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‘A COMPARATIVE STUDY OF THE :
IMMUNOANTIGENICITY OF EIGHT PARACQOCCIDIOIDES BRASILIENSIS ISOLATES

L. M. V. BIAGIONI.-(I), T. SADATSUNE (2), M. F. FRANCO (3), M. C. F. I. MATTOS (3)

SUMMARY

The present study was carried out to investigate differences in the immuno-
antigenicity of 8 P. brasiliensis isolates from 3 endemic areas (Botucatu: Fb
1, 2 and 3; S&o0 Paulo: Pb 18, 192 and 265; Venezuela: Ph 9 and 73). The anfige-
nic reactivity of each isolate in the indirect fluorescent test (II) and in the immu-
nodiffusion test (ID) 'was studied using a panel of 20 positive control sera for
paracoccidioidomycosis. The humoral (measured by immunodiffusion) and the
cellular (measured by the footpad test) immune response inducing capacity of
each isclate was assessed by the immunization of mice. It was observed: 1. Pb
265 and FPb 9 showed the highest reactivity in II; 2. Pb 192 and Pbh 73 were the
most reactive In ID; 3. These results demonstrate differences in antigenicity
among these isolates; 4. Pb 18 exhibited weak cellular immune response inducing
power and great capacity of evoking antiP. brasiliensis antibody production in
the immunized mice showing dissociation of its immunogenicity. These differ-
ences may indicate the occurrence of strains of the fungus or may reflect modi-
fication of the parasite in the host or during culturing.
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INTRODUCTION

Interest in the immunological diagnosis of
paracocccidioidomycosis has led to the develop-
ment of many serological techniques using se-
veral types of antigens, especially extracts and
filtrates, prepared both from the mycelial and
the yeastloke phase of Paracoccidieoides brasi-
liensis (P. brasiliensis 3). Different isolates of
the fungus were soon found to have variable
antigenicity, and therefore it was proposed
that a pool of several samples should be used
in the preparation of the antigens for the se-
rodiagnostic reactions?.

Immunochemical studies have disclosed the
existence of 25 antigen fractions of P. brasi.

liensis which vary among the different fungsl
isolates 151, On the other hand, morphologi-
cal, biochemical, metabolic and pathogenic va-
riations among P. brasiliensis samples have nof
been extensively studied >, We recently isolate
several P. brasiliensis samples from fhe secre-
tions of patients with paracoccidioidomycosis
from the endemic area of Botucatu, but could
not determine with certainty whether these
were different strains or isolates of the same
strain affecting several patients. To contribu.
te to the study of the immunoantigenic differ
ences among P. brasiliensis isolates, we carri-
ed out the present study to determine possible
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antigenic and immunogenic differences among
8 P. brasiliensis samples collected from differ-
ent endemic areas.

MATERIAL AND METHODS

EXPERIMENTAL DESIGN — We studied
three P. brasiliensis samples isolated from pa-
tients from the endemic area of Botucatu (Bt
1, Bt 2 and Bt3), three samples from the Collec-
tion of fungi of the Department of Microbio-
logy, Faculty of Medicine, University of Séo
Paulo (Pb 18, FPb 192 and Pb 265}, and two sam-
ples from the Venezuelan Institute of Scientific
Investigation, Caracas (Fb 9 and Pb 73). Ex
periments were carried out on these 8 samples
with the following objectives: 1. To test the
antigenicity of each sample hy indirect immu-
nofluorescence and by double immunodiffu-
sion on agar gel for the serodiagnosis of para-

coccidioidomycosis: 2. To test the immunogeni- -

city of each sample by determining the immu-
ne humoral and cellular response induced in
specifically immunized mice,

INDIRECT IMMUNOFLUORESCENCE TEST —
The test was performed by the technique des-
cribed by FRANCO et al? and PETANA &
WANKE 0, Suspensions the 8 P. brasiliensis
samples were used separately as antigenic subs-
trate after culturing in FAVA NETTO'S? me-
dium for 14 days at 37°C.

Each sample was tested against a panel of
20 positive standard sera and 20 negative stan-
dard sera for paracoccidicidomycosis. The
diagnosis of paracoccidioidomycosis was con-
firmed by histopathology and/or cytopatholo-
gy. The standard sera were initially tested at
1:32 dilution in phosphate-buffered saline
(PBS), pH 7.2. The fluoresceinated conjugs
te used was total human anti-Ig serum labelled
with fluorescein isothiocyanate (Bio-Mérieux-
Laboratory).

The sera that were positive at this dilu-
tion were then titrated at twofold dilutions in
each of the antigenic substrates.

DOUBLE IMMUNODIFFUSION ON AGAR GEL
-— The test was performed by the technique
described by PERACOLI ef al.?, We used the
soluble antigen of each sample prepared from
yeastlike forms from l4day cultures. 'The
fungi were washed 3 times with saline and
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resuspended in an equal volume of saline. The
suspension 'was sonicated 20 times in a Thorn-
ton cell disruptor for 20 min at 60-70 cycles/
sec and centrifuged at 12,000 rpm for 20 min
at 4°C. The supernatant (AgSPb) was sterilized
by passing through Millipore prefilters and fit-
ters 0.45 and 0.22 mu thick. Protein was mea-
sured in each sample by the method of LOW-
RY et al ¢ (Table 1).

TABLE 1
Determination of the antipenic dilution of each soluble
antigen from 8 P. brasiliensis isolates to he used in immu-
nodiffusion  (ID):  protein content; titers of a positive
control serum for paracoccidioidomycosis given by 4 twofold
dilutions of each antigen. The chosen dilutions are
demarcated by parallel lines

Serum titers * in ID
Protein ‘In 4 antigenic dilutions

P. brasiliensizs
- content (mg/ml}

isolates

Undiluted 1:2 1:4 18

b 18 £.95 32 32 8 Neg
Pb 192 4.30 64 32 8 &
Pk 9 2.5 8 4 Neg Neg
Pb 265 2.0 4 8 4 8
Pb 7 4.0 64 32 & Undiluted
Bt 1 2.0 4 8 8 Undiluted
Bt 2 4.0 4 8 4 Undiluted
Bt 3 5.8 Undiluted 4 4 4

*

Titers expressed as the highest serum dilution reciprocal
giving positive result.

To determine .the dilution to be employed
in the reaction, each antigen was initially tes-
ted at 4 twofold-dilutions against a positive
control serum for paracoccidicidomycosis. The
dilution was selected taking into consideration
the serum titer, the sharpness of the precipi-
tation lines, and the protein measurement (Ta-
ble 1).

Each antigen was then tested against the
panel of positive and negative sera for paracoe-
cidioidomycosis as used in the immunofluores
cence test. The standard sera were initially
tested undiluted, and the positive sera were
then tifrated at twofold-dilutions in saline.

MOUSE IMUNIZATION — Groups of 10 Swiss
white out-bred male mice aged 28 days ‘were
immunized with antigens from each of the 8
P. brasiliensis samples. The animals were
immunized with dead yeast-like forms accord
ing to the procedure of RIFEKIND et al.B, ie
weekly intradermal injection for 4 weeks.
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One week after the last immunizing dose,
the anti-P. brasiliensis immune response of
each animal was tested. Delayed hypersensiti-
vity was evaluated by the footpad test?, and
humoral immmunity by the double immunodiffu-
sion test on agar gel.”.

The soluble antigen used to measure the
immune response was a pool of the antigens
of the 8 P. brasiliensis samples. To select the
footpad test, the pool was initially tested at
3 twofold-dilutions on groups of 5 mice with
and without previcus specific immunization
(Table 2} The selected antigenic dilution was
1:2, since this dilution was not toxic and yield-
ed the highest indices in the immunized mice.

TABLE 2
Footpad test mean indices of immunized and non-immunized
mice tested with 3 twofold dilutions of a pool of soluble
antigens from 8 P. brasiliensis isolates. Titers in the
Immunediffusion test (ID} of a positive control serum for
paracoccidioidomycosis given by these three dilutions

Footpad test
Antigenic Serum titers*
dilution Animel Mean indices =+ in ID
(n=5) Standard deviation
Undiluted Immunized 17 = 13
Non-immunized 1.2 =05 4
1:2 Immunized 15+ 0.9
Non-immunized 0.2 £ 04 4
1:4 Immunized 10 = 1.0 '
Non-immunized 04 = 0.7 Undiluted

" Titers expressed as the highest serum dilution reciprocal
giving positive result.

To asses cell immunity, 0.05 ml of the
pool was injected into the right hind footpad
of each animal (test footpad), and 0.05 mi of
the diluent was injected into the left hind foot-
pad (control footpad). The volume of the
footpads was measured 24 hs later by plethys
mography and the indices were expressed by
the difference in volume between the test and
control footpad.

To select the antigenic dilution to be em.
ployed in immunodiffusion, the pool was ini-
tially tested against a positive control serum
for paracoccidioidomycosis at 3 twofold-dilu-
tions (Table 2). The selected dilution was 1:2.

To evaluate the specific antibody produc-
tion of the mice, the sera were tested both

aqualitatively and quantitatively at twofold-di-
lutions

RESULTS

INDIRECT IMMUNOFLUORESCENCE — Table
3 shows the titers of the 20 positive standard
sera tested against the P. brasiliensis isolates.
They showed similar antigenicity, except for
Pb 265 and Pb 9, which yielded significantly
higher titers when Kruskal-Wallis analysis of
variance was applied to the data (H = 29.47;
p < 0.08)5 The 20 negative standard sera
showed no titer in any of the antigenic subs-
trates tested.

TABLE 3
Diistribution of 20 sera from patients with paracoccidicido-
mycosis according to their titers in the indirect jmmunotlores-
cence test (II), using 8 P. brasiliensis isolates as antigenic
substrates '

Titers* in JI

P, brasiliensis N.eof Median

isolate 32 64 128 256 512 1024 2048 sera

Pb 18 1 3 10 4 2 - - 20 128
Pb 182 1 - B8 8 2 - — 20 256
Pp 265 - — 4 T 8 1 - 20 256*
Bt 1 - 2 2 & 1 - — 20 128
Bt 2 — 2 9 8 1 - - 20 128
Bt 3 - 3 12 3 1 - 1 20 128
Ph 9 - 1 6 6 7 - - 20 256+
Pb T3 — 1 g 8 3 - - 20 256

* Titers expressed as the highest serum dilution recipro-
cal giving positive resuls,
*> Titers significantly higher (H = 2047 p < 0405

DOUBLE IMMUNOLDIFFUSION ON AGAR GEL
— Table 4 shows the titers of the positive stan-
dard sera obtained with the antigens of each
F. brasiliensis isolates. They showed similar
antigenicity, except for Pb 192 and Pb 73 which
yielded significantly higher titers than Pb 265,
Bt 1, Bt 2 and Bt 3, when the data were analyz

" ed by Kruskal Wallis analysis of variance (H =

55.37; p < 0.001). The negative standard se
ra showed no titers in any of the antigens
tested.

MOUSE IMMUNIZATION WITH P. brasiliensis
— The indices of the footpad test for the eva-
luation of the immune cell response of mice
immunized with antigen from each sample of
P, brasiliensis are shown in Table 5, The beha-
vior of the variation of mean indices expresses
the difference among the samples studied,
which was tested by Gaussian analysis of wva
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TABLE 4
Distribution of 20 sera from patients with paracoccidicido-
mycosis according Lo their titers in the immunodiffusion
test (ID), using 8 P, brasiliensis isolates soluble antigens

Titers* in ID

P. brasili N=
sis Neg Undi- of Moedign

isolate luted 2 4 8 16 32 64 128 256 sera
Pb 18 T 2 242 300 O 0 2 2
Ph 192 0 0 064 1 50 2 2 20 8-16**
Ph 265 10 4 310 0 0 2 0 0 20 NegUnd
Bt 1 8 6 210 2 0 1 0 0§ % Undiluted
Bt 2 6 0 101 0 2 90 0 0 20 Neg
Bt 3 13 2 214 0 3 ¢ 0 0 20 Neg
Pb 9 3 3 263 0 21 & 0 20 4
Pb 73 4 g ¢22 3 41 2 2 2% 16+

Titers expressed as the highest serum dilution recipro-
¢al piving positive result, .

Titers significantly higher that Pb 265, Bt 1, Bt 2 and
Bt 3 ({H = 5537, p < 0.001).

x

nized animals, respectively. Only Pb 18 showed
significantly higher titers than the other sam-
ples 5,

DISCUSSION

In the present study, the antigenicity of 8
P. brasiliensis igolates from three different en-
demic areas was assessed 'by two serological
tests against a panel of 20 positive sera for
paracoccidicidomycosis. Pb 265 (Sao Paulo}
and Pb 9 (Venezuelza) were qu'e antigenic in
the indirect immunofluorescence test, and Ph
192 (Sdo0 Paulo) and Pb 73 (Venezuela) were
more antigenic in double immunodiffusion test
on agar gel. These data demonstrate differ-
ences in antigenicity among the isolates tested,

TABLE S5
Footpad test indices of mice immunized with each of 8 P. brasiliensis isolates

Mean
Ne *

P. brasiliensis Footpad test indices of Standard
jsolate sera Deviation
Pb 18 30 2.5 1.8 1.7 1.5 1.5 1.4 1.2 10 0.5 10 1.6+0.5**
Pp 192 1.8 39 36 34 3.0 2.6 1.8 1.5 1.3 1.3 10 2.7x12
Pb 265 4.4 3.0 30 3.0 2.9 1.3 1.4 12 1.0 ND* b 23x1.0
Bt 1 3 3.2 30 3.0 3.0 2.7 2.1 2.0 139 1.6 i0 2.6+0.6
Bt 2 4.3 49 38 3.1 3.0 2.9 23 2.7 2.5 24 10 3.1+07
Bt 3 4.1 39 3.7 3.1 3.0 28 2.8 23 20 14 10 29+0.8
b 3 3.4 34 2.6 2.2 2.2 21 2.0 15 1.1 1.1 10 2.1+0.8
Pb 13 3.6 36 30 3.0 2.6 1.9 1.7 18 14 1.3 10 23xb8

* NP — not done

** Indices significantly lower then Bt 2 and Bt 3 (p < 0.05)

riance’. All of the animals immunized with TABLE §

the different samples showed positive cell im-
mune response, with indices varying from 0.5
to 4.8. Indices from Pb 18 were lower than
all other isclates, being significantly different
from those of Bt 2 and Bt 3 (p < 0.05). The
indices of the other isolates did not differ
amongst themselves; the highest indices were
given by Pb 192, Bt 1, Bt 2 and Bt 3.

Table 6 shows the anti P, brasiliensis anti-
body titers detected by immunodiffusion in
the sera of immunized mice. ‘The animals
immunized with Pb 265, Bt 1, Bt 3 and Pb 9
did not develop specific antibodies. Pb 192,
Pb 13, Bt 2 and Pb 18 induced a humoral res

ponse in 30%, 30%, 50% and 80% of the immu.
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Distribution of sera from mice immunisiaed with antigen «f
8 P. brasiliensis isolates according (o ;their titers in the
immunodiffusion test (1D}

Titers* in ID

P, brasiMensis N.eopf Median
isolated Neg Undiluted 2 4 8 15 sers
Pb 18 g 2 3 1 27— 1w 2w
Ph 192 7 3 ~ — —— 16 Neg
Pb 265 10 — — — — .-— 10 Neg
Bi 1 10 _— —_ — — — 1t Neg
Bt 2 5 4 I — — — ) Neg-Ung
Bt 3 10 — — — — ' =— W Neg
Pb 9 10 —~ — — e 10 Neg
Pb T2 & 1 —_ = — 2 9 Neg

* Titers expressed as Lhe highest serum dilution
giving positive result.
** Titers significantly higher.

reciproeal

the serological test used. 'The. three isolates
from Bofucatu gave similar results,
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Recent studies using serological, immuno-
electrophoretic and biochemical techniques
have demonstrated important antigenic differ-
ences between strains 192 and 265 of P, brasi-
Hensis 15 and differences in the biochemical
constitution of the cell wall between strains
9 and 73 4. These data agree with our results,
which characterize further these samples of P.
brasiliensis as characterize further these sam-
ples of P. brasiliensis as real strains. RESTRE-
PO 12 tested, In the double immunodifiusion
test, soluble antigens prepared from the two
morphological phases of 6 strains of P. brasi-
liensis against panel of 8 positive sera from
patients with paracoceidioidomycosis. Most of
the strains produced a common antigen, but
reactions of parcial identity and of nonidentity
weTe recorded for two strains. This tends to
indicate that individual isolates, when grow in
vitro, vary in the production of antigens, as
also revealed in the present study.

Using a methodology similar to ours, POU-
LAIN et al'l demonstrated that not all strains
of Candida albicans show the same reactivity
in the indirect fluorescent test against sera
from patients with candidosis. These authors
also showed that strains freshly isolated from
patients give much sironger reactions than
those subcultured for a long time in the la-
boratory. This finding was not confirmed by
the present study, since the three Botucatu
samples, which were the most recently isolated
ones, did not show greater reactivity in either
serological test used.

The hmmune response inducing capacity of
the 8 P. brasiliensis isolates was assessed by
immunizing groups of mice with particulate an
tigens. With the exception of Pb 18, all isola-
tes induced similar cellular and humoral anti-
P. brasiliensis immune response. This study
revealed data.of great interest. Pb 18 showed
weak cell immune response-inducing power and
great capacity of evoking anti-P. brasiliensis
antibody production in the immunized animals.
Since the host conditions were constant. this
result demonstrates that the fungus itseif may
be the responsible for the dissociation between

the humoral and cellular immune response in-
duced in the animsl. This might be one expla-
nation for the frequent detection of patients
with paracoecidioidomycosis whose anti-P. bra-

siliensis cell immune response is depressed
and whose humoral response is maintained or
even exacerbated 18,

Together with PB 192, the three Botucatu
isolates yielded the highest indices of cellular
immune response in the mice, maybe indicat-
ing that for this immunologic parameter the
shorter the time of isclation the stronger the
immune response inducing capacity of the
sample,

When data from the antigenicity study
were compared with those from the immuno-
genicity experiment, it was observed a positive
correlation between the high reactivity of Pb
192 and Pb 73 in the immunodiffusion test and
their good humoral response inducing capacity
in mice, as determined by the same serological
technique. This data shows the presence of
P. brasiliensis components that are both capa-
ble of antigenic speecificity and of immunoge-
nicity.

On the whole, data from the present study
showed differences in the antigenic composi-
tion and in the immunogenicity between P. bra-
siliensis isolates. These differences may indi
cate the occurrence of strains of the fungus
or may reflect adaptation of the same parasite
in different hosts or even alleration or mu-
tation of the parasite during culturing and
mantainance *“in vitro”, as been showed to Can-
dida albicans !,

Further studies should be done to clarify
these guestions.

RESUMO

Estudo comparative da imuno-antigenicidade
de 8 amostras de Paracoccidioides brasiliensis

Para se detectar diferencas imuno-antigé-
nicas entre 8 amostras de P. brasiliensis isola-
das de diferentes areas endémicas (Botucatu:
Pb 1, 2 e 3; Sao Paulo: Ph: 18, 192 e 265; Ve
nezuela: Pb 9 e 73), esutdaram-se: 1. A reativi
dade antigénica de cada amostra nas reacles
de imunofluorescéncia indireta (II}) e de imu
nodifusdo dupla em gel de dgar (ID) contra
painel de 20 soros controles positivos para pa
racoccidioidomicose; 2. A capacidade de indu
zir resposta imune humoral {(medida por imuno-
difusio) e celular (medida pelo teste de coxim
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noantigenicity of elght Paracoccidioides brasiliensis isolates.

plantar} em camundongos imunizados com an-
tigencs de cada amostra. Observamos: 1, As
amostras Pb 265 e Pb 9 mostraram-se mais rea-
tivas na II; 2. Os antigenos das amostras Pb
192 e Pb 73 foram significativamente mais rea-
tivas na ID; 3. Estes dades demonstram dife-
rengas de antigenicidade entre estas amostras;
4. A amostra Pb 18 mostrou baixo poder in-
dutor de resposta imune celular e alta capaci-
dade de inducio de resposta imune humo-
ral em camundongos imunizados, revelando dis-
soclagido de sua imunogenicidade.

Estas diferencas podem indicar a existén.
cia de cepas distintas do fungo ou refietir mo-
dificacGes do parasita no hospedeiro ou du
rante seu cultivo.
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