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INTRODUCTION

BK virus (BKV) infection is one of the most important 
opportunistic infections in renal transplant recipients 
(RTRs) and can cause serious allograft dysfunction [1]. 
Primary BKV infection usually develops during child-
hood; the virus thereafter remains latent in the renal tu-
bules and uroepithelial cells, which are the most impor-
tant sites epidemiologically [2]. BKV is often activated 

in patients receiving immunosuppressants during the 
first year after kidney transplantation (KT) [3,4]. Its active 
replication has been identified to play a causative role 
in the development of BK virus-associated nephropathy 
(BKVAN) [5].

Since the first report of BKVAN in 1995, numerous 
studies have been conducted on BKV [6]. However, each 
showed diverse prevalences and outcomes of BKVAN 
[6,7]. Additionally, risk factors associated with the pro-

1Division of Nephrology, 
Department of Internal Medicine, 
2Department of Hospital 
Pathology, College of Medicine, 
Seoul St. Mary’s Hospital, The 
Catholic University of Korea, 
Seoul, Korea

Received : April 14, 2014
Revised : May 16, 2014
Accepted : July 22, 2014

Correspondence to 
Byung Ha Chung, M.D. 
Division of Nephrology, 
Department of Internal Medi-
cine, College of Medicine, Seoul 
St. Mary’s Hospital, The Catholic 
University of Korea, 222 Banpo- 
daero, Seocho-gu, Seoul 06591, 
Korea
Tel: +82-2-2258-6066
Fax: +82-2-599-3589
E-mail : chungbh@catholic.ac.kr

*These authors contributed equal-
ly to this work.

Background/Aims: BK virus-associated nephropathy (BKVAN) is an important 
cause of allograft dysfunction in kidney transplant recipients. It has an unfavor-
able clinical course, and no definite treatment guidelines have yet been estab-
lished. Here, we report our center’s experience with biopsy-proven BKVAN and 
investigate factors associated with its progression.
Methods: From January 2004 to April 2013, 25 patients with BKVAN were diag-
nosed by biopsy at Seoul St. Mary’s Hospital. Of the 25 patients, 10 were deceased-
donor transplant recipients and 15 were living-donor transplant recipients. Three 
of the patients underwent retransplantation. The primary immunosuppressant 
used was tacrolimus in 17 patients and cyclosporine in eight patients.
Results: BKVAN was observed at a mean duration of 22.8 ± 29.1 months after 
transplantation. The mean serum creatinine level at biopsy was 2.2 ± 0.7 mg/dL. 
BKVAN occurred with acute rejection in eight patients (28%). Immunosuppres-
sion modification was performed in 21 patients (84%). Additionally, leflunomide 
and intravenous immunoglobulin were administered to 13 patients (52%) and two 
(8%), respectively. Allograft loss occurred in five patients (27.8%) during the fol-
low-up period at 0.7, 17.1, 21.8, 39.8, and 41.5 months after the BKVAN diagnosis. 
Advanced stages of BKVAN, increased creatinine levels, and accompanying acute 
rejection at the time of BKVAN diagnosis increased the risk of allograft failure.
Conclusions: The clinical outcomes in patients with biopsy-proven BKVAN were 
unfavorable in the present study, especially in patients with advanced-stage BK-
VAN, poor renal function, and acute allograft rejection.

Keywords: BK virus; Kidney transplantation; Nephropathy

Risk factors in the progression of BK virus-associ-
ated nephropathy in renal transplant recipients
Hae Min Lee1,*, In-Ae Jang1,*, Dongjae Lee1, Eun Jin Kang1, Bum Soon Choi1, Cheol Whee Park1,  
Yeong Jin Choi2, Chul Woo Yang1, Yong-Soo Kim1, and Byung Ha Chung1

http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2015.30.6.865&domain=pdf&date_stamp=2015-10-30
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2015.30.6.865&domain=pdf&date_stamp=2015-10-30
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2015.30.6.865&domain=pdf&date_stamp=2015-10-30


866 www.kjim.org http://dx.doi.org/10.3904/kjim.2015.30.6.865

The Korean Journal of Internal Medicine Vol. 30, No. 6, November 2015

gression of this disease have not been well defined [7]. 
This may be due to differences in donor types among 
countries and, even more, the diversity in the immuno-
suppression and desensitization protocols used among 
centers [8]. The absence of established treatment and 
prevention guidelines for BKVAN may be another rea-
son.

In this regard, it is important to investigate the preva-
lence and clinical outcomes of BKVAN at each center to 
establish BKVAN prevention or treatment guidelines 
and protocols specific to each center. Thus, we reviewed 
our center’s experience with biopsy-proven BKVAN and 
its clinical course and investigated risk factors associ-
ated with allograft outcome after BKVAN diagnosis.

METHODS

We conducted a retrospective single-center study of 25 
RTRs with BKVAN, diagnosed by biopsy at Seoul St. 
Mary’s Hospital from 1 January 2004 to 15 March 2013. 
The patients’ demographic features and follow-up data 
were obtained from their hospital medical records. This 
study was approved by the Institutional Review Board of 
Seoul St. Mary’s Hospital (KC14RISI0220).

The immunosuppressive regimen and infection pro-
phylaxis used in our center have been described previ-
ously [9]. All patients received induction therapy with 
basiliximab. The maintenance immunosuppressive reg-
imen comprised prednisolone, mycophenolate mofetil, 
and a calcineurin inhibitor (cyclosporine A or tacrolim-
us). All patients received fluconazole and sulfamethox-
azole/trimethoprim as prophylaxis against fungal and 
Pneumocystis jirovecii infection, respectively.

All RTRs with an unexplained elevation in their se-
rum creatinine level of > 20% from the baseline value 
underwent an allograft kidney biopsy. A well-trained 
pathologist evaluated all the biopsy specimens using 
light microscopy and immunohistochemical staining 
with monoclonal antibodies directed against the SV40 
large T antigen and electron microscopy to distinguish 
BKVAN from acute allograft rejection, according to the 
Banff criteria. Diagnosis of BKVAN was confirmed when 
all of the following criteria were met: (1) typical patho-
logical findings of viral cytopathic effects on renal histo-
logical analysis with an inflammatory response sugges-

tive of BKVAN, such as the presence of intranuclear viral 
inclusions; (2) immunohistochemical staining positive 
for SV40 large T antigen; and (3) detection of BKV rep-
lication in at least one laboratory test, including urine 
cytological examination, urine polymerase chain reac-
tion (PCR) assay, or plasma PCR assay. The specimens 
diagnosed with BKVAN were also evaluated to confirm 
the BKVAN stage.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 19.0 (IBM Co., Armonk, NY, USA). Continuous vari-
ables are expressed as mean ± standard deviation, me-
dians (minimum-to-maximum range), or counts with 
percentages and were compared using Student t test. 
For categorical variables, Pearson chi-square test and 
Fisher exact test were used. Allograft survival rates were 
calculated using the Kaplan-Meier method. All statisti-
cal tests were two-tailed, and results were considered 
significant at p values of <0.05.

RESULTS

Baseline characteristics
The baseline characteristics of the 25 patients are pre-
sented in Table 1. The mean age at BKVAN diagnosis 
was 39.4 ± 13.0 years, and 13 patients were male (52%). In 
total, 10 patients (40%) received kidneys from deceased 
donors, and three (12%) underwent second transplanta-
tions. Cyclosporine was used as the main immunosup-
pressant in eight patients (32%), and the remaining 17 
patients (68%) received tacrolimus before BKVAN diag-
nosis.

Laboratory and pathological findings associated 
with BKV infection
BKVAN was documented at 22.8 ± 29.1 months after 
transplantation, and the serum creatinine level at biopsy 
was 2.2 ± 0.7 mg/dL. In 18 patients, monitoring of BKV 
replication was performed using plasma BKV real-time 
PCR, and the replication levels exceeded 1.0 × 104 copies/
mL in all patients (range, 1.6 × 104 to 5.0 × 107). The BK-
VAN stage distribution was as follows: stage A, nine pa-
tients (36%); stage B, 12 patients (48%); and stage C, four 
patients (16%). In six patients (24%), BKVAN presented 
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with acute allograft rejection (acute T-cell-mediated re-
jection in five and acute antibody-mediated rejection in 
one).

Management and clinical outcomes of BKVAN
The follow-up duration after BKVAN diagnosis was 
29.9 months (range, 0.7 to 90.1). The immunosuppres-
sion regimen was modified in 21 patients. Mycophe-
nolate mofetil was discontinued in all patients, and the 

tacrolimus dose was reduced by 20% in nine patients. 
Leflunomide was used in 13 patients, and infused intra-
venous immunoglobulin (IVIG) was used for 5 days in 
four patients. Despite the change in immunosuppres-
sant or treatment for BKVAN, the allograft function did 
not improve overall (Fig. 1A). In five patients, allograft 
rejection developed within 6 months of the BKVAN di-
agnosis. During the follow-up period, 20% (5/25) of the 
patients experienced allograft loss at 21.8 months (range, 
0.7 to 41.5) from BKVAN diagnosis. The 5-year allograft 
survival rate from BKVAN diagnosis was 67% (Fig. 1B).

Risk factors associated with allograft failure after 
BKVAN diagnosis
The comparison between patients with and without graft 
failure is presented in Table 2. The duration from KT to 
BKVAN diagnosis was significantly longer in patients 
with than without graft failure (p < 0.01). Allograft biopsy 
findings showed that compared with patients without 
allograft failure, those with allograft failure had a more 
advanced stage of BKVAN and showed a significant de-
crease in allograft function, expressed as Modification 
of Diet in Renal Disease-estimated glomerular filtration 
rate (p < 0.01). Additionally, the proportion of combined 
allograft rejection showed a higher tendency in patients 
with allograft failure (p = 0.06). Treatment with IVIG or 
leflunomide or reduction of the immunosuppressant 
dose did not affect the clinical outcome of BKVAN.
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Figure 1. Changes in allograft function and allograft survival rate after BK virus-associated nephropathy (BKVAN) diagnosis. 
(A) Allograft function deteriorated after BKVAN diagnosis. (B) The 5-year allograft survival rate from biopsy was 67% using 
Kaplan-Meier analysis.

Table 1. Baseline characteristics (n = 25)

Characteristic Value

Age, yr 39.4 ± 13.0

Male sex 13 (52)

Primary renal disease

Chronic glomerulonephritis 13 (56)

Diabetes mellitus 4 (16)

Hypertension 2 (8)

Unknown 6 (24)

Deceased donor 10 (40)

HLA mismatch number 3.3 ± 2.0

Second transplantation 3 (12)

Immunosuppressant

Cyclosporine 8 (32)

Tacrolimus 17 (68)

Values are presented as mean ± SD or number (%). 
HLA, human leukocyte antigen.
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Clinical outcomes based on risk factors
We analyzed clinical outcomes based on BKVAN stage, 
combined allograft rejection, and allograft function. 
The allograft failure rate was significantly higher and 
the allograft survival rate was significantly lower in pa-
tients with stage C BKVAN than in those with stage A 
or B (p = 0.045) (Fig. 2). Moreover, the allograft failure 
rate was higher (p = 0.05) and the allograft survival rate 
was significantly lower in patients presenting with acute 
rejection than in those without acute rejection (Fig. 3A 
and 3B). In addition, patients with combined allograft 
rejection showed a significantly higher rate of allograft 
rejection within 6 months from the diagnosis of BKVAN 
(p < 0.01) (Fig. 3C). Patients with decreased allograft func-
tion of < 30 mL/min/1.73 m2 showed a higher tendency 
for allograft failure (p = 0.12) and a lower tendency for 
allograft survival (p = 0.08) (Fig. 4).

DISCUSSION

Because immunosuppressive regimens and treatment 

strategies for BKVAN are inconsistent among transplant 
centers, the incidence and outcomes are also variable 
among centers. In this regard, each center should com-
pile their own data on BKVAN outcomes. We retrospec-
tively reviewed the clinical course of BKVAN at our cen-
ter. Our results indicated that RTRs with BKVAN had 
unfavorable clinical outcomes. Additionally, allograft 
function did not improve even after administration of 
antiviral agents such as leflunomide or IVIG and reduc-
tion of the immunosuppressant dose. The allograft loss 
rate was 20% in our center, which is similar to that re-
ported previously [10-12].

First, we investigated the timing of the BKVAN diag-
nosis and the BKVAN stages. Usually, BKV replication 
is initiated within 1 year from KT. However, the mean 
duration between KT and BKVAN was 22.8 months in 
the present study, and most patients were diagnosed ≥ 1 
year after KT. In addition, the serum creatinine level was 
already above normal in most patients, and 16 patients 
(64%) showed stage B or C BKVAN. Considering the pro-
totypical course of BKV infection, in which viremia can 
be detected before BKVAN development, these findings 

Table 2. Comparison of clinical parameters between patients with and without graft failure

Parameter
Graft failure

p value
Yes (n = 5) No (n = 20)

Age at diagnosis, yr 35.9 ± 11.4 40.3 ± 13.5 0.52

KT-biopsy, mon 52.9 ± 42.4 15.3 ± 19.9 < 0.01

Male sex 1 (20.0) 12 (60.0) 0.14

Deceased donor 3 (60.0) 7 (35.0) 0.34

Retransplantation 1 (20.0) 2 (10.0) 0.50

Immunosuppressant

Cyclosporine 2 (40.0) 6 (30.0) 0.60

Tacrolimus 3 (60.0) 14 (70.0) 0.75

History of AR 1 (20.0) 3 (15.0) 0.62

Combined AR 3 (60.0) 3 (15.0) 0.06

sCr at biopsy, mg/dL 3.0 ± 1.0 2.0 ± 0.4 < 0.01

eGFR at biopsy 21.2 ± 7.9 35.8 ± 8.2 < 0.01

Treatment for BKVAN

IVIG 1 (20.0) 3 (15.0) 0.67

Leflunomide 1 (20.0) 12 (60.0) 0.14

IS reduction 3 (60.0) 18 (90.0) 0.17

Values are presented as mean ± SD or number (%). 
KT, kidney transplantation; AR, acute rejection; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; BKVAN, 
BK virus-associated nephropathy; IVIG, intravenous immunoglobulin; IS, immunosuppressant. 
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suggest that most cases were diagnosed after a long peri-
od from the start of BKV replication [13,14]. Indeed, all 18 
patients who underwent BKV replication analysis using 
plasma BKV real-time PCR at the time of allograft bi-
opsy showed significant BKV replication, with the BKV 
DNA copy number exceeding 1.0 × 104/mL [2,15,16].

Second, we investigated the clinical outcomes after 
the BKVAN diagnosis and analyzed the effect of the use 

of therapeutic agents such as leflunomide and IVIG 
and reduction of the immunosuppressant dose. Vari-
ous therapeutic agents, such as cidofovir, leflunomide, 
IVIG, and levofloxacin, have been used for BKVAN treat-
ment to date, but none is clearly superior to the oth-
ers [17,18]. In this study, we used leflunomide or IVIG 
for BKVAN treatment. It seemed that leflunomide may 
help to prevent allograft failure, but no significant effect 

Al
lo

gr
af

t s
ur

vi
va

l r
at

e 
(%

)

Post-biopsy (mon) 

100

80

60

40

20

0

(%) Stage C

Stage A & B

p = 0.04

Stage A

a, b

a

Stage CStage B 0 12 24 36 48 60

100

80

60

40

20

0

Graft failure (–)               Graft failure (+)

Graft failure (–)               

Graft failure (+)

100

80

60

40

20

0

(%)

p = 0.05

a

a

a

0 12 24 36 48 60

100

80

60

40

20

0

Acute rejection (–) within 6 months               

Acute rejection (+) within 6 months

Acute rejection (+)

Acute rejection (+)
Acute rejection (–)

Post-biopay (mon) 

Al
lo

gr
af

t s
ur

vi
va

l r
at

e 
(%

)

Acute rejection (–)

100

80

60

40

20

0

(%)

Acute rejection (+) Acute rejection (–)

Figure 2. Impact of BK virus-associated nephropathy (BKVAN) stage on allograft outcome after BKVAN diagnosis. (A) Com-
parison of the development of allograft failure based on BKVAN stages. (B) Comparison of allograft survival rates between 
patients with stage A and B and patients with stage C using Kaplan-Meier analysis. The allograft failure rate was significantly 
higher and allograft survival rate was significantly lower in patients with stage C BKVAN than in patients with stage A and B. 
ap < 0.05 vs. stage A. bp < 0.05 vs. stage B.

Figure 3. Impact of combined acute rejection on allograft outcome after BK virus-associated nephropathy (BKVAN) diagnosis. 
(A) Comparison of the development of allograft failure based on combined acute rejection. (B) Comparison of allograft sur-
vival rates between patients with and without combined acute rejection using Kaplan-Meier analysis. (C) Comparison of acute 
rejection rates within 6 months from BKVAN diagnosis. Patients with combined acute rejection had a higher risk of allograft 
failure, lower allograft survival rates, and higher acute rejection rates within 6 months from BKVAN diagnosis than did those 
without combined acute rejection. ap < 0.05 vs. acute rejection (+).
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was observed, perhaps because of the limited number 
of cases. Another possible reason is that other factors, 
such as chronic changes in allograft tissue and BKVAN 
stages, may have induced bias in the analysis of allograft 
outcome.

We reduced the immunosuppressant dose in most pa-
tients; however, even this showed no significant effect on 
BKVAN progression (Fig. 1). Furthermore, we observed 
five cases of allograft rejection after reducing the immu-
nosuppressant dose. This finding is contrary to our pre-
vious results, showing that no rejection developed after 
immunosuppressant dose reduction during BK viremia 
[9]. The underlying reasons are unclear, but activation of 
the innate immune system by virus invasion of allograft 
tissue may activate adaptive immune cells, which can re-
sult in allograft rejection [19,20]. These findings suggest 
that after BKV infection of allograft tissue, reducing the 
immunosuppressant dose may have no beneficial effect 
on BKVAN progression and may increase the risk of al-
lograft rejection, in contrast to dose reduction during 
viremia or viruria.

Next, we investigated risk factors associated with the 
development of allograft failure. In this study, allograft 
failure developed mostly in patients with advanced-stage 
BKVAN, consistent with previous studies reporting that 

the allograft failure rate reached 100.0% in patients with 
stage C BKVAN but was only 12.9% in those with stage A 
[10-12,21-23]. In patients with stage C BKVAN, histolog-
ical examination of allograft biopsy specimens revealed 
extensive BKV replication, cell necrosis of the tubules 
and collecting ducts, and varying degrees of interstitial 
inflammation [6,24]. Additionally, allograft function de-
creased significantly in those patients, and the deterio-
rated allograft function did not recover even when BK 
viremia was successfully cleared [25].

Another risk factor for allograft failure was combined 
acute rejection of allograft tissue. Among the six pa-
tients with combined BKVAN and acute rejection, three 
(50%) experienced allograft loss, which was significantly 
higher than the allograft loss rate in patients without 
acute rejection (15%). The difficulty in the treatment of 
combined BKVAN and acute rejection is that we could 
provide neither sufficient antirejection therapy nor ef-
fective treatment for BKVAN because the two condi-
tions require opposite treatment strategies. In those six 
patients, we first used steroid pulse therapy and later 
reduced the immunosuppressant dose. However, four 
of the six showed recurrent rejection within 6 months 
from BKVAN diagnosis, which suggests that rejection 
may not be treated sufficiently by steroid pulse therapy 
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Figure 4. Impact of allograft function on clinical outcomes after BK virus-associated nephropathy (BKVAN) diagnosis. (A) 
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allograft survival rates between patients with an eGFR of ≥ 30 mL/min/1.73 m2 and those with an eGFR of < 30 mL/min/1.73 m2 
using Kaplan-Meier analysis. Patients with an eGFR of < 30 mL/min/1.73 m2 had a higher risk of allograft failure and lower al-
lograft survival rates than did those with an eGFR of < 30 mL/min/1.73 m2. 
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and that subsequent immunosuppression reduction 
may facilitate the recurrence of acute rejection in those 
cases. These findings suggest that steroid pulse therapy 
with immunosuppressant dose reduction is ineffective 
for not only BKVAN treatment, but also combined acute 
rejection treatment.

In terms of treatment for BKVAN with acute rejec-
tion, a two-step approach of antirejection treatment fol-
lowed by a reduction in the immunosuppressant dose is 
supported by several studies reporting stabilization or 
improvement of allograft function. However, the prog-
nosis differs from one center to another: some reports 
showed a worse prognosis of BKVAN combined with 
acute rejection than of BKVAN alone [4], as in our report, 
whereas Kim et al. [26] recently reported an allograft loss 
rate of BKVAN with acute rejection (20%) similar to that 
of BKVAN alone after anti-BKV therapy (22%). Further 
study is needed to determine the appropriate treatment 
option and prognosis for patients with BKVAN who 
develop acute rejection. Other demographic factors, in-
cluding the donor type, retransplantation history, and 
type of immunosuppressant used, showed no signifi-
cant correlation with allograft loss in this study. 

A limitation of this study is the small number of pa-
tients. Thus, we did not perform multivariate analyses 
to investigate risk factors for allograft failure in patients 
with BKVAN. Second, we could not compare the thera-
peutic effects of each treatment method because the 
treatment protocol was not standardized.

In conclusion, the allograft loss rate was 25% among 
patients with BKVAN at our center. The allograft failure 
risk increased in patients with advanced-stage BKVAN, 
poor renal function, or BKVAN combined with acute 
allograft rejection at the time of BKVAN diagnosis. In 
addition, no therapy has proven effective in preventing 
allograft loss in patients with biopsy-proven BKVAN. 
Thus, early detection of BKV replication before BKVAN 
development is important, and when BKVAN is suspect-
ed, a prompt biopsy is needed for early diagnosis.

Conflict of interest
No potential conflict of interest relevant to this article 
was reported.

Acknowledgments 
This study was supported by a grant (HI13C1232) from 
the Korean Health Technology R&D Project, Ministry 
of Health and Welfare, Republic of Korea.

REFERENCES

1. Hirsch HH. Polyomavirus BK nephropathy: a (re-)emerg-
ing complication in renal transplantation. Am J Trans-
plant 2002;2:25-30.

2. Costa C, Bergallo M, Astegiano S, et al. Monitoring of BK 
virus replication in the first year following renal trans-
plantation. Nephrol Dial Transplant 2008;23:3333-3336. 

3. Nickeleit V, Singh HK, Mihatsch MJ. Polyomavirus ne-
phropathy: morphology, pathophysiology, and clinical 
management. Curr Opin Nephrol Hypertens 2003;12:599-
605.

4. Hirsch HH, Brennan DC, Drachenberg CB, et al. Poly-
omavirus-associated nephropathy in renal transplanta-
tion: interdisciplinary analyses and recommendations. 
Transplantation 2005;79:1277-1286.

5. Hirsch HH, Steiger J. Polyomavirus BK. Lancet Infect Dis 
2003;3:611-623.

6. Purighalla R, Shapiro R, McCauley J, Randhawa P. BK 
virus infection in a kidney allograft diagnosed by needle 
biopsy. Am J Kidney Dis 1995;26:671-673.

7. Lee SO. Common infections in solid organ transplant 
recipients. Korean J Med 2013;84:145-157. 

8. Chung BH, Jung MH, Bae SH, et al. Changing do-
nor source pattern for kidney transplantation over 40 
years: a single-center experience. Korean J Intern Med 
2010;25:288-293. 

9. Chung BH, Hong YA, Kim HG, et al. Clinical usefulness 
of BK virus plasma quantitative PCR to prevent BK virus 

KEY MESSAGE 

1. The risk for allograft failure increased in pa-
tients with advanced-stage BK virus-associated 
nephropathy (BKVAN), poor renal function, and 
BKVAN combined with acute allograft rejection 

at the time of diagnosis of BKVAN. 
2. Early detection of BK virus replication before 

the development of BKVAN and, when sus-
pected, a prompt biopsy for early diagnosis are 
important.

www.kjim.org


872 www.kjim.org http://dx.doi.org/10.3904/kjim.2015.30.6.865

The Korean Journal of Internal Medicine Vol. 30, No. 6, November 2015

associated nephropathy. Transpl Int 2012;25:687-695.
10. Hurault de Ligny B, Etienne I, et al. Polyomavirus-in-

duced acute tubulo-interstitial nephritis in renal allograft 
recipients. Transplant Proc 2000;32:2760-2761.

11. Ahuja M, Cohen EP, Dayer AM, et al. Polyoma virus infec-
tion after renal transplantation: use of immunostaining 
as a guide to diagnosis. Transplantation 2001;71:896-899.

12. Barri YM, Ahmad I, Ketel BL, et al. Polyoma viral infec-
tion in renal transplantation: the role of immunosup-
pressive therapy. Clin Transplant 2001;15:240-246.

13. Hirsch HH, Mohaupt M, Klimkait T. Prospective mon-
itoring of BK virus load after discontinuing sirolimus 
treatment in a renal transplant patient with BK virus ne-
phropathy. J Infect Dis 2001;184:1494-1495.

14. Hirsch HH, Knowles W, Dickenmann M, et al. Prospec-
tive study of polyomavirus type BK replication and ne-
phropathy in renal-transplant recipients. N Engl J Med 
2002;347:488-496. 

15. Babel N, Fendt J, Karaivanov S, et al. Sustained BK viruria 
as an early marker for the development of BKV-associat-
ed nephropathy: analysis of 4128 urine and serum sam-
ples. Transplantation 2009;88:89-95. 

16. Viscount HB, Eid AJ, Espy MJ, et al. Polyomavirus poly-
merase chain reaction as a surrogate marker of poly-
omavirus-associated nephropathy. Transplantation 
2007;84:340-345.

17. Randhawa P, Brennan DC. BK virus infection in trans-
plant recipients: an overview and update. Am J Transplant 
2006;6:2000-2005.

18. Wiseman AC. Polyomavirus nephropathy: a current per-

spective and clinical considerations. Am J Kidney Dis 
2009;54:131-142

19. Toupance O, Bouedjoro-Camus MC, Carquin J, et al. 
Cytomegalovirus-related disease and risk of acute rejec-
tion in renal transplant recipients: a cohort study with 
case-control analyses. Transpl Int 2000;13:413-419.

20. Ohashi K, Burkart V, Flohe S, Kolb H. Cutting edge: heat 
shock protein 60 is a putative endogenous ligand of the 
toll-like receptor-4 complex. J Immunol 2000;164:558-561.

21. Kang YN, Han SM, Park KK, Jeon DS, Kim HC. BK virus 
infection in renal allograft recipients. Transplant Proc 
2003;35:275-277. 

22. Mengel M, Marwedel M, Radermacher J, et al. Incidence 
of polyomavirus-nephropathy in renal allografts: influ-
ence of modern immunosuppressive drugs. Nephrol Dial 
Transplant 2003;18:1190-1196.

23. Drachenberg CB, Papadimitriou JC, Hirsch HH, et al. 
Histological patterns of polyomavirus nephropathy: cor-
relation with graft outcome and viral load. Am J Trans-
plant 2004;4:2082-2092.

24. Kiberd BA. Screening to prevent polyoma virus ne-
phropathy: a medical decision analysis. Am J Transplant 
2005;5:2410-2416.

25. Randhawa P, Ho A, Shapiro R, et al. Correlates of quan-
titative measurement of BK polyomavirus (BKV) DNA 
with clinical course of BKV infection in renal transplant 
patients. J Clin Microbiol 2004;42:1176-1180.

26. Kim YJ, Jeong JC, Koo TY, et al. Impact of combined acute 
rejection on BK virus-associated nephropathy in kidney 
transplantation. J Korean Med Sci 2013;28:1711-1715. 

www.kjim.org

