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SIMPLIFICATION OF IMMUNE ADHERENCE HEMAGGLUTINATION TEST FOR DETECTION OF 
RABIES ANTIBODIES IN HUMAN SERUM 

C a r l o s R o b e r t o Z A N E T T I (1), M i l e n e S i l v a T I N O (2), E s t h e r L u i z a B o c a t o C H A M E L E T (1), M a s a i o M i z u n o I S H I Z U K A 

(3) & O c t a v i o A u g u s t o d e C a r v a l h o P E R E I R A (2) 

S U M M A R Y 

I n the p resen t w o r k the i m m u n e a d h e r e n c e h e m a g g l u t i n a t i o n tes t ( I A H A ) w a s 

s t a n d a r d i z e d i n a s i m p l i f i e d p r o c e d u r e . T h i s tes t s h o w e d g o o d r e p r o d u c i b i l i t y , bet ter 

t h a n the c l a s s i c a l m i c e s e r u m n e u t r a l i z a t i o n tes t ( S N ) . T h e tes ts s h o w e d h i g h co r re la 

t ion deg ree : h i g h t i te rs i n one tes t c o r r e s p o n d e d to h i g h t i te rs i n the o ther one, 

a n d the s a m e o c c u r e d w i t h low t i ters. T h e I A H A tes t is e x t r e m e l y s i m p l e , fas t to 

pe r fo rm, a n d of low c o s t w h e n c o m p a r e d to tes ts s u c h as S N or i n d i r e c t i m m u n o f l u o ¬ 

rescense ( I I F ) . I t a l so p r o v e d to be use fu l i n l ess s o p h i s t i c a t e d l abo ra to r i es or even 

as a s c r e e n i n g tes t for the t i t ra t i on of r ab i es a n t i b o d i e s . 

K E Y W O R D S : I m m u n e a d h e r e n c e ; H e m a g g l u t i n a t i o n tes t ; R a b i e s a n t i b o d i e s . 

I N T R O D U C T I O N 

T h e i m m u n e a d h e r e n c e p h e n o m e n o n w a s 

f i rs t d e s c r i b e d b y L A V E R A N & M E S N I L 9 a n d 

L E V A D I T I 1 1 . L a t e r P E R E I R A 1 2 a n d I T O & T A -

G A Y A 7 ca r r i ed ou t the f i rs t s t u d i e s i n order to 

a p p l y th i s test in v i r o l o g i c a l r e s e a r c h . 

B a s i c a l l y the tes t c o n s i s t s i n a c t i v a t i n g the 

c o m p l e m e n t s y s t e m t h r o u g h the f o r m a t i o n of 

a n t i g e n - a n t i b o d y c o m p l e x e s r e s u l t i n g i n p ro 

d u c t i o n of the C 3 b c o m p o n e n t w h i c h p r o m o t e s 

t he a g g l u t i n a t i o n of h u m a n e r y t h r o c y t e s . I t 

s h o u l d be p o i n t e d ou t t h a t o n l y p r i m a t e e ry th ro 

cy tes show recep to rs on the i r su r f ace for the C 3 b 

f rac t i on . 

S e v e r a l s t u d i e s s h o w e d t ha t the reac t i on of 

h e m a g g l u t i n a t i o n b y i m m u n e a d h e r e n c e is more 

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

( C F ) test , as we l l as m u c h s i m p l e r to p e r f o r m 3 
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R e c e n t l y L E N N E T T E & L E N N E T T E 1 0 s t a n 

d a r d i z e d the i m m u n e a d h e r e n c e h e m a g g l u t i n a 

t i on ( I A H A ) tes t for s e v e r a l b a c t e r i a l a n d v i r a l 

a n t i g e n - a n t i b o d y s y s t e m s . 

I n 1933 B U D Z K O et a l . 2 a d a p t e d th i s tes t 

for r a b i e s se ro logy , s u g g e s t i n g i ts use for rou t ine 

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 r a b i e s a n t i b o 

d ies . 

(1) I n s t i t u t o P a s t e u r de S ã o P a u l o . S ã o P a u l o , S P , B r a z i l . 

(2) D i s c i p l i n a de I m u n o l o g i a d a E s c o l a P a u l i s t a de M e d i c i n a . S ã o P a u l o , S P , B r a z i l . 

(3) D i s c i p l i n a de M e d i c i n a V e t e r i n á r i a P r e v e n t i v a e S a ú d e A n i m a l d a F a c u l d a d e de M e d i c i n a V e t e r i n á r i a e Z o o t e c n i a d a U n i v e r ¬ 

s i d a d e de S ã o P a u l o . S ã o P a u l o , S P , B r a z i l . 

A d d r e s s for c o r r e s p o n d e n c e : C a r l o s R o b e r t o Z a n e t t i . I n s t i t u t o P a s t e u r de S ã o P a u l o . A v . P a u l i s t a , 393. C E P 01311 S ã o P a u l o 

S P , B r a z i l . 



T h e ob jec t i ve of the p r e s e n t s t u d y w a s to 

a d a p t a s i m p l i f i e d p r o c e d u r e for I A H A test to 

de tec t a n d t i t ra te a n t i r a b i e s a n t i b o d i e s in h u 

m a n se ra , c o m p a r i n g i t w i t h the s e r u m neu t ra l i 

z a t i o n ( S N ) test , w i c h is the m o s t c o m m o n l y u s e d 

a m o n g u s 1 . 

M A T E R I A L S A N D M E T H O D S 

1 — S e r a : T h i r t y s a m p l e s of h u m a n s e r a were 

a n a l y z e d i n o rder to e s t i m a t e the r e p r o d u c i b i l i t y 

of I A H A s imp l i f i ed m e t h o d as c o m p a r e d to the 

o r i g i n a l one. A n o t h e r 35 s a m p l e s were e v a l u a t e d 

i n d u p l i c a t e s (doub le -b l i nd ) i n o rder to c o m p a r e 

the I A H A b y the s i m p l i f i e d m e t h o d w i t h the S N . 

T h e r e s u l t s were q u a n t i t a t i v e a n d q u a l i t a t i v e 

a n a l y z e d . 

2 — A n t i g e n s : A n t i g e n a n d con t ro l a n t i g e n 

w a s o b t a i n e d f rom P f i ze r Q u i m i c a L t d a — S ã o 

P a u l o , B r a s i l . B r i e f l y , f i xed r a b i e s v i r u s c u l t u r e d 

in b o v i n e k i d n e y ce l l s were i n a c t i v e d b y fi-pro 

p i o l a c t o n e a n d pur i f i ed as p r e v i o u s l y d e s c r i b e d 5 . 

T i t e r s were d e t e r m i n e d b y b l o c k t i t r a t i ons p r i o r 

to use . 

3 — C o m p l e m e n t : F r e s h g u i n e a - p i g s e r u m 

was u s e d as s o u r c e of c o m p l e m e n t . T h e c o m p l e 

m e n t w a s s to red a t - 7 0 ° C i n s m a l l po r t i ons after 

w a s r econs t i t u t ed . 

4 — D i l u e n t s : K o l m e r s a l i n e 8 , V e r o n a l buf fer 

s a l i n e ( V B S ) , G e l a t i n - V e r o n a l buf fer ( G V B ) , B o 

v ine s e r u m a l b u m i n - V e r o n a l buf fer ( A - V B S ) , D i 

t h i o t h r e i t o l - e t h i l e n e d i a m i n e t e t r a a c e t i c a c i d 

V B S ( D V B S ) 2 . 

5 — E r y t h r o c y t e s : T w e n t y h u m a n b l o o d 

s a m p l e s were co l l ec ted i n e q u a l v o l u m e of s ter i le 

A l s e v e r s o l u t i o n f rom k n o w n t ype " O " d o n n o r s 

a n d t h a n s to red a t 4°C for u p 5 w e e k s . T h e s e 

s a m p l e s were tes ted , s i n c e the tes t i s k n o w n to 

v a r y w i t h e r y t h r o c y t e s f rom di f ferent d o n n o r s . 

A h u m a n s e r u m k n o w n to be p o s i t i v e for r ab i es 

a n t i b o d i e s w a s r e a g e n t u p to 1:80 or 1:160 d i l u 

t i ons i n the p r e s e n c e of 14 of the 20 e r y t h r o c y t e s 

s a m p l e s tes ted . W i t h four ou t of the r e m a i n i n g 

6 e r y t h r o c y t e s s a m p l e s , s e r u m s h o w e d lower ti

ters a n d w a s n o n r e a g e n t w i t h two of t h e m . I m 

m e d i a t e l y p r io r to use , the e r y t h r o c y t e s were w a 

s h e d tw ice i n K o l m e r s a l i n e a n d t h a n r e s u s p e n -

d e d to a c o n c e n t r a t i o n of 1% i n K o l m e r sa l i ne . 

6 — O r i g i n a l t e c h n i q u e : T h e I A H A m e t h o d 

w a s pe r fo rmed as d e s c r i b e d b y L E N N E T T E & 

L E N N E T T E 1 0 . 

7 — Mod i f i ed t e c h n i q u e : T h e s i m p l i f i e d tech 

n i q u e w a s b a s e d on the o r i g i n a l t e c h n i q u e w i t h 

few m o d i f i c a t i o n s . B r i e f l y , e q u a l v o l u m e s (0.025 

m l ) of se r i a l d i l u t i o n s of s e r u m a n d r a b i e s an t i 

g e n (1:15) were i n c u b a t e d i n 96-wel l p l a s t i c p l a t e s 

( P e t e c i l ) a t 37°C for 30 m i n u t e s . A f t e r a d d i n g 

0.025 m l of a 1:120 d i l u t i on of f resh g u i n e a p i g 

s e r u m , the m i x t u r e w a s f u r t h e r i n c u b a t e d a t 

37°C for 40 m i n u t e s . A h u m a n t y p e " O " e ry th ro 

cy te s u s p e n s i o n (0.025 m l ) w a s t h e n a d d e d a n d 

the p l a t es were a l l owed to s t a n d a t r o o m tempe

ra tu re for 2 h o u r s . T h e h e m a g g l u t i n a t i o n p a t t e r n 

w a s r e a d , a n d the t i te rs were r e c o r d e d as the 

r e c i p r o c a l of the h i g h e s t s e r u m d i l u t i o n s h o w i n g 

p o s i t i v e a g g l u t i n a t i o n . 

E a c h tes t w a s a l w a y s pe r f o rmed w i t h p rope r 

c o n t r o l s of s e r u m , a n t i g e n , c o m p l e m e n t a n d 

e r y t h r o c y t e s . 

R e s u l t s were c o n s i d e r e d as p o s i t i v e s w h e n 

the p a t t e r n s of h e m a g g l u t i n a t i o n o b t a i n e d were 

3 + or 4 + (p lus ) a n d n e g a t i v e or a b s e n t i n c o n 

t ro ls . 

8 — S e r u m n e u t r a l i z a t i o n test : T h i s tes t w a s 

pe r fo rmed e s s e n t i a l l y as d e s c r i b e d b y A T A N A -

S I U 1 , w i t h s e r a d i l u t ed u p to 1:625. A l l tes ts were 

p e r f o r m e d a g a i n s t 25-40 L D 5 0 a n d t i ter v a l u e s 

< 5 were c o n s i d e r e d n e g a t i v e . 

R E S U L T S 

C o m p a r i s o n be tween the V e r o n a l buf fer a n d the 

K o l m e r s o l u t i o n : T a b l e 1 s h o w s a c o m p a r i s o n 

b e t w e e n the I A H A p r o c e d u r e p e r f o r m e d w i t h 

V e r o n a l buf fer w i t h 0.1% B S A ( B o v i n e S e r u m 

A l b u m i n ) , K o l m e r s o l u t i o n w i t h 0.1% a n d 0.01% 

B S A a n d K o l m e r s o l u t i o n w i t h o u t B S A . 

T o t a l a g r e e m e n t w a s o b s e r v e d a m o n g the 

t i ters of the 30 s e r a tes ted w i t h a l l d i l u e n t s e x 

c e p t w h e n the s e r u m a l b u m i n w a s c o m p l e t e l y 

r e m o v e d f rom the K o l m e r s o l u t i o n , w h e n the oc 

c u r e n c e of n o n s p e c i f i c a g g l u t i n a t i o n w a s obser 

v e d . 



T A B L E 1 
E v a l u a t i o n of four d i f fe ren t d i l u e n t s i n the I m m u n e A d h e r e n c e 
H e m a g g l u t i n a t i o n T e s t ( I A H A ) for a n t i r a b i e s a n t i b o d i e s t i t ra 

t i o n i n v a c c i n a t e d a n d n o n v a c c i n a t e d p e r s o n s . 

D I L U E N T 

V 0.1 c/c K 0.1 c/c K 0.01 r/r K -

20 2G\ 20 80 
40 40 40 160 

80 80 80 160 

160 160 160 640 

40 40 40 80 

160 160 160 640 

640 640 640 640 

40 40 40 80 

Q 20 20 20 80 
w 
h 20 20 20 80 

< 80 80 80 160 

ü 80 80 80 320 
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320 320 320 640 

160 160 160 640 

40 40 40 80 
40 40 40 80 

20 20 20 80 

80 80 80 160 
160 160 160 640 
80 80 80 320 
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< 5 ' 5 5 40 

> 5 " 5 5 40 

O 5 ' 5 5 80 

' 5 5 5 40 

V = V e r o n a l buf fer + p e r c e n t a g e of B S A 
K = K o l m e r s a l i n e + p e r c e n t a g e of B S A 
K - = K o l m e r s a l i n e w i t h o u t B S A 

F o r q u a l i t a t i v e a n a l y s i s of the r e s u l t s the 
Y U L E a s s o c i a t i o n coe f i c ien t w a s c a l c u l a t e d a n d 
i ts v a l u e w a s 1 (one). T h e a g r e e m e n t of the an t i 
b o d y t i te rs of tes ted s e r a w i t h V e r o n a l bu f fe r 
p l u s 0.1% B S A , K o l m e r so l u t i on p l u s 0.1% a n d 
0.01% B S A w a s 100% (30/30). 

C o m p a r i s o n be tween I A H A a n d S N rep rodu 
c ib i l i t y : T h i r t y f ive h u m a n s e r a were a n a l y z e d 
i n d u p l i c a t e s (doub le -b l i nd ) a n d the q u a l i t a t i v e 
a n a l y s i s of the resu l t s were pe r f o rmed . 

O n the b a s i s of these r e s u l t s the Y u l e asso 
c i a t i o n coe f i c ien t w a s c a l c u l a t e d for the I A H A 
a n d the S N t e s t s , b o t h v a l u e s b e i n g e q u a l to 
1 (one). T h e a g r e e m e n t were c a l c u l a t e d f rom the 
v a l u e s of the a n t i b o d y t i ters of s e r a i n d u p l i c a t e s . 

T A B L E 2 
C o m p a r i s o n of I m m u n e A d h e r e n c e H e m a g g l u t i n a t i o n T e s t 
( I A H A ) a n d S e r u m N e u t r a l i z a t i o n T e s t ( S N ) i n a n t i r a b i e s a n t i 
b o d i e s t i t r a t i o n i n v a c c i n a t e d a n d n o n v a c c i n a t e d p e r s o n s b y 

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

I A H A S N 

S a m p l e s S a m p l e s 
1st a l i q u o t 2 n d a l i q u o t 1st a l i q u o t 2 n d a l i q u o t 

40 40 67 25 

40 40 32 625 
40 80 158 125 

40 40 10 19 

80 80 32 25 
80 40 158 83 
80 40 275 151 

40 40 51 54 
A 
w 20 20 57 25 

40 40 275 95 

g 40 40 54 323 
o 20 20 46 166 
o 
< 40 40 12 13 

> 80 80 223 625 
5 ' 5 57 5 

160 160 331 625 
160 80 625 625 

320 640 625 467 

160 160 331 20 
320 320 "625 625 
320 640 625 625 

5 ' 5 5 ' 5 

5 ' 5 5 5 

5 5 5 5 

E
D

 

5 " 5 5 5 

5 ' 5 5 5 

g 5 5 5 5 

O 5 5 5 5 
Ü 
< 5 5 5 5 
> 5 • 5 5 5 

O 5 5 5 5 

5 5 ' '5 5 

5 5 5 5 

' 5 5 5 ''5 
5 5 5 5 

T h u s , for the I A H A tes t there is a n a g r e e m e n t 
of 70% (14/20), w h e r e a s the o the r 30% s h o w e d 
a d i s c r e p a n c y of on l y one d i l u t i on . F o r S N there 
w a s a n a g r e e m e n t of 4 7 % (10/21), a d i s c r e p a n c y 
of 1 d i l u t i on i n t e r v a l i n 4 3 % (9/21) a n d of 2 d i l u 
t i on i n t e r v a l s i n 10% of the c a s e s (2/21). 

C o r r e l a t i o n be tween I A H A a n d S N : S t i l l b a 
s e d o n tab le 2 d a t a , the S p e a r m a n co r re la t i on 
coe f i c ien t w a s c a l c u l a t e d , w i t h the a n t i b o d y ti 
ters of the f i rs t d u p l i c a t e of b o t h tes ts . T h i s coef i 
c i e n t w a s 0.76 a n d i t s s i g n i f i c a n c e w a s e s t i m a t e d 
b y S t u d e n t tes t (5.23) t h a t w a s s i g n i f i c a n t a t the 



re jec t l eve l a d o p t e d ( = 0.05), for 21 degrees of 

f reedon (t - 2.080). 

D I S C U S S I O N 

T h e s i m p l i f i e d I A H A tes t h e r e p r e s e n t e d 

p r o v e d to be h i g h l y sa t i s f ac to r y as a n a l t e rna t i ve 

m e t h o d for r a b i e s a n t i b o d y t i t ra t ion . C o m p a r e d 

to the c l a s s i c a l S N test the I A H A test s h o w e d 

m u c h g rea te r r ep roduc ib i l i t y . S i m i l a r resu l t s i n 

d u p l i c a t e d tes ts were o b s e r v e d i n 70% a n d 47% 

of s e r u m s a m p l e s tes ted b y I A H A a n d S N tes ts 

respec t i ve l y . T h e r e m a i n i n g 30% of the s a m p l e s 

tes ted b y I A H A p r o c e d u r e s h o w e d d i f fe rences 

in the t i ters c o r r e s p o n d i n g to on ly one d o u b l e 

d i l u t i on . I n the S N test 4 3 % of the s a m p l e s s h o 

wed d i s c r e p a n c y of 1 i n t e r v a l of f ive fo ld d i l u t i o n , 

10% of t h e m s h o w e d d i s c r e p a n c y of 2 i n t e r v a l s . 

T h e S p e a r m a n co r re la t i on coe f i c ien t i n d i c a 

ted t h a t the a n t i b o d y t i te rs m e s u r e d s i m u l t a 

n e o u s l y b y the S N a n d I A H A tes ts s h o w e d h i g h 

co r re la t i on , i.e., h i g h t i ters i n S N tes t c o r r e s p o n d 

to h i g h t i ters i n I A H A tes t a n d c o n v e r s e l y , low 

t i ters in S N test c o r r e s p o n d to low t i ters i n I A H A 

test . I t c a n be a lso no ted t h a t th i s test is m u c h 

more eas i l y pe r fo rmed , the resu l t b e i n g o b t a i n e d 

in an a v e r a g e pe r i od of 4 h o u r s , wh i l e the S N 

test r equ i red the o b s e r v a t i o n of the a n i m a l s for 

2 or 3 w e e k s . 

O n e ou t of the s e r a s t u d i e d i n d u p l i c a t e s p re 

sen ted n e g a t i v e resu l t b y I A H A wh i l e pos i t i ve 

resu l t w a s o b t a i n e d b y S N e v e n t h o u g h w i t h low 

t i ter ( T a b l e 2). P o s i t i v e l y of th is s e r u m w a s con 

f i rmed b y i n d i r e c t i m m u n o f l u o r e s c e n c e p roce 

d u r e 4 . 

I n i ts o r i g i n a l d e s c r i p t i o n 3 the I A H A test is 

pe r fo rmed w i t h V e r o n a l buffer. I n the p r e s e n t 

s t u d y the V e r o n a l buf fer w a s r e p l a c e d b y the 

K o l m e r s o l u t i o n , w h i c h is b a s i c a l l y a sa l i ne so l u 

t ion w i t h the a d d i t i o n of m a g n e s i u m . T h e s t a g e s 

of p l a te c o a t i n g w i t h g e l a t i n a n d of i n t e r rup t i on 

of the r eac t i on w i t h E D T A - D i t h i o t h r e i t o l were 

e l i m i n a t e d too. T h e s e m o d i f i c a t i o n s g rea t l y re 

d u c e d the cos t s of p e r f o r m i n g the test , w i t h no 

i m p a i r m e n t to resu l t s . 

I n c a n be no ted i n T a b l e 2 t ha t the 10 fold 

r e d u c t i o n i n B S A c o n c e n t r a t i o n i n the d i l u e n t 

( f rom 0.1% to 0.01%) does no t a l ter the resu l t s 

e i ther , r e d u c i n g even fu r ther the c o s t of the test . 

T o t a l e l i m i n a t i o n of the B S A w a s no t p o s s i b l e 

t h o u g h , s i n c e i t c a u s e d fa lse h e m a g g l u t i n a t i o n 

pa t t e rns . 

I t h a s b e e n s t a t e d b y L E N N E T T E & L E 

N N E T T E 1 0 t h a t on l y e r y t h r o c y t e s f rom one do 

n n o r ou t of three g i v e s u i t a b l e resu l t s i n the I A 

H A test . I n our w o r k 14 ou t of 20 e r y t h r o c y t e s 

tes ted were sa t i s f ac to r y . L o w e r t i ters were ob ta i 

n e d w i t h the r e m a i n d e r o n e s . T h i s d i f fe rence 

f ound i n the f r equence of u s a b l e e r y t h r o c y t e s 

in the I A H A tes t in our w o r k a n d in the L E N N E T 

T E & L E N N E T T E one, m i g h t be d u e to diffe

r e n c e s i n the r ecep to r s c o n c e n t r a t i o n for C 3 b 

in the e r y t h r o c y t e s of the two s t u d i e d p o p u l a 

t ions . 

We be l i eve t ha t the resu l t s o b t a i n e d s h o u l d 

r e c o m m e n d the i n c l u s i o n of t h i s test for rou t ine 

use the d e t e c t i o n a n d t i t r a t i on of r a b i e s an t i 

bod ies . 

R E S U M O 

S i m p l i f i c a ç ã o d a R e a ç á o de H e m a g l u t i n a ç ã o 

p o r I m u n o a d e r ê n c i a p a r a d e t e c ç ã o de a n t i c o r 

pos a n t i - r á b i c o s e m so ros h u m a n o s . 

A R e a ç ã o de H e m a g l u t i n a ç ã o po r I m u n o a 

d e r ê n c i a foi p a d r o n i z a d a de m a n e i r a s i m p l i f i c a ¬ 

d a , p a r a d e t e c ç ã o de a n t i c o r p o s r á b i c o s e m so ros 

h u m a n o s . E s t a r e a ç ã o m o s t r o u g r a n d e r e p r o d u ¬ 

t i b i l i dade , m a i o r que a a p r e s e n t a d a p e l a c l á s s i c a 

p r o v a de s o r o n e u t r a l i z a ç ã o e m c a m u n d o n g o s 

( S N ) . 

A m b a s as p r o v a s m o s t r a r a m a l to g r a u de 

c o r r e l a ç ã o , ou s e j a , a l tos t í t u los e m u m a r e a ç ã o 

c o r r e s p o n d e u a a l tos t í t u los n a ou t ra ; o m e s m o 

ocor reu e m r e l a ç ã o aos t í t u los b a i x o s . 

A r eação de H e m a g l u t i n a ç ã o po r I m u n o a d e 

r ê n c i a , a l é m de ser de e x e c u ç ã o e x t r e m a m e n t e 

s i m p l e s e r á p i d a , t em c u s t o b e m m e n o r se c o m 

p a r a d a a p r o v a s c o m o a s o r o n e u t r a l i z a ç ã o ou 

a i m u n o f l u o r e s c ê n c i a i nd i r e t a . P o d e , po r t an to , 

ser de g r a n d e u t i l i d a d e e m l a b o r a t ó r i o s c o m p o u ¬ 

cos r e c u r s o s ou m e s m o ser u t i l i z a d a c o m o u m a 

p r o v a de t r i a g e m p a r a a t i t u l a ç ã o de a n t i c o r p o s 

r á b i c o s . 
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