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S U M M A R Y 

T h e present study was carr ied out to invest igate differences in the immuno¬ 

antigenici ty of 8 P. brasiliensis isolates f r o m 3 endemic areas (Botucatu : Pb 

1, 2 and 3; S ã o Pau lo : P b 18, 192 and 265; Venezuela : P b 9 and 7 3 ) . T h e antige

nic react ivi ty of each isolate in the indirect fluorescent test ( I I ) and in the immu

nodiffusion test ( I D ) w a s studied using a panel of 20 pos i t ive control sera for 

paracoccid io idomycosis . T h e humoral (measured b y immunodif fus ion) and the 

cellular (measured by the foo tpad tes t ) immune response inducing capacity of 

each isolate w a s assessed by the immuniza t ion of mice . I t w a s observed: 1. P b 

265 and P b 9 showed the highest react ivi ty in I I ; 2 . P b 192 and P b 73 w e r e the 

m o s t react ive i n I D ; 3. These results demonstra te differences in antigenicity 

among these isolates; 4. P b 18 exhibited w e a k cellular immune response inducing 

p o w e r and great capacity o f evoking a n t i P . brasiliensis antibody product ion in 

the immunized mice showing dissociation o f i ts immunogenic i ty . These differ

ences m a y indicate the occurrence of strains of the fungus o r m a y reflect modi

f icat ion of the parasite in the host o r during culturing. 

K E Y W O R D S : Paracoccidioides brasil iensis — Immunoant igenic i ty of isolates. 

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

Interest in the immunologica l diagnosis o f 

paracocc id io idomycos is has l ed to the deve lop 

men t of many serological techniques using se

ve ra l types o f antigens, especially extracts and 

fi l trates, p repared bo th f r o m the mycel ia l and 

the yeast-loke phase o f Paracoccidioides brasi

liensis ( P . brasil iensis 3 ) . Different isolates of 

the fungus w e r e soon found to have var iable 

antigenicity, and therefore it w a s p roposed 

that a p o o l o f several samples should be used 

in the preparat ion o f the antigens fo r the sé

rodiagnost ic r eac t ions 3 . 

Immunochemica l studies have disclosed the 

existence of 25 antigen fractions of P . brasi

liensis wh ich vary among the different fungal 

i s o l a t e s 1 5 1 6 . O n the other hand, morphologi 

cal, b iochemical , metabol ic and pathogenic va

riations among P. brasiliensis samples have not 

been extensively s tud i ed 1 5 . W e recent ly isolate 

several P. brasiliensis samples f r o m the secre

tions of patients w i t h paracocc id io idomycos is 

f r o m the endemic area of Botucatu, but could 

no t determine w i t h certainty whe ther these 

w e r e different strains o r isolates o f the same 

strain affecting several patients. T o contribu

te to the study o f the immunoant igenic differ 

ences among P. brasil iensis isolates, w e carri

ed out the present study to de termine possible 
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antigenic and immunogen ic differences among 
8 P. brasuiensis samples col lected f r o m differ
ent endemic areas. 

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

E X P E R I M E N T A L D E S I G N — "We studied 
three P . brasiliensis samples isolated f r o m pa
tients f r o m the endemic area of Botucatu ( B t 
1, B t 2 and B t 3 ) , three samples f r o m the Collec
t ion o f fungi o f the Depar tment of M i c r o b i o 
logy , Faculty of Medic ine , Univers i ty of Sao 
Paulo ( P b 18, P b 192 and P b 265), and t w o sam
ples f r o m the Venezuelan Insti tute of Scientific 
Invest igat ion, Caracas ( P b 9 and P b 73) . Ex
per iments w e r e car r ied out on these 8 samples 
w i th the fo l lowing object ives : 1. T o test the 
antigenicity of each sample b y indirect immu
nofluorescence and by double immunodiffu
sion on agar gel f o r the serodiagnosis of para
cocc id io idomycos is : 2. T o test the immunogeni-
c i ty of each sample b y determining the immu
ne humora l and cellular response induced in 
specifically immunized mice . 

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 T E S T — 
T h e test w a s pe r fo rmed by the technique des
cr ibed b y F R A N C O et a l* and P E T A N A & 
W A N K E I 0 . Suspensions the 8 P . brasiliensis 
samples w e r e used separately as antigenic subs
trate after culturing in F A V A N E T T O ' S 2 me
d ium fo r 14 days at 37°C. 

Each sample was tested against a panel of 
20 pos i t ive standard sera and 20 negat ive stan
dard sera fo r paracoccid io idomycosis . T h e 
diagnosis of paracoccid io idomycos is w a s con
f i rmed by his topathology and /or cytopatholo-
gy . T h e standard sera w e r e init ial ly tested at 
1:32 dilution in phosphate-buffered saline 
( P B S ) , p H 7.2. T h e f luoresceinated conjuga 
te used w a s total human anti-Ig serum labelled 
wi th f luorescein isothiocyanate (Bio-Merieux-
L a b o r a t o r y ) . 

T h e sera that w e r e pos i t ive at this dilu
t ion w e r e then t i t rated at t w o f o l d dilutions in 
each of the antigenic substrates. 

D O U B L E I M M U N O D I F F U S I O N O N A G A R G E L 
— T h e test w a s p e r f o r m e d b y the technique 
descr ibed by P E R A C O L I et a l A W e used the 
soluble antigen of each sample p repared f r o m 
yeast l ike fo rms f r o m 14-day cultures. T h e 
fungi w e r e washed 3 t imes wi th saline and 

resuspended in an equal v o l u m e o f saline. T h e 
suspension was sonicated 20 t imes in a Thorn
ton cel l disruptor f o r 20 min at 60-70 cycles / 
sec and centrifuged at 12,000 r p m f o r 20 m i n 
at 4°C. T h e supernatant ( A g S P b ) w a s s ter i l ized 
by passing through M i l l i p o r e pref i l ters and f i l 
ters 0.45 and 0.22 mp thick. P ro t e in w a s mea
sured in each sample b y the m e t h o d of L O W 
R Y et al . 6 . ( T a b l e 1 ) . 

T o determine the dilution to be e m p l o y e d 
in the react ion, each antigen w a s init ial ly tes
ted at 4 twofold-dilut ions against a pos i t i ve 
cont ro l serum f o r paracocc id io idomycos is . T h e 
dilution w a s selected taking in to considerat ion 
the serum titer, the sharpness of the precipi
tation lines, and the prote in measurement (Ta
b le 1 ) . 

Each antigen w a s then tested against t h e 
panel of pos i t ive and negat ive sera f o r paracoc
c id io idomycos is as used i n the immunof luores 
cence test. T h e standard sera w e r e init ial ly 
tested undiluted, and the pos i t ive sera w e r e 
then t i t rated at twofold-di lut ions in saline. 

M O U S E I M U N I Z A T I O N — Groups of 10 Swiss 

w h i t e out-bred male mice aged 28 days w e r e 

immunized w i t h antigens f r o m each o f the 8 

P. brasiliensis samples . T h e animals w e r e 

immunized wi th dead yeast-like f o r m s accord 

ing to the procedure o f R I F K I N D et a l . " , i.e 

w e e k l y in t radermal inject ion fo r 4 w e e k s . 



One w e e k after the last immuniz ing dose, 
the anti-P. brasiliensis immune response of 
each animal w a s tested. De layed hypersensiti
v i t y was evaluated by the foo tpad t e s t 7 , and 
humora l immuni ty by the double immunodiffu
sion test on agar ge l A 

T h e soluble antigen used to measure the 
immune response was a p o o l of the antigens 
of the 8 P . brasiliensis samples . T o select the 
foo tpad test, the p o o l was init ial ly tested at 
3 twofold-di lut ions on groups of 5 mice wi th 
and wi thout previous specific immunizat ion 
( T a b l e 2) T h e selected antigenic dilut ion w a s 
1:2, since this dilut ion w a s not toxic and yield
ed the highest indices in the immunized m i c e . 

T o asses cell immuni ty , 0.05 m l o f the 
poo l w a s injected in to the r ight hind footpad 
of each animal ( test f o o t p a d ) , and 0.05 m l of 
the diluent w a s injected in to the left h ind foot
pad (cont ro l f o o t p a d ) . T h e v o l u m e o f the 
footpads w a s measured 24 hs la ter b y plethys
mography and the indices w e r e expressed by 
the difference in v o l u m e be tween the test and 
cont ro l foo tpad . 

T o select the antigenic dilut ion to be em
p loyed in immunodiffusion, the poo l w a s ini
t ial ly tested against a pos i t ive control serum 
fo r paracoccid io idomycos is at 3 twofold-dilu
tions ( T a b l e 2 ) . T h e selected dilution w a s 1:2. 

T o evaluate the specific ant ibody produc

t ion of the mice , the sera w e r e tested bo th 

quali tat ively and quanti tat ively at twofold-di
lutions 

R E S U L T S 

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 — T a b l e 
3 shows the t i ters of the 20 posi t ive standard 
sera tested against the P . brasiliensis isolates. 
T h e y showed s imi lar antigenicity, except fo r 
P b 265 and P b 9, w h i c h y ie lded significantly 
higher t i ters w h e n Kruskal-Wall is analysis of 
var iance w a s appl ied t o the data ( H = 29.47; 
p < 0 . 0 5 ) 5 . T h e 20 negat ive standard sera 
showed no ti ter in any of the antigenic subs
trates tested. 

D O U B L E I M M U N O D I F F U S I O N O N A G A R G E L 
— T a b l e 4 shows the titers of the posi t ive stan
dard sera obtained w i t h the antigens of each 
P. brasiliensis isolates. T h e y showed similar 
antigenicity, except fo r P b 192 and Fb 73 which 
y ie lded significantly higher t i ters than P b 265, 
B t 1, B t 2 and B t 3, when the data w e r e analyz
ed by Kruska l Wa l l i s analysis of variance ( H = 
55.37; p < 0.001). T h e negat ive standard s e 
ra showed n o t i ters in any of the antigens 
tested. 

M O U S E I M M U N I Z A T I O N W I T H P. brasiliensis 
— T h e indices of the foo tpad test fo r the eva
luation of the immune cel l response of mice 
immunized wi th antigen f r o m each sample of 
P. brasil iensis are shown in T a b l e 5. T h e beha
v i o r of the var ia t ion of mean indices expresses 
the difference among the samples studied, 
w h i c h w a s tested by Gaussian analysis of ,va 



riance ^ A l l of the animals immunized -with 

the different samples showed posi t ive cel l im

mune response, w i th indices vary ing f r o m 0.5 

to 4.8. Indices f r o m P b 18 w e r e l o w e r than 

all o ther isolates, being significantly different 

f r o m those of B t 2 and B t 3 ( p < 0 .05) . T h e 

indices of the other isolates d id not differ 

amongs t themselves; the highest indices w e r e 

given by P b 192, B t 1, B t 2 and B t 3. 

T a b l e 6 shows the a n t i P . brasiliensis anti

body titers detected b y immunodiffusion in 

the sera of immunized mice . T h e animals 

immunized w i t h P b 265, B t 1, B t 3 and P b 9 

d id not deve lop specific ant ibodies. P b 192, 

P b 73, B t 2 and P b 18 induced a humora l res 

ponse in 30%, 30%, 50% and 80% of the immu

nized animals, respect ively. Only P b 18 showed 

significantly higher ti ters than the other sam

ples 5 . 

D I S C U S S I O N 

I n the present study, the antigenici ty o f 8 

P . brasil iensis isolates f r o m three different en

demic areas was assessed b y t w o serological 

tests against a panel o f 20 pos i t ive sera f o r 

paracoccidio idomycosis . P b 265 ( S ã o P a u l o ) 

and P b 9 (Venezue l a ) w e r e m o r e antigenic in 

the indirect immunofluorescence test, and P b 

192 ( S ã o P a u l o ) and P b 73 (Venezue la ) w e r e 

m o r e antigenic in double immunodiffusion test 

on agar ge l . These data demonstra te dif fer

ences in antigenici ty among the isolates tested. 

the serological test used. T h e three isolates 

f r o m Botucatu gave s imi lar results. 



Recent studies using serological , immuno 

electrophoret ic and biochemical techniques 

have demonstra ted impor tant antigenic differ

ences be tween strains 192 and 265 of P. brasi

liensis 1 5 and differences in the b iochemical 

constitution of the cell wa l l be tween strains 

9 and 73 l a . These data agree w i th our results, 

which characterize further these samples of P. 

brasiliensis as characterize further these sam

ples o£ P . brasil iensis as real strains. R E S T R E -

P O 1 2 tested, in the double immunodiffusion 

test, soluble antigens prepared f r o m the t w o 

morpholog ica l phases of 6 strains o f P. brasi

liensis against panel of 8 pos i t ive sera f r o m 

patients w i t h paracoccid io idomycosis . M o s t of 

the strains produced a c o m m o n antigen, but 

reactions of parcial identity and of nonidenti ty 

w e r e recorded fo r t w o strains. This tends to 

indicate that individual isolates, when g r o w in 

v i t ro , v a r y in the product ion of antigens, as 

also revealed in the present study. 

Using a me thodo logy s imilar to ours, P O U -

L A I N et a l " demonstra ted that not all strains 

of Candida albicans show the same reactivi ty 

in the indirect fluorescent test against sera 

f r o m patients wi th candidosis. These authors 

also showed that strains freshly isolated f rom 

patients g ive much s tronger reactions than 

those subcultured fo r a long t ime in the la

bora to ry . Th i s f inding was not conf i rmed by 

the present study, since the three Botucatu 

samples, wh ich w e r e the mos t recently isolated 

ones, did not show greater react ivi ty in either 

serological test used. 

T h e immune response inducing capacity of 

the 8 P. brasil iensis isolates w a s assessed by 

immuniz ing groups of mice w i th particulate an 

t igens. Wi th the except ion of P b 18, all isola

tes induced s imilar cellular and humoral anti-

P. brasil iensis immune response. This study 

revealed data of great interest. P b 18 showed 

weak cell immune response-inducing p o w e r and 

great capacity o f evoking anti-P. brasiliensis 

ant ibody product ion in the immunized animals. 

Since the host condit ions w e r e constant, this 

result demonstrates that the fungus itself m a y 

be the responsible for the dissociation be tween 

the humora l and cellular immune response in

duced in the animal . Th i s migh t be one expla

nat ion fo r the frequent detect ion of patients 

wi th paracoccid io idomycos is whose anti-P. bra

siliensis cell immune response is depressed 

and whose humoral response is maintained o r 

even exacerba ted , - 8 . 

Toge the r with P B 192, the three Botucatu 

isolates yielded the highest indices of cellular 

immune response in the mice , maybe indicat

ing that fo r this immunolog ic parameter the 

shorter the t ime of isolat ion the s t ronger the 

immune response inducing capacity of the 

sample. 

W h e n data f r o m the antigenicity study 

w e r e compared wi th those f rom the immuno-

genicity experiment , i t was observed a posi t ive 

correlat ion be tween the high react ivi ty of P b 

192 and P b 73 in the immunodiffusion test and 

their g o o d humoral response inducing capacity 

in mice , as determined by the same serological 

technique. Th i s data shows the presence of 

P . brasiliensis components that are both capa

b le of antigenic specificity and of immunoge-

nici ty. 

On the whole , data f r o m the present study 

showed differences in the antigenic composi

t ion and in the immunogenic i ty be tween P. bra

siliensis isolates. These differences may indi

cate the occurrence of strains of the fungus 

o r m a y reflect adaptation of the same parasite 

in different hosts o r even alteration o r mu

tation of the parasite during culturing and 

mantainance "in v i t ro" , as been showed to Can

dida albicans 1 1 . 

Further studies should be done to clarify 

these questions. 

R E S U M O 

Estudo comparativo da imuno-antigenicidade 

de 8 amostras de Paracoccidioides brasiliensis 

Para se detectar diferenças imuno-antigê¬ 

nicas entre 8 amostras de P . brasiliensis isola

das de diferentes áreas endêmicas (Botucatu : 

P b 1, 2 e 3; São Paulo : P b : 18, 192 e 265; Ve

nezuela: P b 9 e 73) , esutdaram-se: 1. A reat ivi¬ 

dade antigênica de cada amostra nas reações 

de imunofluorescência indireta ( I I ) e de imu¬ 

nodifusão dupla e m gel de agar ( I D ) contra 

painel de 20 soros controles posi t ivos para pa¬ 

racocc id io idomicose ; 2 . A capacidade de indu¬ 

zir resposta imune humoral (med ida po r imuno¬ 

difusão) e celular ( m e d i d a pe lo teste de cox im 



plan ta r ) e m camundongos imunizados c o m an-

t ígenos de cada amostra . Observamos : 1. A s 

amostras P b 265 e P b 9 mostraram-se mais rea

t ivas na I I ; 2 . Os antígenos das amostras P b 

192 e P b 73 f o r a m signif icat ivamente mais rea

t ivas na I D ; 3. Es tes dados demons t ram dife

renças de antigenicidade entre estas amostras ; 

4. A amostra P b 18 most rou baixo poder in

dutor de resposta imune celular e alta capaci

dade de indução de resposta imune humo

ral e m camundongos imunizados, revelando dis

sociação de sua imunogenicidade. 

Estas diferenças p o d e m indicar a existên

cia de cepas distintas d o fungo ou ref let i r mo

dif icações d o parasita no hospedeiro ou du 

rante seu cul t ivo. 
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