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  Abstract 
 Electron microscopy (EM), real-time polymerase chain reaction (PCR) and conventional PCR were used to identify viruses 
associated with infection in 2 transplantation patients. An autologous haematopoietic stem cell, liver and renal transplant 
recipient was found to be positive for simian virus 40 (SV40). Dual BK virus and SV40 infection was found in a heart and 
renal transplantation patient. SV40 infection can occur in immunocompromised patients.  

  Keywords:   Polyomavirus  ,   SV40  ,   PCR  ,   real-time PCR  ,   transplantation patients  ,   renal dysfunction   
  Introduction 

    Simian virus 40 (SV40) was originally thought to 
have been introduced to the human population by 
contaminated vaccines produced in monkey cells 
that were naturally infected with SV40. Several sub-
sequent studies have investigated SV40 infection in 
humans and its potential role in oncogenesis [1,   2]. 
Serologic investigations including individuals who 
are too young to have received the contaminated vac-
cines showed that 1.3% to 15.6% of immunocom-
promised and immunocompetent patient sera have 
antibodies to SV40 [3]. This suggests that SV40 cir-
culates in the human population. However,    the sig-
nifi cance of human infections caused by SV40 
remains unknown. 

 We present 2 cases of transplant patients with 
SV40 infection; one was also positive for BK virus 
(BKV) DNA.   
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 Materials and methods  

 Electron microscopy (EM) 

 Specimens were examined using a Phillips EM420 
or a Phillips CM10 electron microscope (FEI-Philips, 
Hillsboro, OR, USA) at magnifi cations of 62,500 
and 46,000, respectively. Digital images were recorded 
at 92,000 magnifi cation.   

 Real-time polymerase chain reaction (PCR) assay 

 Nucleic acid was extracted from samples according 
to the manufacturer ’ s instructions using the Bio Robot 
MDx and Blood BioRobot MDx kit (Qiagen Ltd, 
Crawley, West Sussex, UK) and stored at  � 20 ° C until 
use. Samples were analysed using BK-specifi c primers 
and probe (BKF, 5 ′ -CAGAGGGAAAGTCTTTAG-
GGTCTTCT-3 ′ ; BKR, 5 ′ -CCTTTAATGAAAAAT-
GGGATGAAGATT3 ′ ; BKVT, 5 ′ -AAGAAGCAAC 
cine  &  Serum Research Institute, Hesarak, Karaj, Iran. Tel:  � 98 9122190406. 
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AGCAGATTCTCAACACT-3 ′ ). Amplifi cation was 
performed on the ABI 7500 real-time PCR  ‘ fast ’  
system using a 2-stage thermal profi le of 95 ° C for 
20 s, followed by 45 cycles of 95 ° C for 3 s then 60 ° C 
for 30 s.   

 Conventional PCR assay 

 Urine and blood samples were analysed by PCR 
using PEP1/PEP2 primers for BKV and JC virus 
(JCV) and 5 sets of previously described primers 
(PYVF/PYVR, T3/T4, TA1/TA2, LA1/LA2 and 
RA1/RA2) targeting different regions of viral genome 
including regulatory region, T Ag and VP1 genes for 
SV40 [1,4,5]. KI virus (KIV) and WU virus (WUV) 
PCR assays were performed on each sample as previ-
ously described [6].   

 Restriction enzyme analysis 

 The PCR products from PYVF/PYVR assay were 
digested with restriction enzyme BamH1 and Hinf1 
overnight at 37 ° C. The digests were analysed by 2% 
agarose electrophoresis.   

 Sequencing 

 PCR amplifi ed fragments were sequenced using the 
Big Dye Terminator Cycle Sequencing kit (Applied 
Biosystems UK Ltd) on an ABI 3100 Genetic 
Analyzer. Contiguous sequences were assembled 
using Sequencher software version 4.6 (Gen Codes 
Corporation, Ann Arbor, MI, USA). Sequences 
were then aligned, followed by removal of mismatches 
and erroneous peaks. To identify virus-specifi c 
sequences a Blast search (NCBI) was performed on 
GenBank.    

 Results  

 Patient characteristics 

 Case 1 was born in April 1951. In 1993, she was 
diagnosed with stage IVB Hodgkin ’ s disease. Pleu-
ral, lung, and bulky mediastinal disease was noted. 
An autologous stem cell transplantation was per-
formed in 2000. She received a second autologous 
stem cell transplant in 2001. Hepatic graft-versus-
host disease occurred post-transplantation. In 2005, 
further hepatic impairment was noted and she 
underwent liver transplantation. She went on to 
develop kidney and adrenal failure and underwent 
renal transplantation. Three years after transplanta-
tion, she presented bilateral oedema. A renal ultra-
sound showed no evidence of obstruction and 
2 normal-sized kidneys with mild bilateral echoge-
nicity. A renal scan was normal. Serum creatinine 
and urea were 400  μ mol/l and 25 mmol/l, respec-
tively. Urine analysis revealed 4 �  albuminuria. Her 
immunosuppressive regimen consisted of tacroli-
mus (4 mg twice daily) and prednisolone (5 mg 
twice daily). After the diagnosis of renal dysfunc-
tion, her tacrolimus and prednisolone doses were 
reduced (2.5 mg twice daily). She declined renal 
biopsy. Polyomavirus infection was diagnosed using 
PCR. She received 4 doses of cidofovir (0.5 mg/kg 
per dose every 2 weeks) and after these interven-
tions, the patient ’ s renal function showed modest 
improvement. She had no haematuria and the lev-
els of creatinine and urea in serum were 100  μ mol/l 
and 8 – 9 mmol/l, respectively. Viruria was resolved 
and renal function remained stable at 6 months 
post-therapy. There was no report of bacterial or 
other viral infection. 

 The second patient was born in July 1968. In 
August 1988 she underwent orthotopic heart trans-
plantation for puerperal cardiomyopathy after the 
birth of her fi rst child. She made good progress post-
transplant until 2003 when she developed increasing 
shortness of breath. Investigations performed dem-
onstrated diffuse and distal coronary artery disease 
with severely impaired left ventricular function. She 
was also noted to have developed signifi cant renal 
impairment over this period. Subsequently the 
patient underwent a combined second orthotopic 
heart and kidney transplant in November 2003. The 
patient made a good recovery and was discharged 
home after 1 month. In the 3 months prior to the 
detection of SV40, she had frequent episodes of 
suprapubic discomfort and dysuria. Renal ultra-
sound and scan were normal and a magnetic reso-
nance angiography was unremarkable. Serum 
creatinine and urea were 300  μ mol/l and 20 mmol/l, 
respectively. Urine analysis revealed 2 �  albuminu-
ria. There was no evidence of haematuria. Renal 
impairment and also recurrent urinary tract infec-
tion (UTI) were diagnosed. Her immunosuppressive 
regimen consisted of cyclosporine (40 mg twice 
daily), mycophenolate (1 mg twice daily) and pred-
nisolone (7.5 mg twice daily). Her immunosup-
pressive therapy was reduced. The new immuno 
suppressive regimen consisted of cyclosporine 
(20 mg twice daily) and prednisolone (2.5 mg twice 
daily). The patient declined renal biopsy. Polyoma-
virus infection was diagnosed using the PCR assay. 
She received 2 doses of cidofovir (0.5 mg/kg per 
dose every 3 weeks). She had good renal function 
1 y after transplantation (serum creatinine 90 
 μ mol/l). There was no report of viruria. Routine 
urine microscopy revealed no bacterial infection, 
and abdominal imaging was unremarkable.   
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 Detection of polyomavirus by EM 

 Negatively stained urine samples were examined by 
transmission electron microscopy (TEM). In both 
cases spherical, non-enveloped virus particles 40 nm 
in diameter were identifi ed, showing the morphology 
characteristic of polyomavirus (Figure 1).   

 Real-time PCR assay 

 Urine samples from each patient were subsequently 
examined by real-time PCR for BKV and JCV. BKV 
DNA was detected at low level (706 copies/ml) only 
in patient 2.   

 Viral identifi cation by conventional PCR 
and restriction enzyme 

 Urine and blood samples were separately examined 
by conventional PCR for JCV, BKV, SV40, KIV, and 
WUV. Samples from patient 1 were negative in the 
JCV/BKV PCR assay, but positive in the SV40 PCR 
assays. Samples from patient 2 were positive in both 
JCV/BKV and SV40 PCR assays. KIV and WUV 
PCR assays were negative in both patients ’  samples. 
PCR products analysed by BamH1 were uncleaved 
(characteristic of BKV PCR products), whereas 
products treated by Hinf1 were cleaved into the 110-, 
54-, and 4-bp fragments characteristic of SV40.   

 Sequence analysis 

 The DNA fragments of all PCR assays were 
sequenced in both directions. For patient 1, sequences 
f i g 2
were 98 – 100% identical to the published sequences 
of SV40 and for the second patient, sequences revealed 
99% similarity with the published respective sequences 
of both SV40 (  AF316139.1  ;   AF332699.1  ;   AF316141.1  ; 
  AF155359.1  ;   AF155358.1  ;   AF156107.1  ) and BKV 
(  AB269823  ;   AB269848  ;   V01108  ) in GenBank. SV40 
DNA sequences from patient 1 showed 4 point muta-
tions compared to the positive control sequences (par-
tial LT Ag: at nucleotides 2824 and 3000; partial VP1: 
at nucleotides 2287 and 2379). SV40 DNA sequences 
from patient 2 exhibited 3 deletions (LT-Ag: at nucle-
otides 2938 and 2939; VP1: at nucleotide 2297) and 
3 point mutations (LT-Ag: at nucleotides 2743; VP1: 
at nucleotides 2404 and 2476) compared to the 
positive control sequences (Figure 2).    

 Discussion 

 Molecular evidence of SV40 infection was found in 2 
transplantation patients. The diagnosis of polyomavi-
rus was made after TEM examination of urine. The 
usual threshold of sensitivity of TEM is about 10 7  
particles per ml. However, no JC or BK virus DNA 
was detected in patient 1 by real-time PCR, and only 
a low level (706 copies/ml) of BKV DNA was detected 
in patient 2. Using conventional PCR followed by 
restriction enzyme analysis and sequencing, patient 1 
was found to be positive for SV40, and patient 2 was 
found to be positive for both BKV and SV40. In case 
2, the low level of BKV DNA (706 copies/ml) implies 
that most of the virus was SV40. This is confi rmed by 
the PCR results, in that SV40 was more readily ampli-
fi ed from the samples than BK virus when using con-
ventional PCR. The risk of false-positive results due 
to contamination by common laboratory plasmids 
containing SV40 sequences has been reported [7]. To 
avoid or reduce this risk, 5 separate regions of the viral 
genome (in total 1565 bp) were amplifi ed. They con-
tain a 172-bp fragment of the N-terminus of SV40 
large T antigen gene (PCR assay using PYVF/PYVR 
primers), a 441 bp fragment of the C-terminus of 
SV40 large T antigen gene (PCR assay using TA1/TA2 
primers), a 344 bp fragment of the large T antigen 
gene (PCR assay using T3/T4 primers), a 294 bp frag-
ment of the VP1 gene (PCR assay using LA1/LA2 
primers) and a 314 bp fragment of the regulatory 
region (PCR assay using RA1/RA2 primers). DNA 
sequencing data from all 5 PCR fragments confi rmed 
the identity of SV40 detected. To prevent PCR 
contamination, general laboratory procedures were 
strictly performed. Furthermore, re-testing the posi-
tive samples with the same PCR conditions produced 
identical results, indicating no variability in the assay. 
Contamination by the plasmid template is also unlikely 
because water controls were consistently negative and 
Figure 1. Morphology of polyomavirus particles after negative 
staining. Spherical and non-enveloped virus particles of approxi-
mately 40 nm in diameter are shown.
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A
             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2670       2680       2690       2700       2710  
Control776   aacaagttaa caacaacaat tgcattcatt ttatgtttca ggttcagggg  

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2720       2730       2740       2750       2760  
Control776   gaggtgtggg aggtttttta aagcaagtaa aacctctaca aatgtggtat  

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 
sample 003   .......... .......... .......... ..t....... ..........
sample 004   .......... .......... .......... ..t....... ..........

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2770       2780       2790       2800       2810  
Control776   ggctgattat gatcatgaac agactgtgag gactgagggg cctgaaatga  

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                     2820       2830       2840       2850       2860 
Control776   gccttgggac tgtgaatcaa tgcctgtttc atgccctgag tcttccatgt  

sample 001   .......... ...a...... .......... .......... .......... 
sample 002   .......... ...a...... .......... .......... .......... 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2870       2880       2890       2900       2910  
Control776   tcttctcccc accatcttca tttttatcag cattttcctg gctgtcttca  

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2920       2930       2940       2950       2960  
Control776   tcatcatcat cactgtttct tagccaatct aaaactccaa ttcccatagc  

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 
sample 003   .......... .......... .......--. .......... .......... 
sample 004   .......... .......... .......--. .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2970       2980       2990       3000       3010 
Control776   cacattaaac ttcatttttt gatacactga caaactaaac tctttgtcca 
sample 001   .......... .......... .......... ......... g  .......... 
sample 002   .......... .......... .......... ......... g  .......... 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 
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Figure 2.     Nucleotide sequences of the partial large T antigen (T-Ag) (A) and the partial VP1 (SV40 VP1 PCR assay) (B) of simian virus 
40 (SV40) isolate sequences compared to positive control. Each sample is identifi ed on the left (positive urine and blood samples from 
patient 1: 001 – 002; positive urine and blood samples from patient 2: 003 – 004). Dots indicate identity and dashes indicate a deletion 
compared to the sequence of positive control, which is given on the top line.  
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B             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2290       2300       2310       2320       2330 
Control776   cttgtatgtt tctgctgttg acatttgtgg gctgtttacc aacacttctg  

sample 001   ......a... ...... . ... .......... .......... .......... 
sample 002   ......a... .......... .......... .......... .......... 
sample 003   .......... ......-... .......... .......... .......... 

sample 004   .......... ...... - ... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2340       2350       2360       2370       2380 
Control776   gaacacagca gtggaaggga cttcccagat attttaaaat tacccttaga  

sample 001   .......... .......... .......... .......... ........c. 
sample 002   .......... .......... .......... .......... ........c. 
sample 003   .......... .......... .......... .......... .......... 
sample 004   .......... .......... .......... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2390       2400       2410       2420       2430 
Control776   aagcggtctg tgaaaaaccc ctacccaatt tcctttttgt taagtgacct   

sample 001   .......... .......... .......... .......... .......... 
sample 002   .......... .......... .......... .......... .......... 

sample 003   ... . ...... .......... ...g...... .......... .......... 
sample 004   ... . ...... .......... ...g...... .......... .......... 

             ....|....| ....|....| ....|....| ....|....| ....|....|  
                    2440       2450       2460       2470       2480 
Control776   aattaacagg aggacacaga gggtggatgg gcagcctatg attggaatgt  

sample 001   .......... .......... .......... .......... ..... ..... 
sample 002   .......... .......... .......... .......... ..... ..... 
sample 003   .......... .......... .......... .......... .....t.... 
sample 004   .......... .......... .......... .......... .....t.... 

Figure 2. (Continued)

Sc
an

d 
J 

In
fe

ct
 D

is
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
T

he
 U

ni
ve

rs
ity

 o
f 

M
an

ch
es

te
r 

on
 0

1/
12

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
both assays were easily reproducible. In addition, the 
presence of polyomavirus DNA was determined on 
the simultaneously positive signal in 5 (in the case of 
SV40) or 2 (for other viruses) different PCR assays. 
Further investigation by sequencing revealed that the 
DNA detected were similar, but not identical to pos-
itive control sequences with respect to the partial 
LT-Ag and VP1 sequences (Figure 2). Variation in the 
DNA sequences argues strongly against laboratory 
contamination as an explanation for the fi nding. 

 Although SV40 infection has been previously 
reported in single renal and lung transplant patients 
[8,9], to our knowledge it has not been described 
after multi-organ allografts. Organ-transplant recipi-
ents are at risk of polyomavirus infection. The role of 
BKV in polyomavirus-induced renal dysfunction is 
well established [10], but it is possible that SV40 
infection also plays a role [9]. Our data support pre-
vious conclusions that SV40 infection is present in 
the human population and can cause infections in 
immunocompromised transplant recipients. Renal 
dysfunction after organ transplantation may be caused 
by cyclosporin toxicity, polyomavirus infection, or 
both factors. In our cases, the urinary shedding of 
SV40 DNA may suggest active replication of virus in 
kidneys in the setting of potent immunosuppression 
after multiple organ transplantation, and/or from the 
loss of renal epithelial cells or immune cells in the 
urine as a result of renal infl ammation [8]. Therapeu-
tic intervention, including reduction of immunosup-
pressive therapy in combination with antiviral therapy, 
improved renal function in both patients. To differen-
tiate diagnosis for renal dysfunction, radiographic 
studies such as ultrasound and renal scan were per-
formed to rule out the presence of an obstructive 
process or a vascular complication. Our data do not 
however establish a fi rm diagnosis of polyomavirus 
nephropathy as no renal biopsies were performed. 
This study adds support to a proposal from a previ-
ous study that kidney may represent a reservoir for 
SV40 infection. Co-infection of SV40 and BKV was 
detected, as observed previously [8]. 

 In conclusion, SV40 infection can occur in immu-
nocompromised patients indicating that SV40 is circu-
lating in the community. SV40 could be a potential agent 
of kidney disorders in immunosuppressed patients. 
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 Further studies are needed to establish the 
frequency and clinical impact of SV40 in this patient 
group.     

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 
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