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Summary. — The  d o t  E L I S A  technique was applied fo r  direct 
detection of B K  virus in clinical urine samples. T h e  assay w a s  
performed on nitrocellulose paper  do t t ed  with t h e  polyethylene 
glycol precipitated urine samples f ree  of cellular debris.  B K  v i rus  
was  detected wi th  a n  an t i -BK virus monoclonal ant ibody,  a n d  
t h e  complex was  visualized b y  immunoperoxidase staining. Posi­
t ive  reaction appeared as well-defined d a r k  blue spots.  Of t h e  
110 urine samples examined, 31 were positive i n  t h e  d o t  E L I S A  
and  79 proved negative. Comparing wi th  t h e  I I F  results,  t h e  d o t  
E L I S A  h a d  a 88.46% of sensibility a n d  90.4% of specificity, a n d  
t h e  results agreed completely in 99 samples. T h e  simple d o t  
E L I S A  technique can b e  recommended fo r  detection of B K  virus  
excretion in  rout inary  diagnostic. 
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Introduction 

T h e  B K  virus  (BKV), a h u m a n  papovavirus,  was  isolated f r o m  t h e  urine 
of renal  t ransplants  pa t ien t s  in  1971 (Gardner  et al., 1971). Infect ion wi th  
B K  virus  in  children was  described b y  different au thors  in  association wi th  
respiratory symptoms (Goudmist  et al., 1982) a n d  nonhaemorrhagic cystitis 
(Padget t  et cil., 1983). I n  renal  t ransp lan ts  pat ients ,  B K V  excretion is highly 
f requent  a n d  was  associated wi th  ure thra l  stenosis (Coleman et al., 1978) 
a n d  haemorrhagic cystitis (Arthur  et al., 1986). 

As  vi rus  growth  in  culture is slow (Gardner  et al., 1971), following techni­
ques t o  de tec t  ur inary  excretion of B K V  were used: electron microscopy (Le-
catsas  et al., 1978), cytology (Coleman, 1975), immunofluorescence (Hogan 
et al., 1980), E L I S A  (Arthur  et al., 1983) a n d  DNA-DNA hybridizat ion 
(Harley  et al., 1982; Gibson et al., 1985). E n z y m e  immunoassay (ELISA) 
has  proved t o  b e  a rap id  and  sensitive technique t o  detect  t h e  antigens of 
a grea t  var ie ty  of infectious agents. However,  t h e  materials  generally used 
i n  solid phase E L I S A  have  a relatively low protein-binding capacity.  

T h e  use of nitrocellulose (NC) in Western  blot  h a s  demonst ra ted  t h e  
superior binding capaci ty of th is  subst ra te  (Towbin et al., 1979; Heberl ing 
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and  Kalter, 1080). This property has been exploited b y  different laboratories 
in" order to  develop a technique called "dot  1ÍLISA" or "dot  immunobind-
ing"  with good results (Bode et al., I!t84; Zerbini and Musioni, 1987; Blum-
berg  et al., I i)87). The  technique involves  the direct application o f  antigens 
to  nitrocellulose strips a n d  detection of  the  antigen-antibody complex w i th  
enzyme-linked antiglobulins a n d  substrate b y  forming an  insoluble, coloured 
endproduct.  W e  developed a method  to  detect BK.V antigen in urines w i th  
a peroxidase conjugate and the precipitable substrate 5-bromo-4-chloro-
naphtol  phosphate wh ich  forms a n  intense b lue  colour on the filters. 

Materials and Methods 

Samples. W o  tested 70 urinu samples f r o m  the  same number of immunocompromised patients 
(40 renal transplants,  20 AIDS, 10 patients  with malignancies submitted u s  four  routine polyoma-
viruses  studies) and 40 samples from the  same number of people from the  laboratory s ta f f  (con­
t rol  group).  

Indirect immunofluorescence {IIF). W e  used t h e  t echn ique  previously described b y  H o g a n  
et al. (1980). T h e  ur ine  samples  wore cen t r i fuged ,  t h e  pellet  w a s  r insed twice  w i th  0.15 mol/1 
phospha te  buffered saline (PBS) p H  7.4, resuspended in t h e  s a m e  buffer ,  placed o n  t h e  slide, 
a i r  dr ied ,  a n d  fixed with  cold acetone.  A n  a n t i  B K V  monoclonal a n t i b o d y  (kindly provided  b y  
J. C. Nicolas a n d  F .  Bricout)  was  appl ied in a mois t  chamber  a t  37 °C fo r  30 min ,  t h e  slides 
wore washed in t hree changes  of P B S  a n d  dried.  T h e  fluorescein-conjugated g o a t  an t imouse  I g G  
(Diagnostic Pas teur )  was  t h e n  applied t o  t h e  t e s t  wells, t h e  slides were incuba ted ,  washed,  a n d  
dried a s  before  a n d  coverslips were m o u n t e d  a n d  examina ted  i n  t h e  fluorescence microscope. 

Dot I'JLISA. One  mililiter of each clarified urino sample  w a s  mixed  w i th  0.2 m l  of 5 0 %  
polyethylene glycol ( P E G  0000) 0.4 mol/1 NaCl in a 1.5 m l  conical centr i fuge t u b e  (Eppendorf ,  
F .R .G . )  a n d  incubated  f o r  one  h o u r  a t  0 °C. L a t e r  each t u b e  w a s  cent r i fuged a t  10 000 rev /min  
for  1 h r  a n d  t h e  resul t ing  pellet  w a s  resuspended in  50 m l  of buffer  sample  (composed of 0 . 5 %  
T r i t o n  X-100 in PBS) .  T h e  resuspended pellet was  immedia te ly  used o r  s tored  f o r  a shor t  t ime  
a t  — 2 0  °C. T h e  precipi ta tes  were placed in a n  individual  well of t h e  Hibrislot  Manifold Appar ­
a t u s  conta in ing  a nitrocellulose m e m b r a n e  (0.45 ml) .  T h i r t y  minu t e s  l a te r  suct ion was  applied 
t o  fac i la te  t h e  adsorp t ion  of t h e  pro te in  t o  nictrocellulose ( F u r u y a  et al., 1984), t h e n  t h e  filter 
w a s  dr ied a t  37 °C f o r  1 h r  a n d  t h e n  blocked fo r  2 h r  a t  t o o m  t empera tu re  wi th  10 m l  of 2 . 5 %  
bovine se rum a lbumine  (BSA) in P B S  a n d  finally rinsed twice w i th  0 .001% Tween  20 d i lu ted  
in P B S .  

Immedia te ly ,  t h e  filter w a s  incubated  fo r  4 h r  in a n t i - B K V  monoclonal a n t i b o d y  (1/500 di­
lution),  washed t h r ee  t imes  (5 minu t e s  each) wi th  PBS-Tween a n d  twice wi th  P B S  alone,  l a te r  
o n  t h e  filter was  incuba ted  fo r  a n o t h e r  4 h r  wi th  a 1 : 100 di lut ion of g o a t  ant i -mouse I g G  con­
juga t ed  w i th  horseradish peroxidase ( Ins t .  P a s t e u r  Product ion) .  T h e  monoclonal  a n t i b o d y  a n d  
con juga te  were di luted in P B S  conta in ing  0 . 5 %  BSA,  a n d  incuba ted  i n  a r o t a t o r y  p l a t fo rm a t  
room t empera tu re .  A f t e r  t h e  las t  incuba t ion ,  t h e  filter was  washed in  t h e  s a m e  w a y  a n d  t h e  
immunological  reac t ion  w a s  developed wi th  t h e  s u b s t r a t e  solut ion m a d e  u p  in  4-chloro-l-
naphtol -hydrogon poroxido yielding a blue spo t  (for 10 — 00 min). 

Controls. The  supernatant  of Vero cells infected with the Gardner strain of B K v i rus  (haemag-
glutination t i tre  1 : 128) w a s  diluted in sample buf fer  from 1 : 20 to  1 : 2480 and used a s  posit ive 
control. A urine sample with high quant i ty  of BKV-liko particlos (selected b y  electron micro-
scopy) w a s  diluted 1 : 10 to  1 : 200 in PBS, treated a s  described above  and included in all  filters. 
A s  negat ive  controls, f ive BKV-nogativo urine samples were collected from five individuals 
who were negat ive  for  both IF and electron microscopy; the B K V  negat ive  urino samples were 
processed for  I F  and dot  E L I S A  a s  described above.  T o  tes t  the specificity of our assay,  w e  
applied partial ly  purified antigen preparations of herpes simplex v i r u s  (HSV), respiratory 
syncytial  v i rus  (HSV) and cytomegalovirus (CMV) to  the  filters. Filters treated with fivo B K V -
positive urine samples were also incubated with monoclonal antibodies against  H S V ,  R S V  or 
(-MV, respectively. T o  assess tho reproducibility of the  assay,  wo tested f i v e  positive urine 
samples b y  both I F  and dot  K LISA in five difforont trials during 5 months and ono positive 
urine sample fifteen times on tho sumo filter. 



E L I S A  FOR B K  V I R U S  

Fig. 1 
Dot E L I S A  filter for  B K  v i r u s  
Positions A I ,  A2,  A3,  a n d  B 3  show  A 
typical  results obtained with  positive 
samples. A4,  A5,  B l ,  a n d  B 2  w a r s  
negative.  B 4  w a s  tli3 nagabiva con­
t ro l  (urine samples  negat ive  b y  elec-  D 

t r o n  microscopy a n d  I I F ) ;  a n d  B 5  ^ 
w a s  t h e  posi t ive control  ( suparna tan t  
of posi t ive cul ture) .  

Results 

Fig. 1 shows t h e  typical appearance of a d o t  E L I S A  on a NO membrane  
onto  which urine sample has  been adsorbed. One hundred  and  t e n  ur ine 
specimens were examined b y  this  technique for t h e  presence of virus B K  
and  t h e  results were compared wi th  t h e  I F  technique. Of t h e  urine samples 
tested,  31 were positive b y  d o t  E L I S A  (2S.18%). The  number  of positive 
pat ients  in  each of t h e  clinical categories investigated is shown in Fig.  2. 
B K V  was detected in all groups, including t h e  control pa t ients  (12.5% 
positives). 

Comparing t o  I F  results (Fig. 3), 23 samples were positive in  b o t h  
assays, 76 were negative in  bo th ,  a n d  11 h a d  discordant results. Of these,  
3 urine samples were I F  positive b u t  d o t  E L I S A  negative,  8 were d o t  E L I S A  

° positive b u t  I F  negative.  T h e  3 specimens which gave  negative results in 
d o t  E L I S A  b u t  were positive in  I F  revealed only 1 or 2 fluorescent cells, 
while t h e  8 negative samples b y  I F  b u t  positive b y  do t  E L I S A  h a d  ve ry  few 
cells in t h e  urine sediment.  Of t h e  lat ter ,  5 came f rom heal thy  subjects with­
o u t  evident cyturia.  The  infected culture supernatant  was  positive unt i l  
dilution 160 a n d  t h e  urine sample showing m a n y  BKV-like particles was  
positive unt i l  dilution 1 : 80; t h e  routinellv used dilution in each experiment  
was 1 : 20. 

The  urine samples used as negative controls remained as such in  all as-
saj ' s  a n d  n o  cross reaction was detected between t h e  monoclonal ant ibody 

Fig. 2 
Clinical s t a t e  of pa t i en t s  a n d  d o t  

E L I S A  resul ts .  
B lack  columns:  posi t ive samples;  whi te  
columns:  negat ive  samples.  
Abscissae: p e r  c e n t  of posit ives e x a m ­
ined.  
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Comparison between I F  and dot  E L I S A  
f o r  B K virus  

t o  B K V  a n d  t h e  o t h e r  v i ra l  a n t i g e n  tested.  T h e  five B K V  p o s i t i v e  u r i n e  
s a m p l e s  a s s a y e d  w i t h  m o n o c l o n a l  a n t i b o d y  t o  H SV, R S V ,  a n d  CMV w e r e  
f o u n d  n e g a t i v e .  T h u s ,  a c c o r d i n g  t o  t h e s e  criteria, t h e  r e p r o d u c i b i l i t y  a n d  re-
p e a t i b i l i t y  o f  t h e  test w a s  excelent .  

Wo have described a dol ELISA assay in which the B K V  antigen from, 
human urine was dotted b y  means of Hibrislot Manifold onto a NC mem­
brane and detected with a specific monoclonal antibody, a peroxidase con­
jugated anti-mouse IgG, and a precipitable substrate. In preliminary exper­
iments we applied the urine pellet directly onto the filter but the presence 
of cellular debris resulted in a decreased sensitivity of the assay making 
the interpretation of results very difficult. The precipitation of clarified 
urine sample-; with l'EGr-6000 provided excellent results especially when 
(lie precipitates were treated with Triton X-100 in order to expose the anti­
genic sites present in the inner structure of the virion. The use of filtration 
apparatus avoided the dots to  spread on the membrane. The total time of 
the assay may be reduced with incubations at 37 °C but this time can vary 
as a function of serum and conjugate dilutions; none of them was evaluated 
in t his study. 

According t o  t h e  results obtained b y  I F ,  which  is routinerily u s e d  in our 
laboratory, d o t  E L I S A  had a 88 .4 i i%  o f  sensibil ity and  90. t %  o f  specificity,  
but was  complete ly  flexible with regard t o  the  number o f  specimens tha t  
could be  tested.  W i t h  d o t  E L I S A  we  could detect  B K V  in cell-free urine 
samples.  Th i s  s eems  t o  u s  a very  important  point ,  permitt ing t h e  s t u d y  o f  
hea l thy  asymptomat ic  persons w i t h  very f e w  cells in  their urine. 

Although t h e  reading o f  this  t e s t  w a s  visual a n d  therefore subject ive,  w e  
had little difficulties in detect ing posit ive a n d  negat ive  reactions. However ,  
the  spo t  insensity m a y  be related t o  the  a m o u n t  o f  virus present  in t h e  
sample (Bode  ct al., 1084; Zerbini a n d  Musioni, 1087; Blumberg  et al., 1087). 
T h e  do t  E L I S A  matches  t h e  criteria o f  practical a n d  rapid assay  for detect ­
ing B K V  in clinical samples  a n d  m a y  become useful tool  for t h e  rapid diag­
nos is  o f  act ive  B K V  infection in man.  
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