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A SIMPLE IMMUNOSORBENT ASSAY FOR DETECTION OF HUMAN BLOOD 

V.K.Kashyap 

C e n t r a l  F o r e n s i c  S c i e n c e  L a b o r a t o r y  
H y d e r a b a d  500 013 ( A .  P .  ) I n d i a  

ABSTRACT 

A s i m p l e r  r a p i d  a n d  h i g h l y  s e n s i t i v e  a s s a y  b a s e d  
on Enzyme L i n k e d  Imrnunosorbent  T e c h n i q u e  (ELISA) u s i n g  
human H a p t o g l o b i n  a n t i b o d i e s  f o r  i d e n t i f i c a t i o n  o f  human 
b l o o d  is d e s c r i b e d .  The i m p o r t a n t  f e a t u r e  o f  t h e  p r e s e n t  
a s s a y  is a b s e n c e  o f  n e e d  f o r  enzyme a n t i b o d y  c o n j u g a t e s .  
Human b l o o d  s t a i n s  a s  o l d  as  3 y e a r s  show p o s i t i v e  r e s u l t s  
by t h i s  method.  T h i s  t e s t  is s u i t a b l e  f o r  i d e n t i f i c a t i o n  
o f  human b l o o d  i n  f o r e n s i c  and  e p i d e m o l o g i c a l  s t u d i e s .  
(Key words :  ELISAr H a p t o g l o b i n ) .  

INTRODUCTION 

B l o o d  s t a i n  i s  t h e  most  u b i q u i t o u s  p h y s i c a l  e x h i b i t  

p r e s e n t  a t  t h e  s c e n e  o f  crime. I d e n t i f i c a t i o n  of t h e  

n a t u r e  a n d  o r i g i n  o f  s u c h  a s t a i n  i s  e s s e n t i a l  f o r  f o r e n s i c  

u s e .  A number o f  t es t s  b a s e d  upon t h e  p e r i o x i d a s e  a c t i v i t y  

o f  h a e m o g l o b i n ,  i t ' s  c r y s t a l l i n e  n a t u r e r  or  i t s  i n t r i n s i c  

o p t i c a l  p r o p e r t i e s  (1)  a r e  i n  u s e  f o r  i d e n t i f i c a t i o n  

o f  b l o o d  s t a i n s .  Blood s t a i n s  a r e  i d e n t i f i e d  by  t h e  

O u c h t e r l o n y  m e t h o d r  by c r o s s o v e r  e l e c t r o p h o r e s i s  o r  by ( 2  1 
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316 KASHYAP 

i m m u n o e l e c t r o p h o r e s i s  ( 3 ' .  However ,  t h e s e  m e t h o d s  a r e  

t i m e  c o n s u m i n g  a n d  r e q u i r e  h i g h  t e c h n i c a l  s k i l l .  

R e c e n t l y  s o l i d  p h a s e  e n z y m e - l i n k e d  immunosorbent  

a s s a y s  ( E L  ISA) h a v e  b e e n  d e v e l o p e d  f o r  i d e n t i f i c a t i o n  

o f  b l o o d  (4-5) , ,  ABO g r o u p i n g  o f  s t a i n s  ( 6 )  , s e m i n a l  

i d e n t i f i c a t i o n  ( 7 ' ,  o( - f e t o p r o t e i n  i d e n t i f i c a t i o n  ( 8 '  , 
a n d  d e m o n s t r a t i o n  o f  methamphetamine  (9 \ i n  b l o o d  s e r u m .  

I n  t h e  p r e s e n t  work a s i m p l e  E L I S A  is d e s c r i b e d  

f o r  t h e  i d e n t i f i c a t i o n  o f  b l o o d  s t a i n s ,  s u i t a b l e  f o r  

u s e  i n  a p o l i c e  crime s c e n e  k i t .  

MATERIALS AND METHODS 

B l o o d  s t a i n s  o f  v a r i o u s  a g e s  were c o l l e c t e d  from 

crime e x h i b i t s  r e c e i v e d  f o r  e x a m i n a t i o n  i n  t h i s  l a b o r a t o r y .  

F r e s h  s t a i n s  on  s t e r i l e  c h e e s e  c l o t h  were a l s o  p r e p a r e d  

f rom b l o o d  d o n a t e d  by l a b o r a t o r y  s t a f f .  T h e  f r e s h  s t a i n s  

w e r e  a l l o w e d  t o  d r y  a t  room t e m p e r a t u r e  a n d  were examined  

a f t e r  s t o r a g e  f o r  o n e  d a y ,  o n e ,  ~ t w o ,  o r  t h r e e  w e e k s ,  

o n e ,  t w o  o r  s i x  m o n t h s  a n d  o n e  y e a r .  A few s t a i n s  a s  

o l d  as  t h r e e  y e a r s  were a l s o  u s e d .  

B l o o d  of C o w ,  G o a t ,  Fowl ,  R a b b i t ,  Dog a n d  Monkey 

w e r e  c o l l e c c t e d  a n d  s t a i n s  p r e p a r e d  a s  d e s c r i b e d  e l s e w h e r e  

( 1 0 )  Human S a l i v a ,  Semen,  M i l k ,  S w e a t ,  T e a r s  a n d  V a g i n a l  

f l u i d  s t a i n s  w e r e  also p r e p a r e d  by s a m p l e  c o l l e c t e d  w i t h  

t h e  h e l p  o f  l o c a l  M e d i c a l  C o l l e g e s .  
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DETECTION OF HUMAN BLOOD 317 

R e a g e n t s  

S h e e p  a n t i - h u m a n  h a p t o q l o b i n  a n t i b o d y  ( P a e s e l ,  

West Germany) WAS d i l u t e d  30 f o l d  w i t h  p h o s D h a t e  b i l f f e r ,  

7 0 m  m o l  / L ,  pH 5.0, w i t h  s a l i n e  150m mol /J, a n d  B o v i n c  

se rum a l b u m i n ,  10g/L ( S i g m a  C o .  USA). 

O r t h o - p h e n y l e n e d i a m i n e  H202 a n d  o t h e r  r o u t i n e  

r e a q e n t s  w e r e  p u r c h a s e d  from Siqma Co. U S A :  B.D.H. E . N e r r I C  

a n d  G l a x o  C o .  I n d i a .  

P r i n c i p l e  o f  method 

The h a p t o q l o b i n - h a e m o q l o b i n  complex i n  b l o o d  h a s  

a n  i n t e n s e  p e r i o x i d a s e  a c t i v i t y .  T h e  enzyme a c t  i v j  t y 

i s  r e t a i n e d  f o r  s e v e r a l  y e a r s .  A p o l y s t y r e n e  E L J S A  p l a t e  

c o a t e d  w i t h  s h e e p  a n t i - h u m a n  h a p t o q l o b i n  a n t i b o d i e s  W A S  

s e l e c t e d  a s  s o l i d  p h a s e .  Hapt o q l o b i n - h a e m o q l o b i n  C o i i i i l p l ~ x  

i n  b l o o d  s t a i n s  b i n d s  t o  t h e  a n t i - h a p t o g l o b i n  a n t i b o d j e 5  

a n d  c a n  t h e n  b e  i d e n t i f i e d  by i t s  p e r i o x i d a s e  a c t i v i t y .  

Thus  a s i m p l e  a n d  s e n s i t i v e  ELISA r e s u l t s  w i t h  t h e  t a r g e t  

l i g a n d  a c t i n g  a s  i t s  own m a r k e r  m o l e c u l e .  

P r o c e d u r e  ~- 

The w e l l s  o f  p o l y s t y r e n e  m i c r o t i t e r  p l a t e s  ( D y n a t e c h  

A l e x a n d r i a )  were c o a t e d  w i t h  2 0 0  pL. of  30 f o l d  d i l u t e d  

s h e e p  a n t i - h u m a n  h a p t o g l o b i n  i n  c a r b o n a t e  b u f f e r  0.50m 

mol /L ( p H  9.6). 

w e r e  washed  w i t h  p h o s p h a t e  b u f f e r e d  s a l i n e  0.70m mol /I2, 

w i t h  0.08% Tween 2 0  ( P B S - T ) .  The p l a t e s  were a l l o w e d  

Wells were i n c u b a t e d  o v e r n i g h t  a t  4 O C  a n d  
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KASHYAP 318 

t o  d r a i n  a n d  b l o t t e d  d r y .  B o v i n e  s e r u m  Albumin 1 5 0  p ~ .  

(10 g/L)  w a s  a d d e d  t o  e a c h  w e l l  t o  b l o c k  n o n - s p e c i f i c  

b i n d i n g  o f  a n t i g e n .  M i c r o t i t r e  p l a t e s  were i n c u b a t e d  

f o r  90 m i n u t e s  a n d  were washed t w i c e  w i t h  PBS-T b e f o r e  

s t o r i n g  a t  ~ O C .  C o a t e d  m i c r o t i t r e  p l a t e s  were u s e d  

u p t o  90 d a y s  a f t e r  p r e p a r a t i o n .  

B l o o d  s t a i n s  1 x 1 mm i n  area or 50 pL o f  b l o o d  

d i l u t e d  1000 times or more i n  PBS Tween w a s  a d d e d  t o  

w e l l s  a n d  i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  6 0  m i n u t e s .  

The w e l l s  were d r a i n e d  a n d  washed t h r i c e  w i t h  PBS-T. 

F i n a l l y  a s u b s t r a t e - c h r o g e n  s o l u t i o n  c o n t a i n i n g  1 0 0  P L  

of H 0 3% v/v  a n d  1 .50  ,uL of 0 .1% 0 - p h e n y l e n e d i a m i n e  

( O P D )  i n  0.07 m o l  PBS p H  5 . 0  r e a g e n t  w a s  a d d e d  t o  e a c h  

w e l l .  The  i n t e n s i t y  o f  b l u e  c o l o u r  d e v e l o p e d  w a s  n o t e d  

v i s u a l l y  a f t e r  10 m i n u t e s .  

2 2  

Human b l o o d  s t a i n s  s t o r e d  f o r  v a r i o u s  p e r i o d s  a n d  

1 week o l d  b l o o d  s t a i n s  e x p o s e d  t o  2 0 , 3 0 , 4 0 , 5 0  a n d  6 O o C  

f o r  o n e  week w e r e  t e s t e d  by  t h i s  method.  One week o l d  

b l o o d  s t a i n s  of  Cow, Dog, R a b b i t ,  G o a t ,  F o w l  a n d  Monkey 

were a l s o  t e s t e d .  

The human s a l i v a ,  semen t e a r s ,  m i l k ,  v a g i n a l  f l u i d  

a n d  sweat s t a i n s ,  a l l  o n e  week o l d ,  were a l s o  t e s t e d  

t o  c h e c k  t h e  s p e c i f i c i t y  o f  t h i s  method.  

RESULTS 

It  w a s  o b s e r v e d  t h a t  c o m p l e t e  c o a t i n g  o f  w e l l s  

w i t h  s h e e p  a n t i - h u m a n  h a p t o g l o b i n  a n t i b o d y  r e q u i r e d  2 
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T A B L E  r I  

KASHYAP 

SENSITIVITY O F  IMMUNOSORBENT ASSAY T O  B L O O D  STAINS 

O F  D I F F E R E N T  A G E , S  

A G E  OF  
STAIN 

NUMBER OF POSITIVE RESULTS 
STAINS ( e x p r e s s e d  i n  % )  

E X A M I N E D  - 
Immunosorbent  O u c h t e r l o n y  & 
Method C r o s s  o v e r  

e l e c t r o p h o r e s i s  
m e t h o d s  

---- - - - __ - _- - __-- 

F r e s h  10  100  1 0 0  

One week 10 100 90 

l%o weeks  10 1 0 0  

T b r e e  weeks  10 1 0 0  

80 

6 0  

One month 10  100 60 

Two m o n t h s  10 100 

T h r e e  months  10  100  

50 

4 c  

0r.e y e a r  5 8 0  20 

T h r e e  y e a r s  5 60 20 

houLs  i n c u b a t i o n .  h e l l s  incuoa-ced w i t h  a n t i b o d y  f o r  2 4  

h o u ~ s  w e r e  f o u n d  t o  r e t a i n  a n c i b o d i e s  for a longer p e r i o d  

arid btich p r e c o a c e d  p l a t e s  c o u l d  b e  u s e d  f o r  a p e r i o d  

of t h r e e  monchs.  The b i n d i n g  ot h a p t o g l o b i n  h a e n i o g l o b i n  

complex t o  i m m o b i l i z e d  a n t i b o d y  w a s  c o m p l e t e  w i t h i n  o n e  

h o a r .  The method w a s  found t o  b e  s e n s i t i v e  e v e n  t o  

h e m o g l o b i n - h a p t o g l o o i n  complex a t  1 g/L. B l o o d  oi Dog,  

C O W ,  G o a t ,  Fowl arid R a b b i t  d i d  n o t  show a n y  b i n d i n g  a n d  
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S E N S I T I V I T Y  OF IMMUNOSORBENT A S S A Y  METHOD 
T O  BLOOD STAINS EXPOSED TO V A R I O U S  T E M P E R A T U R E S .  

( s t a i n s  u s e d  i n  e x p t . 4  w e e i s  o l d )  

P O S I T I V E  R E S U L T  
S.No.Tempe- 

r a t u r e  N u m b e r  o f  
s t a i n s  ( e x p r e s s e d  i n  % )  

I_--____- 

C0 

Immunosor-. O u c h t e r l o n y  & 
b e n t  method C r o s s  o v e r  e l e c -  

t r o p h o r e s i s  method 
__-_- 

1 2 0  10 100 90 

2 30 10 100 90 

3 40 10 100 80  

4 50 10 90 5 0  

5 6 0  10 80  2 0  

monkey g a v e  o n l y  a t r a c e  r e a c t i o n  ( T a b l e  I ) .  S i m i l a r l y ,  

t h e  s t a i n s  o f  o t h e r  human body f l u i d s  a l s o  g a v e  u n i f o r m l y  

weak r e a c t i o n s .  The p e r i o x i d a s e  r e a c t i o n  w a s  d e c r e a s e d  

s l i g h t l y  i n  b l o o d  s t a i n s  o v e r  3 y e a r s  o l d  a n d  s t a i n s  

e x p o s e d  t o  t e m p e r a t u r e  a b o v e  40° C .  

more  s e n s i t i v e  t h a n  c o n v e n t i o n a l  m e t h o d s  ( T a b l e  I1 & 

The p r e s e n t  E L I S A  t e s t  was 

111). 

DISCUSSION 

Enzyme L i n k e d  Immunosorbent  A s s a y s  ( ELISAS) 

a r e  w i d e l y  u s e d  f o r  d e t e c t i o n  a n d  q u a n t i f i c a t i o n  of  

b i o l o g i c a l  a n a l y t e s  ( 11-14 ) . 
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3 22 KASHYAP 

The p r e s e n t  method i s  a s e n s i t i v e ,  s i m p l e  

a n d  r a p i d  means  o f  s p e c i e s  i d e n t i f i c a t i o n  o f  b l o o d  s t a i n s ,  

which  c o m p a r e s  f a v o u r a b l y  w i t h  c o n v e n t i o n a l  m e t h o d s  

( 15). 

By c o n v e n t i o n a l  m e t h o d s ,  i t  h a s  b e e n  p r e v i o u s l y  

shown t h a t  p o s i t i v e  i d e n t i f i c a t i o n  o f  o l d  a n d  h e a t  e x p o s e d  

s t a i n s  is s i g n i f i c a n t l y  r e d u c e d  ( 1 0 ) .  I n  t h e  p r e s e n t  

s t u d y r  s p e c i e s  o f  o r i g i n  o f  s t a i n s  u p t o  t h r e e  y e a r s  

a g e  c o u l d  b e  p o s i t i v e l y  a s c e r t a i n e d .  

A c o m m e r c i a l l y  a v a i l a b l e  p o l y v a l e n t  a n t i s e r u m  

w s  f o u n d  s u i t a b l e  f o r  p e r f o r m i n g  t h e  p r e s e n t  E L I S A  

method.  I n  k e e p i n g  w i t h  f i n d i n g s  o f  Hammack e t  a 1  (ll), 

w e  h a v e  f o u n d  t h a t  a n t i b o d y  c o a t e d  p l a t e s  c o u l d  b e  s t o r e d  

f o r  

1. 

2.  

3 .  

4.  

3 m o n t h s  w i t h o u t  l o s s  o f  a n t i g e n  b i n d i n g  c a p a c i t y .  
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