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Abstract. The number of end stage renal failure patients 
receiving hemodialysis or peritoneal dialysis in Taiwan is on 
the increase. Of the various treatment options, kidney trans-
plantation is considered to be the ultimate choice, however, it 
may lead to certain complications, including the infection or 
reactivation of the BK virus (BKV). Such viral complications 
may cause nephritis of the donated kidney and eventually 
dysfunction and transplantation failure. Therefore the early 
detection of BKV may be beneficial for kidney transplant 
recipients. The aim of the present study was to demonstrate 
the impact of BKV infection on renal function and to show 
the feasilibility of urine qualitative polymerase chain reaction 
(PCR) as a screening test in renal transplantation patients. 
A total of 250 patients were screened for the presence of 
BKV or John Cunningham virus (JCV) DNA in the urine 
via qualitative PCR. Subjects positive for urine screening 
were then further tested using blood sampling. The results 
showed that 16 patients (6.4%) were co‑infected by BKV and 
JCV with a prevalence of 20.4 and 38.4%, respectively. The 
correlations between viral infection and renal function were 
further analyzed to show that an infection of BKV has signifi-
cant effects on the serum creatinine concentration. The mean 
serum creatinine concentration of the BKV‑positive patients 
was 1.39±0.09 mg/dl, which was significantly higher than 
that of the BKV‑negative patients (1.21±0.03 mg/dl; P<0.05). 
However, JCV infection has no such effect on renal function. 
Taken together, these results suggested that PCR monitoring of 
BKV with urine samples is a rapid, non‑invasive and beneficial 
method for the prevention of renal complications during the 
long‑term care of kidney transplant recipients.

Introduction

The BK virus (BKV) is a small, non‑enveloped, double‑stranded 
DNA virus with a circular DNA genome of ~5,300 bp (1). 
BKV is a member of the polyomavirus family, consisting of 
BKV (a major cause of renal allograft dysfunction) (2,3), the 
John Cunningham virus (JCV; responsible for progressive 
multifocal leukoencephalopathy) (4,5) and simian virus 40 
(SV40). The transmission of BKV occurs mainly via the oral 
or respiratory route and generally happens in early childhood 
with only minor symptoms of the upper respiratory tracts or it 
may even be asymptomatic (6).

BKV may be indefinitely latent in the kidney, urinary 
tract or lymphoid tissue, therefore this viral infection may 
be reactivated by immunosuppression and cause several 
complications, including meninx encephalitis, atypical reti-
nitis, cystitis and tubulointerstitial nephritis (7‑10). Since the 
first case diagnosed by Purighalla et al in 1995 (11), BKV 
nephropathy (BKVN) has emerged as a significant cause of 
graft dysfunction (12‑14). Early detection of BKV infection 
within the stages of asymptomatic viuria and viremia has 
been proposed as a beneficial tool for a preventative treatment 
against BKVN. Urine cytology has been implemented for 
screening decoy cells, however, this provides lower positive 
predictive values and is highly technician‑dependent (15). 
The aim of the present study was to demonstrate the impact 
of BKV infection on renal function, as well as the feasibility 
of urine qualitative polymerase chain reaction (PCR) assays 
as a screening test for BKV infection in renal transplantation 
patients.

Materials and methods

Patients and clinical specimens. In total, 250 renal trans-
plant recipients (134 male and 116 female; patient age range, 
24-78 years with a mean age of 51.86±2.1 years) were prospec-
tively enrolled for BKV screening with qualitative PCR at the 
Chung‑Shan Medical University Hospital, Taichung, Taiwan.
Urine was collected as midstream samples in a sterile container 
and blood samples were collected in EDTA tubes. The urine 
and blood samples were stored at 4˚C and assayed within 
3 days of collection. The urine specimens were centrifuged at 
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105,000 x g for 1 h and the resultant sediment was re‑suspended 
in 200 µl sterilized water. DNA was extracted by the QIAamp® 
DNA Blood Mini kit (Qiagen, Basel, Switzerland) and eluted 
with 150 µl elution buffer. The blood samples were centrifuged 
at 1,900 x g for 5 min and the DNA was extracted from the 
plasma using the same protocols. Serum creatinine levels were 
obtained by an Olympus AU2700 (Olympus Co Ltd., Tokyo, 
Japan) in the Clinical Laboratory of the Chung Shan Medical 
University Hospital.

Primers and qualitative PCR. The isolated DNA was ampli-
fied by PCR using primers consentaneous for BKV and JCV 
(F1, 5'‑GAT GGC CCC AAC CAA AAG‑3' and R1, 5'‑CTA 
GAA CTT CTA CTC CTC C‑3'). Following denaturation for 
3 min at 95˚C, the PCR reaction was subjected to 30 cycles 
of 30 sec at 95˚C, 30 sec at 40˚C and 30 sec at 72˚C, followed 
by a final extension at 72˚C for 5 min. The amplified products 
were analyzed by gel electrophoresis with the anticipated size 
of the amplified product being 110 and 86 bp for BKV and 
JCV, respectively (Fig. 1).

Statistical analysis. A Student's t‑test was used for the statis-
tical analysis involving the continuous variables. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics and effect of BKV on serum creatinine 
concentration levels. The demographic data on the renal 
transplant recipients are shown in Table I. Of the 250 patients, 
134 were male and 116 were female. The patient age ranged 
from 24 to 78 years (mean age, 51.86±2.1 years). According to 
the results of the PCR screening, 51 (20.4%) and 96 patients 
(38.4%) were positive for BKV and JCV, respectively, while 
119 patients (47.6%) were negative for the viruses together 
and 16 patients (6.4%) were co‑infected by BKV and JCV. 
Based on their infection status, the patients were categorized 
into 4 groups and analyzed for the correlations between viral 
infection and renal function. As shown in Table I, BKV had 
a significant impact on serum creatinine concentration as 
the mean serum creatinine concentration of patients positive 
for only BKV was 1.39±0.09 mg/dl, which was significantly 
higher than that of patients negative for the two viruses 
(1.21±0.03; P<0.05; Fig.  2A). This effect existed for each 
gender. In contrast, JCV infection had no or only a slight effect 
on renal function.

Infection status of patients. With regard to further blood 
screening in the patients with BKV viuria, the patients were 
grouped based on their BK infection status into BKV‑negative 
(199 patients, 79.6%), BKV viuria (43 patients, 17.2%) and BKV 
viuria/viremia (8 patients, 3.2%) groups (Table II). However, 
there was no significant difference in the serum creatinine 
concentration between the BKV‑negative (1.24±0.02 mg/dl) and 
BKV viuria/viremia groups (1.39±0.23 mg/dl; P=0.241; Fig. 2B). 
Overall, the results suggested that PCR monitoring of BKV with 
urine samples was a rapid, non‑invasive and beneficial method 
for the long‑term care of kidney transplant recipients. This aids 
in our understanding of the significance of looking after kidney 
transplant patients that have been infected by BKV.

Discussion

Although numerous studies (12,14) in recent years have 
explored the reasons behind post‑kidney transplant compli-
cations, the majority extracted the patients' blood for virus 
detection and extremely few performed virus detection 

Figure 1. Gel electrophoresis of the PCR amplified product. S1 was negative; 
S2 was BKV‑positive/JCV‑positive; S3 was negative; S4 was BKV‑positive; 
S5 was JCV‑positive. M, 100 bp marker; NC, negative control; BKV, positive 
control; JCV, positive control; S, sample; PCR, polymerase chain reaction, 
BKV, BK virus, JCV, JC virus. 

Figure 2. Mean serum creatinine levels in the renal transplantation patients 
with varying statuses of viral infection. (A) All patients (n=250): Group I, 
patients negative for the two viruses (n=119); group II, patients positive 
for only BKV (n=35); group III, patients positive for only JCV (n=80); and 
group IV: patients positive for BKV and JCV (n=16). (B) BKV‑negative in 
urine and blood (n=199); BKV‑positive in urine but negative in blood (n=43); 
BKV‑positive in urine and blood (n=8). BKV, BK virus; JCV, JC virus.
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based on the patients' urine. Therefore, the present study 
established a viable detection method and sought to provide 
valid data references for clinicians more rapidly. Subsequent 
to ultracentrifugation (105,000 x g, 1 h) of the urine specimens 
obtained from the 250 kidney transplant patients, DNA was 
extracted for PCR analyses to assess whether polyomavirus 
(BKV or JVC) infections had occurred. The results showed 
that the blood serum creatinine concentrations for the kidney 
transplant patients without any viral infections and for those 
patients with the BKV infection only were 1.21±0.03 and 
1.39±0.09 mg/dl, respectively, thus exhibiting a significant 
difference (P<0.05). This result indicated that for this group of 
kidney transplant patients, the development of a BKV infection 
would lead to kidney damage and decreasing kidney function. 
Therefore, early detection of the BKV virus was extremely 
beneficial for the patients.

Generally, post‑transplant diabetes mellitus (PTDM) 
occurs within 3 months of transplantation (16). The results of 
the present study showed that from the 250 participating kidney 
transplant patients, no significant statistical difference was 
observed between the blood serum creatinine concentrations 
and glomerular filtration rates (GFRs) of the patients without 
viral infection, with BKV infection only, with JCV infection 
only or with BKV and JCV infection under the conditions of no 
diabetes mellitus (N‑DM), diabetes mellitus (DM) or PTDM. 
Although previous studies have indicated that the occurrence 
of PTDM is generally related to the use of immunosuppres-
sants following kidney transplantation (17,18), the patients with 
viral infections and PTDM in the present study were limited 
and the results were not comparable any further.

The clinical BKV nephropathy detection method currently 
applied requires the patients' blood serum creatinine (mg/dl) 
concentration to reach a certain level, indicating that condi-
tions are already poor. The method also requires decoy cells to 
be identified through urine cytology tests prior to performing 
kidney biopsy confirmation, which requires a longer period of 
time (19, 20). In the present study, DNA detection was directly 
performed using the patients' urine. Through electrophoresis 
analysis, the results obtained using the two centrifugation 
methods were observed to be identical. Besides providing 
patients with earlier and more rapid test results, the method of 
the present study also provides a faster reference for clinicians 
to administer appropriate immunosuppressant treatments to 
patients, reducing the likelihood of BKV infections damaging 
the functions of the transplanted kidney. 

During the present study, a noteworthy situation was also 
observed. When comparing the conditions for the kidney 
transplant patients infected with the two viruses, the blood 
serum creatinine concentrations for the patients without viral 
infection and for the patients with BKV infection only were 
1.21±0.03 and 1.39±0.09 mg/dl, respectively, thus exhibiting a 
significant difference (P<0.05). Following BKV infection, the 
blood serum creatinine concentrations increased. However, 
in the patients co‑infected with BKV and JVC, the blood 
serum creatinine concentration was 1.18±0.05 mg/dl and had 
decreased, exhibiting a level that was an improvement on that 
of the patients without infections. Whether this means that 
JCV infection is able to inhibit the effects of BKV infection 
or not is worthy of investigation. Currently, JCV infection is 
considered to only affect the central nervous system (21,22); 

thus, few studies have explored its effects on the kidneys. 
Therefore, further investigations and comparisons of the 
interaction and effects of JCV and BKV during coinfection 
are worth pursuing.

Finally, the results of the present study have shown that the 
extraction of DNA directly from the urine for PCR detection 
is critical for kidney transplant patients. This method is able 
to provide earlier detection of BKV viral infections, allow 
prompt administration of appropriate immunosuppressant 
treatments among patients and reduce the likelihood of BKV 
infections damaging the functions of the transplanted kidney. 
Additionally, urine cytology observations and blood BKV 
viral infection detection may be combined with biopsies and 
immunohistochemical staining to confirm BKV nephropathy 
and provide the most effective treatment and assistance to 
patients who have received a kidney transplant.
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