 
(Saundh et al. 2013). In Strasbourg, France, 48 
(20%) of 240 kidney transplant patients showed 
BKV replication (Borni-Duval et al. 2013). The 
prevalence of active BKV infection in a study in 
Guangzhou City, China, with 229 kidney recipients 
was 3.1% (Huang et al. 2014). In a study of 609 
patients undergoing kidney transplantation in Ohio, 
United States of America (USA), between 2007 
and 2011, 130 (21.7%) patients developed BK 
viremia (Elfadawy et al. 2014). In turn, Schachtner 
et al. (2015) studied 862 kidney transplant patients 
in Berlin, Germany, between 2004 and 2012 and 
confirmed that 11.9% of the cases were BKV-
positive. Montagner et al. (2010), using a qualitative 
seminested PCR assay, reported positivity of 43% 
for BKV viremia in a sample of selected renal 
transplant patients who presented graft dysfunction 
in Porto Alegre, Southern Brazil. In the present 
study, the prevalence of positive viral replication, 
which is considered a marker for the occurrence of 
BKVN, was 7.4%. To the best of our knowledge, 
this is one of the first reports on the prevalence of 
post-kidney transplant BKV viremia in Brazil.

Uncertainty regarding the risk factors 
predisposing a patient to viral replication is an 
aggravating factor for the occurrence of BKVN 
(Huang et al. 2014). Medeiros et al. (2008) proposed 
cytomegalovirus (CMV) co-infection, the absence 
of the HLA-C7 allele and the donor being deceased 
as risk factors inherent to the donor. Factors 
associated with the recipient included advanced 
age, male gender, CMV infection, diabetes mellitus 
(DM), BKV seronegativity, the absence of HLA-C7 
and Caucasian ethnicity. Factors directly related to 
the graft included a long cold ischemia time and 
delayed kidney function of the graft itself. In the 
population served in Joinville, kidney transplant 
patients with BK viremia were predominantly 
male, but there was no significant difference when 
compared to the group without viral replication. 
Likewise, the advanced age (over 60 years) 
mentioned in some studies as a possible risk factor 
showed no significance in the present study.

In a study by Huang et al. (2014), the association 
with BKV replication was lower in patients who 
received their kidneys from a living donor than in 
those who received a deceased donor graft. This 
same study also noted that kidneys transplanted 
from deceased donors using TAC tended to have 
an increased risk of BKV infection development. 
In the present study, most of the kidney transplant 
patients with BK viremia received grafts from 
deceased donors (n = 32; 78%).

Risk factors for active BKV infection in the era 
of therapeutic drug monitoring have also not been 
fully identified (Sahoo et al. 2015). In some studies, 
the use of TAC associated with mycophenolate 
mofetil (MMF) was alleged to represent a high risk 
factor for BKV infection activation (Brennan et al. 
2005, Koukoulaki et al. 2009). In another study, 
the incidence of BKVN was lower in subjects who 
received CsA and MMF than in those who did 
not receive this immunosuppression (Huang et al. 
2014). In the present study, a strong risk association 
was observed between MPS-based treatment and 
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active BKV infection, which corroborated the 
results observed by Borni-Duval et al. (2013) and 
Schachtner et al. (2015) in which viremia-positive 
patients using higher doses of mycophenolate were 
at increased risk of progression to BKVN. 

According to Montagner et al. (2007), the 
immunosuppressant TAC, which is a potent 
calcineurin inhibitor used as prophylaxis for severe 
acute rejection, was strongly associated with the 
development of BKVN and was present in the 
immunosuppressant regimen of up to 70% of cases. 
It has been recognized that the incidence of BKVN 
is significantly higher in patients who received 
TAC than in those who received CsA (Bassil et al. 
2014). In our study, a lower rate of individuals with 
viremia was observed among patients using CsA-
based or azathioprine-based immunosuppressants. 
Furthermore, in contrast to previous reports, our 
analysis found no risk association between TAC 
and the occurrence of BKV replication.

Double immunosuppression based on TAC 
and MPS has been proposed as the most important 
risk factor for active BKV infection. However, 
this combination has been reported in any triple 
therapy drug regimen. Therefore, the total load 
of immunosuppressive drugs may be the most 
important risk factor (Bassil et al. 2014). Although 
the incidence of viremia is higher in heart transplant 
recipients than recipients of other organs (with the 
exception of kidney recipients), BKV replication 
appears to be a complication that predominantly 
affects kidney transplant recipients; therefore, the 
immunosuppression intensity may not be solely 
responsible (Mbianda et al. 2015, Viswesh et al. 
2015, Kuppachi et al. 2016).  	

Several authors have investigated BK viremia 
and the progression of nephropathy. Hirsch et al. 
(2005) reported that graft loss reached 10% to 80% 
of BK-positive viremia cases. After the BKVN 
diagnosis, approximately half of the patients 
developed progressive loss of kidney graft function 
within two years and needed to return to kidney 

replacement therapy. In a more recent study, the 
authors noted that BKV replication had emerged as 
a major complication (1-10% of cases) in kidney 
transplants and was responsible for graft loss in 
30-80% of cases (Hirsch et al. 2013). Schachtner et 
al. (2015) reported that 24 (2.8%) out of 103 BKV-
positive patients who received a transplantation 
between 2004 and 2012 progressed to nephropathy, 
14 died (13.6%), 12 returned to dialysis (11.6%) and 
24 (12.5%) progressed to graft loss. Elfadawy et al. 
(2014) stated that the graft function of BK viremia-
positive patients one year after the confirmation of 
viremia was significantly worse, resulting in the 
development of BKVN in 50% of the patients. A 
similar study in Washington, USA, found that graft 
failure was high among patients with BK viremia, 
reaching 80% of cases (Balba et al. 2013). In our 
study, the overall rate of graft loss reached 8% (n 
= 44) of cases. However, 16 (39%) of 41 patients 
with BK viremia progressed to the loss of the 
kidney graft and 7 (17.1%) to death; these rates 
were significantly higher than those observed for 
BKV-negative transplant patients. 

It is important to note that other factors 
in addition to the studied variables (i.e., the 
immunosuppressant dose) may have affected the 
occurrence of post-transplant viral replication. 
Moreover, the best methodological design to 
determine risk factors would have been the 
establishment of a prospective cohort study. 
Nevertheless, the present study sought to outline 
the risk factors for BKV replication and their post-
transplant effect in one of the institutions performing 
high number of kidney transplants in Brazil. 
Therefore, this study constitutes unprecedented 
research in Latin America.

As demonstrated in the present study, kidney 
transplant patients are predisposed to BKV 
replication (particularly patients using post-
transplant MPS), with a consequent reduction 
in kidney graft survival. Due to the absence of a 
specific antiviral treatment (Lebreton et al. 2016), 
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the early diagnosis of BKV replication allows 
improving clinical and laboratory care of affected 
patients and makes it possible to reverse the 
negative effect of a modifiable factor, such as the 
immunosuppression regimen indicated for each 
case. Based on our results, we suggest that an early 
and periodic evaluation of viremia may contribute to 
the management of the anti-rejection prophylactic 
immunosuppression and of the evolution of BKVN, 
because kidney function is reversible during the 
early stages of lesion progression (Vasudev et al. 
2005). 
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