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ENZYME LINKED IMMUNOSORBENT ASSAY: DETERMINATION OF ANTI-ADENOVIRUS 
ANTIBODIES IN AN INFANT POPULATION 

A d r i a n a W E I N B E R G (1), M a r i a C r i s t i n a D . S . F I N K (1), S u e k o T A K I M O T O (2) , M a r i a A k i k o ISHIDA (2) & 
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S U M M A R Y 

I n o rder to def ine a n a c c u r a t e a s s a y for an t i a d e n o v i r u s a n t i b o d y de tec t i on , 

a recen t l y d e v e l o p e d E L I S A w a s c o m p a r e d w i t h I F A a n d C F . O n 58 se ra , the E L I S A 

w a s m o r e s e n s i t i v e t h a n bo th C F a n d I F A , w h i c h s h o w e d re la t i ve s e n s i t i v i t i e s of 

63% a n d 94% . r espec t i ve l y . I t w a s no t poss i b l e to de te rm ine the e x a c t spec i f i c i t y 

of the tes ts b e c a u s e of the l a c k of a go l d s t a n d a r d . F u r t h e r m o r e , the E L I S A w a s 

u s e d to def ine the p r e v a l e n c e of a d e n o v i r u s a n t i b o d i e s in 116 i n f an t s be tween 1 

a n d 24 m o n t h s o ld ( m e a n 7.28). T h e d a t a s h o w e d tha t m a t e r n a l a n t i b o d i e s w a n e d 

by the a g e of 5 to 6 m o n t h s a n d t h a t m o r e t h a n 80% of the c h i l d r e n h a d b e e n 

in fec ted b y a d e n o v i r u s e s b y the age of 10 m o n t h s . 

K E Y W O R D S : A d e n o v i r u s se ro logy ; E n z y m e l i n k e d i m m u n o s o r b e n t a s s a y ; A d e n o 

v i r u s i n fec t i on i n c h i l d r e n . 

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

A d e n o v i r u s e s ( A d ) a re u b i q u i t o u s h u m a n 

p a t h o g e n s t ha t c o m m o n l y p r o d u c e b e n i g n resp i 

ra to ry . g a s t r o i n t e s t i n a l , u r i n a r y a n d o c u l a r d i ­

seases . H o w e v e r , a d e n o v i r u s i n fec t i ons m a y be 

e x t r e m e l y severe a n d of ten l e t ha l in i m m u n o ­

c o m p r o m i s e d h o s t s s u c h a s t r a n s p l a n t rec i ­

p ien ts , c a n c e r pa t i en t s u n d e r g o i n g c h e m o t h e r a 

py , c h i l d r e n w i t h severe c o m b i n e d i m m u n o d e f i ­

c i e n c y a n d A I D S p a t i e n t s 2 4 9 1 1 l f i . P r e v i o u s 

s t u d i e s i n t r a n s p l a n t p a t i e n t s h a v e s u g g e s t e d 

t ha t the m o s t l i k e l y sou rce of in fec t ion w a s endo 

genous r e a c t i v a t i o n of l a t en t v i r u s 1 2 . I n th is po 

p u l a t i o n rou t i ne s u r v e y s are ve ry i m p o r t a n t to 

ident i fy the i n d i v i d u a l s a t r i s k of d e v e l o p i n g ade 

n o v i r u s d i sease . 

L a b o r a t o r y d i a g n o s i s of a d e n o v i r u s in fec 

t i ons h a s re l ied on r e c o g n i t i o n of c y t o p a t h i c ef­

fect in t i ssue cu l tu re , m o n o c l o n a l a n t i b o d i e s me­

d i a t e d r a p i d d e t e c t i o n 5 6 or s i g n i f i c a n t i n c r e a s e s 

of a n t i b o d y t i ters i n p a i r e d se ra . A n t i - A d I g M 

a n t i b o d y a s s a y s h a v e no t ye t b e e n s t a n d a r d i z e d . 

W i t h the recen t a d v a n c e s i n a n t i v i r a l t h e r a p y , 

s e n s i t i v e d i a g n o s t i c m e t h o d s are needed to d is 

c lose the in fec t ious a g e n t s ea r l y in the cou rse 

of the d i sease a n d to de te rm ine the c a n d i d a t e s 

to a n t i v i r a l p r o p h y l a x i s 1 0 . 

T h e g o a l of the p r e s e n t s t u d y w a s to tes t 

the d i a g n o s t i c a c c u r a c y of a n I g G a n t i - A d E L I 

S A d e v e l o p e d in our l abo ra to r y . We a lso e x a m i 

T h i s w o r k w a s s u p p o r t e d b y C N P q g r a n t n . 408741 88. 
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n e d the p r e v a l e n c e of a d e n o v i r u s i n f e c t i o n i n 
y o u n g c h i l d r e n i n o r d e r to c o m p l e t e p r e v i o u s 
e p i d e m i o l o g i c s u r v e y s a n d e s t a b l i s h b a c k ­
g r o u n d i n f o r m a t i o n of a d e n o v i r u s r i s k of in fec­
t ion for ped ia t r i c t r a n s p l a n t p a t i e n t s i n our e n v i ­
r onmen t . 

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

V i r u s e s a n d c e l l s . K B , H e p 2 a n d h u m a n 
f o r e s k i n f i b r o b a s t ( H F F ) t i s s u e c u l t u r e s we re 
m a i n t a i n e d a t 37°C i n E a g l e ' s m i n i m u m e s s e n ­
t i a l m e d i u m ( M E M ) ( G i b c o , G r a n d I s l a n d , N Y ) 
c o m p l e m e n t e d w i t h 10% fe ta l c a l f s e r u m ( F C S ) 
( C u l t i l a b , C a m p i n a s , S P ) a n d 100 U / m l p e n i c i l l i n , 
100 j d / m l s t r e p t o m y c i n a n d 2 pd/ml a m p h o t e r i c i n 
B . A d 5 w a s p ropaga ted on H e p 2 a n d K B ce l ls 
i n M E M con ta in i ng 2 % F C S a n d ant ib io t ics . I n ­
fec t i v i t y w a s m e a s u r e d b y T C I D 5 0 i n K B t i s s u e 
cu l t u re t ubes or b y p l a q u e f o m a t i o n o n H F F as 
p r e v i o u s l y d e s c r i b e d 1 5 . T i t e r s v a r i e d be tween 10 5 

p l a q u e f o r m i n g u n i t s / m l a n d 10 7 T C I D 5 0 ones . 

S e r u m s a m p l e s . 116 b l o o d s a m p l e s were ob­
t a i n e d f r o m c h i l d r e n v i s i t i n g t he v a c c i n a t i o n 
cen te rs of the H o s p i t a l do S e r v i d o r P ú b l i c o E s t a ­
d u a l a n d H o s p i t a l d a s C l í n i c a s d a F M U S P . T h e 
s e r a were s to red a t -20°C u n t i l tes ted . A n o t h e r 
58 s e r u m s a m p l e s f rom p a t i e n t s re fer red to the 
I n s t i t u t o A d o l f o L u t z for c l i n i c a l l y s u s p e c t e d 
a d e n o v i r u s in fec t ion were u s e d for the c o m p a ­
r i son of the a n t i - A d a n t i b o d y de tec t i on m e t h o d s . 

A n t i b o d y d e t e c t i o n . 

T h e c o m p l e m e n t f i x a t i o n ( C F ) t e c h n i q u e 
u s e d for a n t i - A d a n t i b o d y d e t e r m i n a t i o n s w a s 
a l r eady p u b l i s h e d 1 3 . 

E L I S A for a n t i - A d a n t i b o d i e s w a s a d a p t e d 
f rom a p r e v i o u s p u b l i c a t i o n 1 4 . B r i e f l y , the an t i ­
g e n w a s p r e p a r e d f rom 3 d a y o ld A d 5 i n fec ted 
K B m o n o l a y e r s a t c o m p l e t e C P E a n d m o c k i n ­
fec ted K B t i s sue cu l t u res . C e l l s were w a s h e d in 
p h o s p h a t e buf fered s a l i n e ( P B S ) , p H 7.6, a n d re-
s u s p e n d e d i n 0.1 M g l y c i n e i n P B S a t a v o l u m e 
10 t imes g rea te r t h a n the p a c k e d ce l l v o l u m e . 
T h e s u s p e n s i o n w a s s o n i c a t e d , s o l u b i l i z e d w i t h 
1% T w e e n 80 (Merck , R i o de J a n e i r o , R J ) a n d 
c la r i f i ed b y cen t r i f uga t i on . 96 we l l m i c ro t i t e r p l a ­
tes ( H e m o b a g , C a m p i n a s , S P ) were c o a t e d w i t h 
v i r a l a n d m o c k a n t i g e n a n d the s u s p e n s i o n s we­

re a l l owed to e v a p o r a t e o v e r n i g h t a t 37°C. T h e 
o p t i m a l a n t i g e n d i l u t i o n w a s f ound b y c h e c k e r 
b o a r d t i t r a t i on u s i n g a s e r u m of k n o w n a n t i - A d 
a n t i b o d y t i ter. T h e p l a tes were sea led in p l a s t i c 
b a g s a n d s to red a t -20°C u n t i l u s e d . T h e r e w a s 
no d e t e c t a b l e l oss i n a n t i g e n i c i t y after 4 m o n t h s 
of s t o rage . Be fo re u s e , the p l a t e s were w a s h e d 
w i t h P B S c o n t a i n i n g 0.5% T w e e n 80 ( T P B S ) a n d 
u n c o a t e d s i tes were b l o c k e d w i t h 1% b o v i n e se­
r u m a l b u m i n ( B S A ) i n T P B S . D u p l i c a t e s of 1/20 
d i l u t i o n s of the tes t s e r a i n T P B S c o n t a i n i n g 
1% B S A were a d d e d to the v i r a l a n d m o c k c o a ­
ted we l l s a n d i n c u b a t e d for 30 m i n a t 37°C. T h e n , 
the p l a t e s were w a s h e d a n d i n c u b a t e d w i t h g o a t 
a n t i - h u m a n I g G a n t i b o d i e s c o n j u g a t e d to ho rse 
r a d i s h p e r o x i d a s e ( S i g m a , S t . L o u i s , Mo). T h e 
r e a c t i o n w a s revea led w i t h o - p h e n y l e n e d i a m i n e 
( S i g m a ) a n d read w i t h a T i t e r t e k M u l t i s k a n M K 
I I ( F l o w , M c L e a n , V i ) . S p e c i f i c b i n d i n g w a s c o n s i 
de red to o c c u r w h e n the d i f ference be tween the 
m e a n a b s o r b a n c e i n v i r a l a n d m o c k a n t i g e n 
we l l s w a s h i g h e r t h a n 0.1. 

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 a s s a y . T w o 
d a y o l d A d 5 i n f e c t e d H e p 2 m o n o l a y e r s a n d 
u n i n f e c t e d con t ro l s were w a s h e d , r e s u s p e n d e d 
i n P B S a n d ace tone f i x e d on to s l i des a t a c o n c e n ­
t r a t i o n of 30 to 50 c e l l s per 400 x h i g h powe r 
f ie ld . The rea f t e r , 25 f i l of 1/10 d i l u ted s e r u m s a m ­
p les were a d d e d to the s l i des a n d i n c u b a t e d for 
30 m i n a t 37°C i n a we t c h a m b e r . T h e n , the s l i des 
were w a s h e d w i t h P B S a n d i n c u b a t e d w i t h an t i 
h u m a n I g G f l uo rescen t c o n j u g a t e ( S i g m a ) for 30 
m i n a t 35°C. A f t e r ano the r 5 m i n i n c u b a t i o n w i t h 
E v a n s ' b l ue , the s l i des were w a s h e d , m o u n t e d 
i n 90% g l y c e r i n e i n P B S a n d r e a d w i t h a 50 W 
N i k o n ep i f l uo rescen t m i c r o s c o p e . 

R E S U L T S 

C o m p a r a t i v e a n a l y s i s o f E L I S A , C F a n d 
I F A for a n t i - A d a n t i b o d i e s d e t e c t i o n . 

I n o rder to de te rm ine the d i a g n o s t i c power 
of the n e w l y d e v e l o p e d a n t i - A d E L I S A , 58 s e r a 
o b t a i n e d f rom p a t i e n t s w i t h c l i n i c a l l y s u s p e c t e d 
a d e n o v i r u s i n fec t i on were tes ted for spec i f i c a n ­
t i bod ies u s i n g E L I S A , as we l l as p r e v i o u s l y es ta ­
b l i s h e d I F A a n d C F . T a b l e 1 s h o w s t ha t the E L I ­
S A test d i s p l a y e d the h i g h e s t s e n s i t i v i t y , 57 pos i ­
t i ve r e s u l t s , f o l l owed b y I F A , 54 s e r o p o s i t i v e s 
(94% s e n s i t i v i t y c o m p a r e d w i t h E L I S A ) a n d a t 



T A B L E 1 

C o m p a r a t i v e a n t i - A d a n t i b o d y d e t e c t i o n b y E L I S A , I F A a n d 

C F i n 58 s e r a . 
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S e r o p o s i t i v e s 

57 

54 

36 
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4 
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m a t e r n a l a n t i b o d i e s . H o w e v e r , af ter 7 m o n t h s 

of a g e the a n t i - A d a n t i b o d y l eve l i n c r e a s e s a g a i n 

r e a c h i n g 8 5 % p o s i t i v i t y a t 10 m o n t h s . T h i s l a s t 

r a i se rep resen ts n e w l y a c q u i r e d a n t i - A d an t i bo ­

d ies as a c o n s e q u e n c e of A d in fec t i on i n the s t u ­

d y p o p u l a t i o n . 

D I S C U S S I O N 

l a s t the C F (36 se ropos i t i ves ) w i t h a s e n s i t i v i t y 

of 6 3 % c o m p a r e d w i t h E L I S A a n d 66% c o m p a ­

red w i t h I F A . A l l the s a m p l e s s e r o p o s i t i v e b y 

C F were a l so p o s i t i v e b y E L I S A . I n c o n t r a s t , 

one of the C F a n d E L I S A p o s i t i v e s e r a w a s n e g a ­

t i ve i n the I F A a s s a y , i n d i c a t i n g the lower s e n s i ­

t i v i t y of I F A c o m p a r e d to E L I S A . T h e s e r u m 

t ha t w a s n e g a t i v e for a n t i - A d a n t i b o d i e s b y E L I ­

S A resu l t ed a l so n e g a t i v e w i t h the use of the 

o ther two tes ts . T w o s e r a were p o s i t i v e b y E L I S A 

a n d n e g a t i v e a c c o r d i n g to b o t h C F a n d I F A as ­

s a y s . 

A n t i - A d a n t i b o d y p r e v a l e n c e i n i n f a n t s 

f r o m the c i t y o f S ã o P a u l o 

116 s e r u m s a m p l e s o b t a i n e d f rom c h i l d r e n 

be tween 1 a n d 24 m o n t h s of a g e , m e a n of 7.28 

m o n t h s , were tes ted for the p r e s e n c e of a n t i - A d 

a n t i b o d i e s u s i n g E L I S A , as s h o w n i n F i g . 1. T h e 

d a t a i n d i c a t e t h a t i n fan t s of less t h a n 4 m o n t h s 

of age h a v e a h i g h p r e v a l e n c e , c lose to 100% of 

a n t i - A d a n t i b o d i e s , m o s t of t h e m p r o b a b l y ac ­

q u i r e d i n t r a u t e r u s . A t the age of 5 to 6 m o n t h s 

the c u r v e s h o w s a n a d i r , s u g g e s t i n g the loss of 
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AGE IN MONTHS 
F i g . 1 — T h e d a t a we re d e r i v e d f r o m 116 s e r a t es ted b y E L I S A 

for a n t i A d a n t i b o d i e s p r e s e n c e , n = n u m b e r of s e r a i n e a c h 

g r o u p . 

I n t h i s s t u d y , we s h o w e d t h a t the E L I S A 

w a s m o r e s e n s i t i v e for a n t i - A d a n t i b o d i e s de tec­

t i on t h a n C F a n d I F A , w h i c h d i s p l a y e d re la t i ve 

sens i t i v i t i es of 63% a n d 94%, respec t i ve l y . O u r 

resu l t s are i n a c c o r d a n c e w i t h d a t a o b t a i n e d in 

o ther s t u d i e s 7 , where the E L I S A h a d b o t h h i g h e r 

s e n s i t i v i t y a n d spec i f i c i t y w h e n c o m p a r e d w i th 

I F A or C F . H o w e v e r , i n ou r s y s t e m , i t w a s diff i­

c u l t to a s s e s s the spec i f i c i t y of the E L I S A , s i n c e 

the two s e r a w h i c h were a n t i b o d y p o s i t i v e b y 

E L I S A a n d n e g a t i v e b y C F a n d I F A c o u l d repre 

sen t e i ther fa lse p o s i t i v e E L I S A resu l t s , or fa lse 

n e g a t i v e C F a n d I F A o n e s . T h e s e d i f fe rences 

c o u l d no t be a s c r i b e d to the spec i f i c i t y of the 

a n t i g e n s e m p l o y e d i n the three a s s a y s , s i n c e a l l 

of t h e m u s e d the s a m e A d 5 s t r a i n for v i r a l an t i ­

g e n p r e p a r a t i o n . T h e A d 5 h a s b e e n p r e v i o u s l y 

s h o w n to e x t e n s i v e l y c ross r e a c t w i t h a n t i b o d i e s 

to the o ther k n o w n A d s t r a i n s , by C F a n d E L I ­

S A 7 . H o w e v e r , t h i s o b s e r v a t i o n does n o t h o l d 

t rue for a n t i - A d n e u t r a l i z i n g a n t i b o d i e s , w h i c h 

are h i g h l y t ype spec i f i c . T h e r e f o r e , a l t h o u g h the 

n e u t r a l i z a t i o n r e a c t i o n rep resen ts the g o l d s t a n ­

d a r d for a n t i - A d a n t i b o d i e s d e t e r m i n a t i o n , i t 

c o u l d no t be u s e d i n t h i s s t u d y , b e c a u s e we d i d 

no t k n o w w h i c h s t r a i n s h a d in fec ted the p a t i e n t s 

w h o s e s e r a were tes ted . T h e a c c u r a c y of I F A w a s 

ve ry c lose to the E L I S A one i n th i s s t u d y , b u t 

the E L I S A offers a d d i t i o n a l a d v a n t a g e s , s i n c e 

i t is a n u n c o m p l i c a t e d tes t to pe r fo rm a n d , i n 

con t ras t to I F A , i t is a u t o m a t i c a l l y read a n d does 

no t d e p e n d on the v i s u a l s k i l l s of the l a b techno ­

log is t . 

We a l so f ound a h i g h p r e v a l e n c e of a n t i - A d 

a n t i b o d i e s i n the i n f a n t s f r om the c i t y of S ã o 

P a u l o . T h e a n t i b o d y c u r v e s h o w e d a s u d d e n fa l l 

f rom more t h a n 9 5 % seropos i t i ves before 4 m o n t h s 

of age, to 27% pos i t i ve s a m p l e s a t 5 a n d 6 m o n t h s 

of age . T h e n a d i r m o s t p r o b a b l y represented the 

l o s s of m a t e r n a l a n t i b o d i e s . T h e r e a f t e r , there 

w a s a s t e a d y i n c r e a s e i n the p r e v a l e n c e of an t i -

A d a n t i b o d i e s , i n d i c a t i n g t rue a d e n o v i r u s in fec-



t i ons in th i s p o p u l a t i o n , so t h a t after 9 m o n t h s 

of age more t h a n 80% of the c h i l d r e n h a d been 

i n c o n t a c t w i t h these v i r u s e s . T h e s e f i n d i n g s are 

in a c c o r d a n c e w i t h p r e v i o u s s t u d i e s 1 1 3 w h i c h 

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

c o u n t e d for 5.4% of the r e s p i r a t o r y i n fec t i ons in 

i n fan t s be tween 0 a n d 24 m o n t h s of age , i n S ã o 

P a u l o , these v i r u s e s c o u l d no t be i s o l a t e d f rom 

c h i l d r e n y o u n g e r t h a n 4 m o n t h s . Moreove r , i t 

h a s a l r eady b e e n s h o w n tha t , i n the c i t y of S ã o 

P a u l o , after the age of 2 years 76.6% of the popu la ­

t ion h a d an t i -Ad an t ibod ies by C F 3 . T h e d a t a pre 

sented i n our s t u d y s u p p o r t the conc lus i on tha t 

m o s t of the p r i m a r y adenov i rus in fec t ions are a l ­

r e a d y a c q u i r e d b y the age of 10 m o n t h s . H o w e ­

ver , the p resence of a n t i - A d a n t i b o d i e s does n o t 

n e c e s s a r i l y m e a n p ro tec t i on a g a i n s t d i s e a s e , be­

c a u s e n e u t r a l i z i n g de fenses are v e r y m u c h t ype 

spec i f i c a n d re in fec t ions w i t h d i f ferent s e r o t y p e s 

are qu i t e f requent . F u r t h e r m o r e , the a d e n o v i ­

r uses m a y b e c o m e l a t en t a n d i n the i m m u n o ­

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

less f requen t t h a n w i t h h e r p e s v i r u s e s , c a n c a r r y 

a n e q u a l l y h i g h m o r b i d i t y . I n v i ew of the p resen t 

e x p a n s i o n of i m m u n o s u p p r e s s i v e t h e r a p e u t i c 

r e g i m e n s , rou t i ne s u r v e y s of a d e n o v i r u s reac t i ­

v a t i o n s or re in fec t i ons are n e e d e d , b e g i n n i n g a t 

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

l i ve r t r a n s p l a n t p a t i e n t s w h i c h a p p e a r to bea r 

the h i g h e s t r i s k of f a ta l a d e n o v i r u s i n f e c t i o n 2 

10 , 11 

I n c o n c l u s i o n , ou r d a t a h a v e d e m o n s t r a t e d 

t h a t E L I S A is a h i g h l y s e n s i t i v e tes t for a n t i - A d 

a n t i b o d i e s de tec t i on , s u p e r i o r to C F a n d I F A . 

We h a v e a lso s h o w n t h a t a d e n o v i r u s e s s ta r t to 

s p r e a d , i n S ã o P a u l o , a t v e r y ea r l y a g e s a n d t h a t 

m o r e t h a n 80% of the c h i l d r e n are a t r i s k of reac ­

t i v a t i o n u p o n i m m u n o s u p p r e s s i o n . 

R E S U M O 

E n s a i o i m u n o e n z i m á t i c o : D e t e c ç ã o de a n t i c o r ­

p o s a n t i - a d e n o v i r u s n u m a p o p u l a ç ã o i n f a n t i l 

de S ã o P a u l o . 

C o m a f i n a l i d a d e de e n c o n t r a r u m e n s a i o 

p rec i so p a r a a d e t e c ç ã o de a n t i c o r p o s an t i - ade¬ 

n o v í r u s , o teste E L I S A r e c e n t e m e n t e p a d r o n i ­

z a d o foi c o m p a r a d o à i m u n o f l u o r e s c ê n c i a i nd i ­

re ta ( I F I ) e à f i x a ç ã o de c o m p l e m e n t o ( F C ) . A p ó s 

tes ta r 58 so ros , o E L I S A d e m o n s t r o u m a i o r s e n ­

s i b i l i d a d e do que a I F I e a F C , q u e m o s t r a r a m 

s e n s i b i l i d a d e s r e l a t i v a s de 94% e 6 3 % , respec t i ­

v a m e n t e . A f a l t a de u m p a d r ã o u n i v e r s a l n ã o 

p e r m i t i u a l c a n ç a r c o n c l u s õ e s de f i n i t i vas q u a n t o 

à e s p e c i f i c i d a d e d o s e n s a i o s . A l é m d i sso , o E L I ¬ 

S A foi u t i l i z a d o p a r a es tabe lece r a p r e v a l ê n c i a 

de a n t i c o r p o s a n t i - a d e n o v í r u s e m 116 c r i a n ç a s 

en t re 1 e 24 m e s e s de i d a d e (méd ia7 .28 ) . O s d a d o s 

m o s t r a r a m q u e os a n t i c o r p o s m a t e r n o s d e s a p a ¬ 

r e c e m ao redor dos 5 a 6 m e s e s de i d a d e e que 

m a i s de 80% d a s c r i a n ç a s t i n h a m s ido i n f e c t a d a s 

an tes dos 10 m e s e s de i d a d e . 
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