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S U M M A R Y 

M y c o b a c t e r i u m b o v i s ( B C G ) s ignif icant ly e n h a n c e d the d e v e l o p m e n t o f im
muni ty b y CFW, C57BL/6 , C 5 7 B L / 1 0 S c N and B A L B / c ( N u + ) m i c e t o the e r y t h r o c y t i c 
s tages o f P. berghei. M i c e t reated wi th B C G requ i r ed f e w e r c y c l e s o f in fec t ion 
and Pansidar ( p y r i m e t h a m i n e + su l f adox ine ) c u r e in o r d e r to d e v e l o p s o l i d 
immun i ty than unt rea ted , i m m u n i z e d m i c e . H o w e v e r , t hose , m i c e t reated wi th 
B C G at 30 days b e f o r e the ini t ia t ion o f i m m u n i z a t i o n s h o w e d an ear l iear l o s s 
o f i m m u n i t y to P. be rghe i than those m i c e w h i c h r e c e i v e d B C G at 14 d a y s o r 
n o B C G . Thus , B C G e n h a n c e d the hos t i m m u n e r e s p o n s e t o P. berghei dur ing 
an initial infec t ion , b u t s h o r t e n e d the length o f i m m u n i t y s o that mice w e r e 
m o r e suscep t ib le to P. berghei dur ing subsequen t in fec t ions . T r e a t m e n t o f CFW, 
B A L R / c and C57BL/6 m i c e w i t h bacter ia l l i p o p o l y s a c c h a r i d e o r h y d r o c o r t i s o n e 
aceta te ( H D C ) c a u s e d the a n i m a l s t o requi re m o r e c y c l e s o f i n f ec t i ons and d rug 
c u r e in o r d e r t o attain i m m u n i t y than c o n t r o l s . T r e a t m e n t o f i m m u n i z e d C57BTV 
lOScN m i c e w i t h h y d r o c o r t i s o n e c o m p l e t e l y a b o l i s h e d thei r abi l i ty t o surv ive a 
P. berghei infec t ion . 

K E Y W O R D S : M y c o b a c t e r i u m bovis — B C G — Bac te r i a l L i p o p o l y s a c c h a r i d e 
I m m u n i t y t o Plasmodium berghei — Ef fec t o f H y d r o c o r t i s o n e Mlycobac te r ios i s . 

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

Bacter ia l l i p o p o l y s a c c h a r i d e ( L P S ) has b e e n 
f o u n d to de lay the d a y o f dea th a n d / o r the 
onse t o f paras i temia in P. be rghe i and P . vivax 
in fec t ions x - i 2 . H y d r o c o r t i s o n e has b e e n f o u n d 
t o exace rba t e p . be rghe i i n f e c t i o n s 1 3 o r t o de lay 
the d a y o f death and the onse t o f parasite
m i a 2 8 . K i l l e d C o r y n e b a c t e r i u m p a r v u m and 
B C G a re e a c h capab le o f enhanc ing hos t resis
t ance to P l a s m o d i u m and B a b e s i a s p e c i e s 8 - 9 . 2 2 

H o w e v e r , S M R K O V S K I & S T R I C K L A N D 3 0 

r e p o r t e d recent ly that unde r the app rop r i a t e 

c o n d i t i o n s t r ea tment w i t h B C G inter fered w i t h 
the d e v e l o p m e n t o f p r o t e c t i v e i m m u n i t y t o P. 
berghei b y m i c e w h i c h h a d b e e n p rev ious ly im
m u n i z e d b y i r rad ia ted s p o r o z o i t e s . I n a pre
v i o u s s tudy, w e f o u n d tha t m i c e b e c a m e soli
d ly i m m u n e to P. b e r g h e i after severa l c y c l e s 
o f in fec t ion and Fans ida r c u r e t 2 . I n l ight o f 
the fo r ego ing , w e u n d e r t o o k the p resen t s tudy 
to de t e rmine the e f fec t s o f B C G , H D C , and LPS 
o n the abil i ty o f severa l s t ra ins o f m i c e t o de
v e l o p so l id i m m u n i t y t o the e r y t h r o c y t i c fo rms , 
o f P. be rghe i . 
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M A T E R I A L S A N D M E T H O D S 

A n i m a l s C F W , C57BL/6 , and C57BL/10ScN 
m i c e w e r e o b t a i n e d f r o m the Na t iona l Inst i tute 
o f Al le rgy and I n f e c t i o u s Diseases R o c k y M o u n 
tain L a b o r a t o r y , H a m i l t o n , M T . T h e B A L B / c 
( N u / + ) m i c e w e r e o b t a i n e d f r o m a b r e e d i n g 
c o l o n y in the M i c r o b i o l o g y D e p a r t a m e n t an imal 
facil i ty a t the Univers i ty o f M o n t a n a . All m i c e 
w e r e m a l e , 6- t o 8-weeks-old and w e i g h e d 20-25g 
at the beg inn ing o f e a c h e x p e r i m e n t . M i c e w e r e 
f ed m o u s e l ab c h o w a n d w a t e r a d l i b i tum. 

Paras i te : T h e N K 6 5 s train o f P l a s m o d i u m 
berghe i w a s or ig ina l ly o b t a i n e d f r o m the Uni
versity o f -New M e x i c o , A l b u q u e r q u e , N M , and 
had b e e n ma in ta ined b y w e e k l y b l o o d passages 
in Swiss -Webs te r m i c e f o r 5 y r b e f o r e b e i n g 
used in this s tudy. All m i c e w e r e each inocula t 
e d in t raper i toneal ly ( I P ) wi th phys io log ica l sa
l ine con ta in ing 1 0 7 P . berghei-parasi t ized ery
th rocy t e s . T h e inocu la t ing su spens ion o f in
f e c t e d e ry th rocy t e s w a s k e p t at 4*0 and the in
terval b e t w e e n b leed ing d o n o r and inocula t ing 
rec ip ien t m i c e neve r e x c e e d e d 40 m i n . 

M y c o b a s t e r i u m b o v i s B C G : M y c o b a c t e r i u m 
b o v i s , Bac i l l u s Calmet te-Guér in ( B C G , Par is 
s t ra in ) w a s o b t a i n e d f r o m a s t o c k cu l tu re m a u > 
ta ined in the M i c r o b i o l o g y D e p a r t m e n t a t the 
Univers i ty o f M o n t a n a . T h e s t o c k cu l tu re w a s 
d i lu ted w i t h D u b o s B r o t h to an op t i ca l densi ty 
o f 200 ( K l e t t 200) as de t e rmined b y a Klet t -Sum-
m e r s o n n.° 42. K l e t t 200 suspens ions o f B C G 
were s t o r e d at-70°C. After thawing, the sus
p e n s i o n w a s d i lu ted t o a "Kle t t 100" suspens ion 
b y add ing an equal v o l u m e o f D u b o s B r o t h . T o 
d e t e r m i n e the n u m b e r o f c o l o n y - f o r m i n g units 
o f B C G , f ive 0.1 m l 10- 4 t o 10^ di lu t ions w e r e 
each p l a t ed in dup l ica te o n D u b o s agar plates , 
w h i c h w e r e then sealed in p las t ic b a g s and in
c u b a t e d at 37°C f o r 28 days . T h e n u m b e r o f via
b le B C G o r g a n i s m s w a s de t e rmined b y coun t ing 
v i s ib le c o l o n i e s . B C G w a s suspended in a sa
line so lu t ion con ta in ing 0.5% tween 80. T w o 
tenths m l o f this suspens ion conta in ing 10 s 

v iab le B C G o r g a n i s m s w a s in j ec t ed I P o r intra
v e n o u s l y ( I V ) in to each rec ip ient at 30 o r 14 
d a y s b e f o r e the first i nocu la t ions o f P. berghe i . 

L i p o p o l y s a c c h a r i d e ( L P S ) : L P S w a s obtain
e d f r o m D r . K . B . V o n E s c h e n , Nat ional Insti
tute o f Al l e rgy and In fec t ious Diseases , R o c k y 
M o u n t a i n L a b o r a t o r y , Hami l t on , M T . T h e L P S 

w a s ex t r ac t ed f r o m w h o l e cel l ex t r ac t i ons o f 
Salmonella minnesota E T , w i l d type , strain 
1114,0-H2O. T e n m i c r o g r a m s L P S in 0 . 2 m l d is
t i l led w a t e r w a s in j ec t ed I P i n to e a c h r e c i p i e n t 
o n the s a m e day o f t h e f irst i n o c u l a t i o n of P. 
berghei. 

Hydrocortisone ( H D C ) : H D C ace ta te (Sig
m a C h e m i c a l C o . , Sa in t Lou i s , M O ) w a s p r epa 
r e d a s f o l l o w s . A 0 .85% saline s o l u t i o n w a s 
p r e p a r e d w h i c h a l so c o n t a i n e d 0 . 4 % t w e e n 80, 
0 , 9 % benzy l a l c o h o l , 0.3% c a r b o x y - m e t h y l ce l 
lu lose , a n d 50 m g H D C a c e t a t e / m l . O n tenth m l 
o f this so lu t ion w h i c h c o n t a i n e d 5 m g o f H D C 
w a s in j ec t ed subcu taneous ly ( S C ) in to e a c h re
c ip ien t o n the s a m e d a y o f the f irst i nocu la 
t i on o f P. be rghe i . 

C h e m o t h e r a p y : All an imals r e c e i v e d 6 o r 7 
c y c l e s o f P. berghei i n fec t ion and Fans ida r c u r e 
( C I C ) . Fans idar ( table t f o r m ) w a s d i s s o l v e d in 
d is t i l l ed w a t e r and admin is te red b y g a v a g e in a 
s ing le d o s e (1 m g p y r i m e t h a m i n e + 20 m g sul-
f a d o x i n e / k g b o d y w e i g h t ) 5-6 days after, paras i 
te i n o c u l a t i o n w h e n the paras i temia w a s 40-50%. 
Paras i te c l ea rance usual ly o c c u r e d 2-3 d a y s af ter 
d r u g t rea tment . At 7 d a y s after d r u g t r ea tmen t , 
m i c e w e r e i nocu l a t ed I P w i t h 10 i P. berghei in
f e c t e d e ry th rocy te s . W e h a d d e t e r m i n e d p re 
v i o u s l y that Fans ida r had n o e f fec t o n P. ber
ghei i f m i c e w e r e i n o c u l a t e d w i t h the p a r a s i t e 
4 o r m o r e d a y s after a s ingle ora l d o s e o f Fan
s idar . 

Immunity — Survival t ime w a s u s e d t o as-
se s s the d e g r e e o f i m m u n i t y to P. berghei b y 
m i c e t rea ted wi th B C G , L P S o r H D C . T h e stu
d y c o n s i s t e d o f s ix exper imen t s ( A - F ) , e a c h of 
w h i c h c o n t a i n e d 3,4 o r 5 g r o u p s o f 10 m i c e . 
E x p e r i m e n t A w a s c o m p o s e d o f 5 g r o u p s of 
C F W m i c e . G r o u p s 1 and 2 r ece ived B C G IP o r 
I V , respec t ive ly , 30 days b e f o r e i n o c u l a t i o n o f 
P. berghei. 

G r o u p s 3 and 4 r ece ived B C G I P o r I V , res

pec t ive ly , 14 days b e f o r e P. berghei i n o c u l a t i o n . 

G r o u p 5 s e rved as a c o n t r o l . E x p e r i m e n t B was 

the s a m e as expe r imen t A, e x c e p t that C57BL/10 

S c N m i c e w e r e used . E x p e r i m e n t C h a d f o u r 

g r o u p s o f C57BL/6 m i c e . G r o u p 1 r e c e i v e d B C G 

I P 14 d a y s b e f o r e P. berghei i nocu la t ion , g r o u p s 

2 a n d 3 r e c e i v e d L P S and H D C , respec t ive ly , at 

s a m e d a y o f paras i te i nocu la t i on a n d g r o u p 4 

s e r v e d as c o n t r o l . E x p e r i m e n t D w a s the same 



as expe r imen t C, excep t that ( B A L B / c (Nu/+) 

m i c e were used. E x p e r i m e n t E c o n s i s t e d o f 4 

g r o u p s o f CFW m i c e . G r o u p 1 r e c e i v e d BCG I P 

14 d a y s be fo r e P. berghèi i nocu la t i on , and g r o u p 

4 was a c o n t r o l . E x p e r i m e n t F w a s p e r f o r m e d 

as expe r imen t E excep t that C 5 7 B L / 1 0 S c N m i c e 

w e r e used. 

Fading of immunity — T h o s e CFW and 

C57BL/10ScN m i c e w h i c h h a d b e e n t reated wi th 

BCG 14 o r 30 days b e f o r e i m m u n i z a t i o n by CIC 

and w h i c h su rv ived P. berghei cha l lenge ; w e r e 

each inocu la ted w i t h 1 0 7 P. be rghe i — in fec ted 

e ry th rocy te s at 120 days after the last in fec t ion . 

Untreated, i m m u n i z e d m i c e s e rved as a c o n t r o l . 

T h e n u m b e r o f deaths f o r e a c h g r o u p o f m i c e 

was r e c o r d e d f o r 60 days after i nocu la t i on o f 

each m o u s e wi th P. "berghei. 

Signif icant d i f fe rences a m o n g var ious expe 

cimentai g r o u p s were , d e t e r m i n e d b y the stu

dent ' s t-test at P. values o f 0.05. 

RESULTS 

Effects of B C G , LPS and H D C on the abili

ty of Fansidar-cured mice to develop immuni

ty to P. berghei — Signi f icant ly be t t e r p ro tec 

t ion against P, be rghe i w a s o b t a i n e d in all f o u r 

s t ra ins o f m i c e t rea ted with B C G than c o n t r o l 

m i c e , whereas L P S a n d H D C had a s igni f icant 

de le te r ious e f fec t (F ig s . 1 4 , 8 ) . E a c h strain' o f 

m i c e t reated wi th B G G requ i r ed f e w e r cycles , 

o f in fec t ion and c u r e in o r d e r t o b e c o m e i m m u 

ne a n d s ignif icant ly m o r e m i c e su rv ived the P. 

berghei i n fec t ion than d i d c o n t r o l s (F ig s . 1-4). 

In BCG-trea ted m i c e , 100% o f the C F W a n d 

C57BL/6 m i c e s u r v i v e d .a n o r m a l l y lethal inocu

la t ion o f P. be rghe i af ter 5 C I C ( F i g s . 2 ,4 ) ; 9 0 % 

of the B A L B / c a n d 70% o f the C 5 7 B L / 1 0 S c N 

m i c e su rv ived after 6 o r 7 C I C (F ig s . 1, 3 ) . I n 

ail four strains x)i m i c e . H D C had a significan

tly greater de le t e r ious effect than that o f L P S 

(F igs . 1-4). In e a c h s t rain o f m i c e , t r e a tmen t 

w i t h L P S o r H D C d e l a y e d the onse t o f immuni 

ty and caused an inc rease in the n u m b e r o f 

CIC necessa ry to ob ta in i m m u n e an imals (F igs . 

1-4.8). In C57BL/1GSCN m i c e , t r ea tment w i t h 

H D C c o m p l e t e l y a b o l i s h e d the abil i ty o f i m m u 

nized an imals to su rv ive a P. be rghe i i n fec t ion 

(F igs . 1 ) . 

E f f ec t o f t i m e and r o u t e o f B C G adminis 

t ra t ion o n the d e v e l o p m e n t o f i m m u n i t y b y 

C F W and C57BL/10ScN m i c e — In each s t rain 

o f m i c e , I V admin i s t ra t ion of B C G p r o v i d e d 



sl ight ly m o r e signif icant p r o t e c t i o n than d id 
IP admin i s t ra t ion (P igs . 5,6). Admin i s t r a t ion o f 
B C G at 30 d a y s b e f o r e the ini t ia t ion o f i m m u 
nizat ion b y in fec t ion a n d d rug cu re p r o v i d e d 
s ignif icant ly grea ter p r o t e c t i o n than d id B C G 
admin i s t ra t ion a t 14 days (F igs . 5, 6 ) . After 4 
o r 5 c y c l e s o f in fec t ion and cu re , near ly 100% 
o f the m i c e su rv ived that had r ece ived B C G I V 
o r IP at 14 o r 30 days . I n a b o u t 90% o f the 
C57BIV10SCN m i c e t reated w i t h B C G I V o r 

I P at 30 d a y s b e c a m e i m m u n e to P. berghei. 
T h e least a m o u n t o f p r o t e c t i o n ( a b o u t 7 0 % ) 
w a s o b s e r v e d in t hose C57BIV10ScN m i c e w h i c h 
had b e e n t rea ted w i t h BCG a t 14 d a y s (Fig. 6 ) . 

Fading o f immunity in immunized C F W 
and C 5 7 B L / 1 0 S c N mice treated with B C G . C F W 
and C57BIV10ScN m i c e that h a d rece ived B C G 
at 14 o r 30 d a y s b e f o r e C I C and h a d su rv ived 
w e r e i nocu l a t ed w i t h P. be rghe i at 120 d a y s 
after the las t P. berghei in fec t ion . Fif ty t o 80% 



o f the c o n t r o l m i c e and m i c e w h i c h had receiv
e d B C G at 14 days b e f o r e C I C surv ived , whe rea s 
all o f the C57BL/10SCN and C F W m i c e that had 
rece ived B C G at 30 d a y s b e f o r e C I C h a d d i e d 
b y 30 and 50 days , respec t ive ly , after P. berghei 
inocu la t ion (F ig . 7 ) . 

DISCUSSION 

I t has been k n o w n f o r s o m e t i m e that kill
e d Mycobacterium tuberculosis c a n potent ia te 

the d e v e l o p m e n t o f res i s tance t o malar ia l pa
rasi tes w h e n admin i s t r ed in c o n j u n c t i o n w i t h 
spec i f i c antigen. F R E U N D e t a l . 1 5 demons t ra t 
e d that k i l led M . tuberculosis a n d b l o o d f o r m s 
o f Plasmodium knowlesi emu l s i f i ed in paraff in 
oi l and lanol in ex t rac t c o n f e r r e d s igni f icant p r o 
tec t ion to rhesus m o n k e y s against a n o r m a l l y 
lethal i nocu la t ions o f e r y t h r o c y t i c f o r m s o f P. 
knowlesi. T rea tmen t o f m o n k e y s w i t h i n c o m 
p le te -Freund's adjuvant o r an t igen a l o n e b e f o r e 
i nocu la t i on o f e r y t h r o c y t i c f o r m s o f P know-



lesi o r P. falciparum d o e s n o t p r o v i d e as m u c h 

p r o t e c t i o n as paras i te an t igen c o m b i n e d w i t h 

c o m p l e t e F r e u n d ' s ad juvan t ( C P A ) W 1 . Likewi

se , B G C paras i t e an t igen i so la ted , emuls i f i ed in 

adjuvant 65 d o e s n o t p r o t e c t rhesus m o n k e y s 

f r o m P. knowlesi, w h e r e a s B C G and paras i te 

ant igen emuls i f i ed in ad juvan t 65 d o e s p r o v i d e 

p r o t e c t i o n 2 1 . L i v e M . tube rcu los i s g i v e n t o t h e 
Ind ian b r o w n m o n k e y in the a b s e n c e o f an t igen 
o r ad juvant lengthens the p repa ten t p e r i o d o f 
P. k n o w l e s i i n fec t ion and p r o t e c t s s o m e m o n 
k e y s against lethal P. c y n o m o l g i i n f e c t i o n 1 . 

Admin i s t r a t i on o f M y c o b a c t e r i a t o m i c e b e 

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



usual ly c o n f e r s part ial o r c o m p l e t e res i s tance 
to the paras i te . I m m u n i z a t i o n o f m i c e w i t h pa
rasi te ant igen in CFA d o e s no t p r o t e c t m i c e 
against P. b e r g h e i 2 6 , w h e r e a s B C G has b e e n 
f o u n d t o nonspec i f ica l ly p r o t e c t m u r i n e h o s t s 
against r oden t m a l a r i a 7 . E r y t h r o q y t i c s tages o f 
P. be rghe i p lus B C G has b e e n f o u n d to p r o v i d e 
s ignif icant p r o t e c t i o n o f m i c e against P. be rghe i 
b u t the degree o f p r o t e c t i o n var ied w i t h the an
t igen l o t 2 6 . Usual ly, B C G a lone d o e s n o t c o n f e r 
res i s tance to P. b e r g h e i 2 2 b u t it d o e s p r o t e c t 
m i c e f r o m P. v incke i and r e d u c e s o r abla tes the 
t e m p o r a l per iphera l pa ras i t emia o f a P. yoe l i i 
i n f ec t ion 7 . 

M i c e successfu l ly i m m u n i z e d b y a s ingle o r 

severa l C I C wi thou t B C G t rea tment 10 ,11 ,12 ; usua

lly retain the abil i ty to su rv ive subsequen t P. 

berghe i chal lenge f o r at least 120 days . I n the 

p re sen t s tudy, w e f o u n d that B C G t rea tment o f 

m i c e b e f o r e immuniza t ion b y severa l C I C de

c r e a s e d the n u m b e r o f CIC requ i red to e l ic i t 

s o l i d i m m u n i t y in CFW, C57BIV10ScN, C57BL/6 

a n d B A L B / c strains o f m i c e . M u r p h y & Lef-

f o r d 2 3 a l so f o u n d that B C G t rea tment f o l l o w e d 

b y t w o vacc ina t ions w i t h e r y t h r o c y t i c s tages o f 

P. b e r g h e i significantly i nc reased the n u m b e r 

o f m i c e surviving parasi te cha l lenge , b u t that 

there w a s a m o r e rap id l o s s o f ma la r i a l i m m u 

nity. 

S M R K O V S K I & S T R I C K L A N D 3 0 f o u n d that 
B C G in te r fe red w i t h the d e v e l o p m e n t and main
tenance o f i m m u n i t y to s p o r o z o i t e cha l l enge in 
m i c e i m m u n i z e d b y i r rad ia ted s p o r o z o i t e s o f P. 
berghe i . Recen t ly , S M R K O V S K I 2 9 r e p o r t e d that 
I V adminis t ra t ion o f B C G m o r e i m m u n o s u p r e s -
s ive than B C G g iven IP, S C o r in t ramuscu la r ly . 
In t r avenous admin is t ra t ion o f B C G o n l y has 
b e e n r e p o r t e d t o c o n f e r n o n s p e c i f i c r e s i s t ance 
to P l a s m o d i u m infec t ions in m i c e 7 . I n e a c h 
strain o f m i c e the cu rve o f p r o t e c t i o n w i t h in
t r avenous admin is t ra t ion s e e m s t o a f f o r d a 
sl ightly h igher p r o t e c t i o n than I . P . ( F i g s . 5, 6 ) , 
a l though this m a y n o t b e s igni f icant . A d m i n i s 
t ra t ion o f B C G at 30 days b e f o r e the in i t ia t ion 
p e r i o d o f i m m u n i z a t i o n b y C I C appa ren t ly p r o 
v i d e d g rea ten p r o t e c t i o n than d i d 14 d a y s . 

O u r f indings are s imi lar t o t h o s e o f S M R 

K O V S K I & S T R I C K L A N D 3 0 in tha t B C G ap

pea r s t o enhance the d e v e l o p m e n t o f i m m u n i t y 

b u t in terferes w i t h the ma in t enance o f resis

t ance t o P. be rghe i . B e c a u s e i r r ad ia ted s p o r o 

zo i t es w e r e r ende red inef f ica t ious in r ec ip ien t 

m i c e b y e i ther pre -or pos t - t rea tment w i t h B C G , 

S M R K O V S K I & S T R I C K L A N D * p r o p o s e d tha t 



B C G interfered wi th b o t h the induc t ive phase 
o f immuni ty and m e m o r y 

Thus b e c a u s e o n l y o n e s p o r o z o i t e needs to 
surv ive to initiate this in fec t ion , an al ternative 
hypo thes i s f o r the de l e t e r ious e f fec t o f B C G 
u p o n m e m o r y m i g h t be the poss ib i l i ty o f re
c ru i tmen t o f e f f e c t o r T-cel ls t o s i tes o f BCG-
ini t iated g r a n u l o m a s n o t pe rmi t t ing the ac t i on 
o f these ce l l s t o c o n t r i b u t e t o the h o s t defense 
against this n e w in fec t ion . T h i s w o u l d b e an al
ternat ive to the s imula t ion -of sup re s so r T ce l l s , 
as p r o p o s e d b y S M R K O V S K I * 

In- a p r ev ious s tudy, w e f o u n d that Swiss -
Webs te r and C57BL/6 m i c e b e c a m e i m m u n e t o 
P. berghei after 5 C I C w h i c h l a s t ed f o r 502 
days ' 1 2 . . . I n the p resen t s tudy , s imi lar ly t reated 
m i c e w e r e i m m u n e at 120 d a y s , { t h e longes t in
terval tes ted) after -the last P. berghei in fec t ion , 
whe rea s those an imals t r ea t ed w i t h B C G 30 days 
b e f o r e CIC b e c a m e i m m u n e s o o n e r than con
t r o l s b u t qu i ck ly l o s t their i m m u n i t y . B C G in
fec t ion in the m o u s e p e a k s at a b o u t 12 days 
after inocu la t ion and is usua l ly long- l a s t ing 2 . 
There fore , B C G p r o b a b l y ef fec ts the develop
m e n t o f i m m u n i t y t o P. berghei dur ing repea ted 
•CIC. H o w e v e r , an o n g o i n g s t imula t ion o f the 
i m m u n e sys tem b y B C G c a n n o t a c c o u n t f o r the 
loss o f m e m o r y t o P . berghei b y BCG-treated 
m i c e . The re m a y b e qual i ta t ive d i f ferences i n 
the d e v e l o p m e n t o f i m m u n i t y by m i c e t reated 
with B C G and then i m m u n i z e d by C1G as c o m 
pa red to untreated, i m m u n i z e d m i c e . S u c h 
di f ferences m a y a c c o u n t f o r the fading o f im
muni ty ( loss o f m e m o r y ) t o P. berghei b y BCG-
t rea ted m i c e and the re ten t ion o f i m m u n i t y b y 
unt rea ted , i m m u n i z e d m i c e . Thus , these f indings 
indica te that n o n s p e c i f i c i m m u n o p o t e n t i a t o r s 
s u c h as B C G m a y enhance the hos t i m m u n e res
p o n s e to mala r ia paras i tes dur ing an initial in
fec t ion , bu t that they m a y a l so shor ten the in
terval o f t ime that the h o s t i s i m m u n e to the 
parasi te ás we l l as have a de le te r ious effect 
u p o n hos t res is tance to subsequen t infec t ions . 

In cont ras t t o the pe r s i s t ence o f B C G in 

in fec ted animals , m i c e a re c a p a b l e o f rapidly 

e l imina t ing L P S a n d H D C 3 - 6 . W h e n L P S is given 

b e f o r e e x p o s u r e t o ant igen, there is an increase 

in a n t i b o d y p r o d u c t i o n a n d a dep res s ion in de

l ayed type hypersensi t iv i ty ( D T H ) to sheep r e d 

b l o o d cel ls ( S R B C ) l V Since, a n t i b o d y i s k n o w n 
to inhibi t T-cell r e s p o n s e s t o c o m m o n a n t i g e n 1 9 , 
the ad juvan t e f fec t o f LPS o n a n t i b o d y p r o d u c 
t ion , 4 - 1 6 m a y b e par t ia l ly r e s p o n s i b l e f o r the 
d e c r e a s e in D T H to S R B C . Admin i s t r a t i on o f 
L P S b e f o r e the first C I C m a y -have c a u s e d a 
d e p r e s s i o n o f ce l l med ia t ed i m m u n e r e s p o n s e s 
( C M I ) necessa ry f o r the eventual d e v e l o p m e n t 
o f s o l i d i m m u n i t y to P. berghei. Conve r se ly , 
a u g m e n t a t i o n o f the h u m o r a l r e s p o n s e m i g h t 
b e r e s p o n s i b l e f o r the de lay in d a y o f death o f 
m i c e t rea ted w i t h L P S p r i o r t o the i nocu la t i on 
o f the e r y t h r o c y t i c f o r m s o f P. berghei. Parado
xica l ly , M A C G R E G O R et a l . , s c o u l d d e t e c t n o 
spec i f i c a n t i b o d y b y i m m u n o f l u o r e s c e n c e ( I F A ) 
in n o r m a l m i c e n o r in LPS-treated m i c e in fec ted 
w i t h P. berghei. w h e r e a s W A K I ,& S U Z U K I 3 3 

o b s e r v e d re la t ively h igh IFA in m i c e i n f ec t ed 
w i t h P . berghei. H o w e v e r , L P S is k n o w n to aug
ment re t i cu loendothe l i a l c l e a r a n c e 1 8 as w e l l a s 
to m e d i a t e the p r o d u c t i o n o f an unident i f ied 
subs t ance that non-speci f ica l ly in ter feres w i t h 
the d e v e l o p m e n t o f e ry th rocy t i c s t ages o f P. 
berghei 3' . 

Admin i s t r a t i on o f L P S prior" t o r epea ted C I C 
de l ayed the d e v e l o p m e n t o f so l id i m m u n i t y b y 
a b o u t o n e C I C . Twenty-s ix o f 40 c o n t r o l m i c e 
b e c a m e i m m u n e , w h e r e a s o n l y e ighteen o f fo r ty 
LPS-treated m i c e d e v e l o p e d a so l id , s ter i le im* 
m u n i t y b y the seven th C I C . Thus , t he p r i m a r y 
ef fec t o f L P S appea r s t o b e shor t - l ived and li
m i t e d t o the first C I C . I f L P S s u p p r e s s e d the 
d e v e l o p m e n t o f C M I then C M I w o u l d a p p e a r t o 
b e r e spons ib l e f o r the eventual d e v e l o p m e n t o f 
i m m u n i t y to P. berghei. M i c e that d i d n o t d e 
'velop i m m u n i t y after 7 C I C usual ly d i d n o t be
c o m e i m m u n e even wi th addi t iona l C I C . There
f o r e , L P S m a y have a long-lasting suppress ive 
e f fec t u p o n the i m m u n e r e s p o n s e to P . berghei 
-by s o m e o f the m i c e . 

H y d r o c o r t i s o n e aceta te d e p r e s s e d the de

v e l o p m e n t o f i m m u n i t y t o P. berghei t o a grea

ter extent than d i d L P S . I n m i c e H D C c a u s e s 

a shor t - l ived t h y m i c aplas ia d u e to a c y t o c i d a l 

e f fec t o n i m m a t u r e , short- l ived T - c e l l s 6 . T h e 

i m m u n e sy s t ems o f HDC-treated m i c e eviden

tly l a c k the c a p a c i t y t o recrui t these ce l l s in 

r e s p o n s e t o P. berghei i n fec t ion dur ing the first 

C I C w h i c h m a y i m p a i r their abi l i ty t o d e v e l o p 

i m m u n i t y dur ing subsequen t in fec t ions . 



RESUMO 

Efeito do M y c o b a c t e r i u m b o v i s BCG, lipopolis¬ 

sacarideo bacteriano e hidrocortisona no de

senvolvimento de imunidade ao P l a s m o d i u m 

berghe i em camundongos. 

Mycobacterium bovis ( B C G ) a u m e n t a s igni¬ 

f i c a n t e m e n t e o d e s e n v o l v i m e n t o d a i m u n i d a d e 

n o s c a m u n d o n g o s C F W , C57BL/6 , C 5 7 B L / l 0 S c N 

e B A L B / C ( N U / + ) pa ra o s e s t ág ios e r i t r o c i t o s 

do Plasmodium berghei. C a m u n d o n g o s t r a t ados 

com BCG r e q u e r e m m e n o s c i c l o s d e i n f e c ç ã o 

com P. berghei e cu r a p e l o Fans ida r ( p i r i m e t a ¬ 

m i n a + su l f adox ina ) para d e s e n v o l v e r e m imu

n idade só l ida a este paras i ta d o q u e o s c o n t r o 

les . C o n t u d o , o s an imais q u e r e c e b e r a m B C G 

30 d ias an tes d o iníc io d a i m u n i z a ç ã o ev idenc ia 

r a m u m a perda p r e c o c e da imun idade adquir i 

da p a r a o P. berghei, q u a n d o c o m p a r a d o c o m 

o s an ima i s q u e r e c e b e r a m B C G 14 d ias an tes o u 

q u e n ã o r e c e b e r a m B C G . Ass im, s e n d o , o B C G 

a u m e n t a d a a i ndução na r e spos ta i m u n e d o 

h o s p e d e i r o a o P. berghei n o c u r s o d e i n f e c ç õ e s 

s u b s e q ü e n t e s . O t ra tamento d e c a m u n d o n g o s 

C F W , B A L B / c e C57BL/6 c o m l i p o p o l i s s a c a r í d e o 

b a c t e r i a n o o u h i d r o c o r t i s o n a faz c o m q u e o s 

an ima i s r e q u e i r a m u m n ú m e r o m a i o r d e c i c l o s 

d e i n f e c ç ã o e cu r a pa ra tornarem-se i m u n e s a o 

P. berghei q u e o s c o n t r o l e s . O t r a t amen to d o s 

c a m u n d o n g o s C57BL/10ScN c o m h i d r o c o r t i s o 

na a b o l i u c o m p l e t a m e n t e a sua hab i l i dade d e 

s o b r e v i d a subseqüen tes a c i c l o s d e i n f e c ç ã o c o m 

P , bergnei e cura p e l o Fansidar . 
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