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S U M M A R Y 

I n two d i s t i n c t e x p e r i m e n t s , i m m a t u r e S . m a n s o n i w o r m s ( L E s t r a i n . B e l o H o r i 
z o n t e , B r a z i l ) , a g e d 20 d a y s , o b t a i n e d f r o m the p o r t a l s y s t e m of w h i t e o u t b r e d 
m i c e , were i r r a d i a t e d w i th 14 a n d 4 K r a d , r espec t i ve l y . A f t e rwa rds , the w o r m s were 
d i rec t l y i n o c u l a t e d in to the po r t a l v e i n of n o r m a l m i c e . I n o c u l a t i o n w a s pe r fo rmed 
w i t h 20 i r r a d i a t e d w o r m s per a n i m a l . F i f t y d a y s after i n o c u l a t i o n , the m i c e tha t 
r ece i ved 4 a n d 14 K r a d - i r r a d i a t e d w o r m s a n d the i r r espec t i ve con t ro l s w rere in fec ted 
w i t h S . m a n s o n i c e r c a r i a e ( L E s t ra in ) , b y t r a n s c u t a n e o u s route . T w e n t y d a y s after 
th i s c h a l l e n g e i n fec t i on , the a n i m a l s were s a c r i f i c e d a n d per fused for m a t u r e i r r a d i a 
ted (90-day-o ld ) a n d i m m a t u r e (20-day o ld ) w o r m c o u n t s . A n a l y s i s of the resu l t s 
s h o w e d tha t s t a t i s t i c a l l y s i g n i f i c a n t p ro tec t i on a g a i n s t ce r ca r i ae o c c u r r e d in bo th 
g r o u p s w i t h i r r a d i a t e d w o r m s . 

K E Y W O R D S : S c h i s t o s o m a m a n s o n i — i r r a d i a t e d w o r m s — i m m u n o p r o t e c t i o n — 
t r a n s p l a n t a t i o n of w o r m s . 

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

A c q u i r e d r e s i s t a n c e i n m i c e , w h i c h is a l w a y s 
p a r t i a l a n d neve r a b s o l u t e , h a s been the s u b j e c t 
of v a r i o u s r e v i e w s 8 1 1 1 2- 1 3 . R e c e n t l y , a n d m o r e 
c l ose l y re la ted to the m a t t e r of the p r e s e n t s t u d y , 
i s t h e c o m p r e h e n s i v e r e v i e w e l a b o r a t e d b y 
D E A N 3 . A c c o r d i n g to th is review, the m o s t cons is 
tent d a t a w i t h co r robo ra t i ve resu l t s were ob ta i 
n e d b y three m a j o r s y s t e m s of i m m u n i z a t i o n : 
1. T h r o u g h n o r m a l b i s e x u a l i n fec t ion — the so 
c a l l e d c o n c o m i t a n t i m m u n i t y ; 2. T h r o u g h in fec
t ion w i t h i r r a d i a t e d c e r c a r i a e a n d s c h i s t o s o m u -
les , a n d 3. T h r o u g h he te ro logous a n t i g e n s ob ta i 

n e d f rom F a s c i o l a h e p a t i c a . O n the o ther h a n d , 
the p e r t i n e n t l i t e ra tu re s h o w s d i f ferent w o r k s 
t h a t a c h i e v e d to i n d u c e a c q u i r e d i m m u n i t y , 
t h r o u g h other approaches . However , these w o r k s 
h a v e been d i s c u s s e d b y s e v e r a l a u t h o r s , t ha t we 
re no t ab le to co r robo ra te the s a m e resu l t s . I n 
th i s w a y , i m m u n o p r o t e c t i o n h a s been o b t a i n e d 
by u n i s e x u a l i n fec t i on , i n o c u l a t i o n of a n t i g e n s 
o b t a i n e d f rom e v o l u t i v e s t a g e s s u c h as c e r c a 
r iae , s c h i s t o s o m u l e s , w o r m s a n d e g g s , a n d i n o c u 
l a t i on of a n t i g e n s f rom b a c t e r i a , s n a i l s , e tc . A c 
q u i r e d i m m u n i t y h a s b e e n a l s o o b t a i n e d 
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th rough heterologous infect ions wi th other species 
of t he g e n u s S c h i s t o s o m a . N e v e r t h e l e s s , t he 
n u m b e r of w o r k s ca r r i ed o u t u n d e r th is l as t re 
s e a r c h l i ne is s t i l l ve ry r e d u c e d to a l low m o r e 
def in i te c o n c l u s i o n s . 

C o n c o m i t a n t i m m u n i t y — the m o s t ef fect ive 
a n d s tud ied so far — presents dif ferent factors tha t 
con t r ibu te to i ts h ighe r or lower man i fes ta t i on , 
as fo l lows: w o r m b u r d e n , d u r a t i o n of i n fec t ion , 
i n f ec t i on rou te , a n d g e n e t i c s of the h o s t . T h e 
s y s t e m i n v o l v i n g i r r a d i a t e d c e r c a r i a e a n d s c h i s -
t o s o m u l e s s h o w s a l so d i f ferent v a r i a b l e s t h a t i n 
terferes w i t h the r esponse . T h u s , the r e s i s t a n c e 
so p r o d u c e d d e p e n d s on the i m m u n i z i n g w o r m 
b u r d e n , i r r a d i a t i o n d o s e , i m m u n i z a t i o n rou te , 
s t r a i n of m i c e , a n d s t r a i n of p a r a s i t e u s e d 2 4 . 

I n the p resen t s t u d y , a n a t t e m p t to o b t a i n 
i m m u n i z a t i o n t h r o u g h y o u n g i r r a d i a t e d w o r m s , 
b y u s i n g a s t r a i n of S . m a n s o n i t h a t w a s no t 
e m p l o y e d for th is p u r p o s e as yet , a n d a s t a g e 
of the p a r a s i t e ra re l y u s e d i n i r r a d i a t e d s c h e m e s 
for i m m u n i z a t i o n , h a s been m a d e . 

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

T h e L E s t r a i n ( B e l o H o r i z o n t e , B r a z i l ) of S . 
m a n s o n i w a s u s e d i n th i s r e s e a r c h . T h i s s t r a i n 
h a s been m a i n t a i n e d at the l abo ra to r i es of the 
" G r u p o I n t e r d e p a r t a m e n t a l de E s t u d o s s o b r e 
E s q u i s t o s s o m o s e — G I D E " ( S c h i s t o s o m i a s i s 
R e s e a r c h U n i t ) , F e d e r a l U n i v e r s i t y of M i n a s G e 
ra i s , B r a z i l , for m o r e t h a n twen ty f ive y e a r s , a n d 
i t h a s been u s e d b y d i f ferent a u t h o r s , as s t a t e d 
in h u n d r e d s of o r i g i n a l a r t i c l es p u b l i s h e d for the 
s a m e pe r i od . 

T w e n t y - d a y - o l d S . m a n s o n i w o r m s ( L E 
s t r a i n , B e l o H o r i z o n t e , B r a z i l ) o b t a i n e d f rom the 
po r ta l s y s t e m of m i c e , as d e s c r i b e d b y B A R B O 
S A et a l . 1 , were i r r a d i a t e d b y m e a n s of a Co-60 
reac tor , a t the dose leve ls of 14 a n d 4 K r a d (not 
u s e d to th is p u r p o s e u p t i l l now) , i n two d i f ferent 
e x p e r i m e n t s . A b o u t 20 i r r a d i a t e d w o r m s were 
i n o c u l a t e d in to the po r t a l s y s t e m of wh i te out-
b red m i c e , a c c o r d i n g to the t e c h n i q u e repor ted 
b y R O C H A & C O E L H O 1 0 . F i f t y d a y s after i n o c u 
l a t i o n , the a n i m a l s w i t h i r r a d i a t e d w o r m s a n d 
respec t i ve con t ro l s of the s a m e coho r t were i n 
f e c t e d w i t h n o r m a l c e r c a r i a e of S . m a n s o n i , 
t r a n s c u t a n e o u s l y . T h e m i c e t h a t were i n o c u l a 

ted w i t h w o r m s i r r a d i a t e d w i t h 14 K r a d were 
i n f ec ted w i t h 50 c e r c a r i a e , w h e r e a s the g r o u p 
in fec ted w i t h 4 K r a d - i r r a d i a t e d w o r m s were i n 
fec ted w i t h 100 c e r c a r i a e . T w e n t y d a y s after the 
c h a l l e n g e in fec t ion , a l l the a n i m a l s were s a c r i 
f i ced a n d pe r fused for w o r m recove ry , a c c o r d i n g 
to the t e c h n i q u e p r e s c r i b e d b y P E L L E G R I N O 
& S I Q U E I R A 7 . T h e d i f fe rence i n the d e v e l o p 
m e n t of the w o r m s , re la ted to the i r age ( i r rad ia 
ted = 90 d a y s ; c h a l l e n g e in fec t ion = 20 d a y s ) , 
a l l o w e d the i den t i f i ca t i on of the i n d i v i d u a l s f rom 
the two p o p u l a t i o n s , eas i l y . 

R E S U L T S 

A s c a n be s e e n i n T a b l e 1, the i m m a t u r e 
w o r m s i r r a d i a t e d w i t h 14 a n d 4 K r a d were ab le 
to i n d u c e p ro tec t i on in m i c e a g a i n s t c e r c a r i a l 
i n fec t i on . S t a t i s t i c a l a n a l y s i s b y m e a n s of the 
S t u d e n t ' s t tes t s h o w e d a s i g n i f i c a n t d i f ference 
be tween the w o r m recove ry m e a n of the g r o u p s 
p r e v i o u s l y i n o c u l a t e d w i t h i r r a d i a t e d w o r m s 
a n d t h a t o n e of t h e i r r e s p e c t i v e c o n t r o l s (4 
K r a d s , p < 0 . 0 5 ; 14 K r a d , p<0 .001) . 

D I S C U S S I O N 

C o n s i d e r i n g the d a t a p resen ted in T a b l e 1, 
i t c a n be seen t h a t the a n i m a l g r o u p s w h i c h re
c e i v e d a p r i m e i n f e c t i o n w i t h 20 i m m a t u r e 
w o r m s , i r r a d i a t e d w i t h 4 a n d 14 K r a d , were ab le 
to a c q u i r e p ro tec t i on a g a i n s t c e r c a r i a l c h a l l e n 
ge. 

I n th i s w a y , D E A N et a l . 5 u s i n g the P u e r t o 
R i c a n S t r a i n of S . m a n s o n i a c h i e v e d i m m u n o 
p ro tec t i on t h r o u g h the i n o c u l a t i o n of 105 twen
t y -day -o ld w o r m s ( i r rad ia ted w i t h 50 K r a d ) in to 
the mesente r i c ve ins of i nb red m ice . Never the less , 
the p resen t p a p e r a n d the D e a n ' s m e n t i o n e d p a 
pe r d i f fer one of t he o the r s i g n i f i c a n t l y . T h e 
s t r a i n s of the p a r a s i t e u s e d were di f ferent, a n d 
the i n o c u l a e m p l o y e d b y D E A N et a l . 5 were f ive 
t i m e s h i g h e r t h a n those u s e d in the p resen t p a 
per, whe reas they u s e d a n i r r a d i a t i o n dose three 
t imes h i ghe r . 

O n the o ther h a n d , F O R D et a l . 6 o b t a i n e d 
p r o t e c t i o n a g a i n s t S . m a n s o n i ce rca r i ae , by ino
c u l a t i n g 400 i r r a d i a t e d (20 K r a d ) w o r m s , 11 
d a y s o ld , in to the mesenter ic ve ins of ra ts ( R a t t u s 
n o r v e g i c u s ) . T h e s e f i n d i n g s s h o w e d t ha t y o u n g 



T A B L E 1 

I m m u n i z a t i o n of m i c e b y i n o c u l a t i o n of 20 y o u n g i r r a d i a t e d w o r m s , t w e n t y - d a y - o l d , i n t o the po r ta l 

v e i n 

N u m b e r of M e a n a n d s t a n d a r d d e v i a t i o n of w o r m 

c e r c a r i a e r e c o v e r y f rom the c h a l l e n g e in fec t ion M e a n s a n d s t a n d a r d S t a t i s t i c a l 

u s e d 

i n the 

c h a l l e n g e 

i n fec t i on 

G r o u p of m i c e p r e v i o u s l y 

i n o c u l a t e d w i t h i r r a d i a t e d 

w o r m s 

( E x p . I 14 K r a d 

E x p . I I 4 K r a d ) 

E x p . I 50 

E x p . I I 100 

18.93 ± 4 97 

n -•= 14 

25.00 

n 

- 9.42 

10 

* on l y 1 a t y p i c a l a d u l t w o r m . 

i r r a d i a t e d w o r m s are v e r y ef fect ive, w h e n u s e d 

a s i m m u n i z i n g m a t e r i a l . H o w e v e r , the r a t i s 

c o n s i d e r e d a " n o n p e r m i s s i b l e h o s t " 9 a n d , there

fore, i t di f fers w i d e l y f r om the m o u s e , w h i c h is 

be l i eved to be a " p e r m i s s i b l e h o s t " . F u r t h e r m o 

re , t he a m o u n t a n d the a g e of t he i r r a d i a t e d 

w o r m s u s e d for i n o c u l u m di f ferred s i g n i f i c a n t l y 

f rom those ones u s e d i n the p resen t s t u d y , as 

we l l as f r om those u s e d b y D E A N et a i . 5 . 

F i n a l l y , the resu l t s p r e s e n t e d here , a n d the 

f i n d i n g s o b t a i n e d b y o ther a u t h o r s e n g a g e d in 

th i s r e s e a r c h l i ne , s h o w e d t ha t y o u n g i r r a d i a t e d 

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

ve r teb ra te h o s t c o u l d p r o m o t e i m m u n o p r o t e c -

t i on a g a i n s t c e r c a r i a l c h a l l e n g e . T h u s , fu r the r 

researches w i l l be necessa ry to c lear u p some b a 

s ic a s p e c t s re la ted to the i m m u n i z i n g p r o c e s s . 

Moreover , c o n s i d e r i n g the p e r t i n e n t l i t e ra tu re , 

i t i s e v i d e n t t ha t m o r e de ta i l ed s t u d i e s s h o u l d 

be ca r r i ed ou t in o rder to f ind ou t h o w l o n g the 

i m m u n i t y i n d u c e d b y the u s e of i r r a d i a t e d p a r a 

s i tes e n d u r e s i n the hos t . 

C o n t r o l 

g r o u p 

d e v i a t i o n of 

i r r a d i a t e d 

w o r m 

recovery-

a n a l y s i s 

by the 

S t u d e n t ' s 

t tes t 

P < 

12 64 ± 4.95 

n - 14 

35.20 Ü 9.40 

10 

0 1* i 0,32 

0.001 

0 0 5 

de i d a d e , o b t i d o s do s i s t e m a p o r t a de c a m u n -

d o n g o s a l b i n o s , f o r a m i r r a d i a d o s c o m 14 e 4 K r a d 

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

n a v e i a po r t a de c a m u n d o n g o s n o r m a i s . C a d a 

a n i m a l , de c a d a e x p e r i m e n t o espec í f i co , r ecebeu 

20 v e r m e s i r r a d i a d o s . D e c o r r i d o s 50 d i a s de ino-

c u l a ç ã o , os c a m u n d o n g o s c o m os v e r m e s i r r ad i a 

dos c o m 4 e 14 K r a d e s e u s r e s p e c t i v o s con t ro les 

f o r a m i n fec tados p e l a v i a t r a n s c u t â n e a , c o m cer

c a d a s d a c e p a L E de S c h i s t o s o m a m a n s o n i . N o 

20? d i a a p ó s es ta i n f ecção desa f io , os c a m u n d o n 

gos f o ram s a c r i f i c a d o s e p e r f u n d i d o s p a r a as c o n 

t a g e n s d o s v e r m e s m a d u r o s i r r a d i a d o s (90 d i a s 

de i dade ) e i m a t u r o s (20 d i a s de i dade ) . 

A a n á l i s e dos r e s u l t a d o s m o s t r o u que ocor

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

c o n t r a c e r c á r i a s n o s g r u p o s p r e v i a m e n t e i n o c u 

l a d o s c o m v e r m e s i r r a d i a d o s c o m as doses de 

4 e 14 K r a d 
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