Rev. Inst. Med. trop. Sdo Paulo
23(4):155-160, julho-agosto, 1981
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IN MICE WITH UNISEXUAL SCHISTOSOMA MANSONI INFECTION (*)
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SUMMARY

Circulating antigens, antibodies and glomerular deposits of immune complexes
were investigated in mice infected with unisexual Schistosoma mansoni. Circulating
antigens were detected by the ELISA double-antibody technique in 35% of infect-
ed mice after 3 weeks, in 54% after 8 weeks and in 71% after 24 weeks of infection.
Antibody titers against worm antigens, as detected by indirect immunofluorescence,
raised steadily after the third week reaching the highest levels (IgG) after 24 weeks
of infection. Glomerular deposits of antibody (IgG and IgM), complement and schis-
tosome antigen were investigated by direct immunofluorescence in frozen kidney
sections. After 3 weeks, 55% of infected mice had immune complexes. Proportions
of mice with immune complexes after 8 and 24 weeks of infection were 82% and
86% respectively. Unisexual infection excludes schistosome eggs and egg-derived
substances as sources of antigens. Therefore, the positive results herein reported
show that antigens specifically originated from S. mansoni worms can be frequen-
tly found as immune complexes in kidneys from infected animals. The role played
by such antigens on the appearance of glomerular lesions in still unclear.

INTRODUCTION

UDC 616.995.122

Present knowledge on circulating anti-
bodies 20,25,28,27,  antigens 20,24,27,29.30,  jmmune
complexes 10,11,32,33,34,35 and on the deposition of
immune complexes in the kidney 3.4,21,2831,38, in
schistosomiasis, derives mainly from studies of
human infections 2.13,26,38 and of experimental
bisexual infections of rodents 46,7159 and pri-
mates 1222, Although these reports strongly sug-
gest the participation of immune complexes in
the pathogenesis of renal lesions, a correlation
with worm burden, circulating antigens and
antibodies as well as with the time course of
the infection is still controversial. Also debata-
kle is the participation of worm or egg-derived
antigens in the pathogenesis of schistosomiasis.

The demonstration that antibodies eluted
from immune complexes located at human
kidneys react with worm gut and tegument 21,28
has led to the assumption that worm antigens
constitute an important part of glomerular de-
posits. Unisexual schistosome infections of mice-
may constitute a suitable model to study im-
munological aspects of schistosomiasis unrelat-
ed to the presence of parasite eggs!. Such in-
fections have been used to investigate the in-
duction of resistance to challenge infection by,
the adult wormSs. ’

‘Unisexual S. mansoni infections of mice (2.5
months of age) did not produce significant le-
sions in the glomeruli (NATALI & CIOLI3).
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FERREIRA et al.® showed the presence of cir-
culating worm antigens also in unisexual infec-
tions. To further investigate the immunopatho-
logical role of these antigens in glomerular le-
sions, unisexual infections were produced in
mice and studied at different stages of the di-
sease.

MATERIALS AND METHODS

Mice: duplicate experiments were perform-
ed using in each 60 female albino mice, 4 weeks
old. These mice were divided in three groups
of 20, to be sacrificed 3 weeks, 8 weeks and 24
weeks after infection. On each group, 15 were
infected and 5 maintained as controls.

Infections: snails of Biomphalaria glabrata
were infected in the laboratory with a single mi-
racidium of S. mansoni, and 100 cercariae,
obtained from one of these snails were inject-
ed percutaneously in each mouse. Controls
were injected with saline.

Sera: mice were bled from the retro-orbital
plexus and sera were separated by centrifuga-
tion and stored at -70C.

Worm recovery: after ether anesthesia, mice
were submitted to liver perfusion !’ and the re-
covered worms were counted and identified as
to their sex.

Preparation of specimens: 1. Histology:
pieces of liver, lung and kidney obtained from
mice were fixed in 10% formaldehyde (v/v) and
embedded in paraffin. After standard procedu-
re, they were stainded with Hematoxylin and
Eosin and examined under light microscopy.

2. Immunofluorescence: half of each kidney
was wrapped in aluminum foil, labeled and
frozen in liquid nitrogen. Cryostat sections,
4p thick, were laid on microscopical slides and
used for immunofluorescence reactions. The sa-
me procedure was employed with livers from
bisexually infected mice used for detecting cir-

culating antibodies 4. Sections of whole worms.

were prepared according to WILSON et al. %,

Serological tests: 1. Circulating antibodies:
these were titrated by indirect immunofluoresc-
ence against frozen liver sections of bisexually
infected mice or whole adult worms as describ-
ed by KANAMURA et al.%. Fluorescein-conju-
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gated rabbit anti-mouse IgM and IgG were ob-
tained from Meloy Labs (*). Reactions were
read with a Zeiss microscope equipped with an
OSRAM HBO-200W mercury lamp.

2. Girculating antigens: the total protein
containing worm antigen was prepared from
homogenates of fresh adult worms . Soluble
(“metabolic”) worm antigen was obtained from
the supernatant of suspensions of living worms
incubated in saline at 37°C for 2 hours? Both
were used as standards in the ELISA double
antibody technique for detection of circulating
antigens as described by FERREIRA et al. s,

3. Glomerular deposits: the presence of an-
tigen, antibody and complement in the kidney
sections was investigated by direct immunofluo-
rescence. Fluorescein-conjugated rabbit anti-
mouse C’; was obtained from Cappel Labs (**).
Fluorescein-conjugated goat anti-S. mansoni hy-
perimmune serum was prepared as described
elsewhere 21, )

RESULTS

Worm burden, as measured by liver perfu-
sion in 66 mice, ranged from 1 to 53 worms per
animal. In all cases, the infection was exclusive-
ly unisexual, either male or female. No worms
were found in 15 mice, probably due to a fai-
lure in recognising schistosomula; however,
antibodies to S. mansoni were detected in their
sera, in contrast to the controls which were
completely negative.

No eggs were found in histologic examina-
tion of liver tissue, even after 24 weeks of in-
fection, thus confirming the unisexual infec-
tion. In some liver specimens, mild inflamma-
tion and schistosomotic pigment in Kupfer cells
were observed. Lung specimens were normal.
Some kidney showed mild mesangial prolifera-
tion but no relationship to worm burden was
established.

Figure 1 shows the mean geometric titers
of IgG and IgM antibodies to S. mansoni at
different stages of infection. Serum antibodies
were detected in all infected mice and were ne-
gative in the controls.

(*) Meloy Laboratories Inc., Biological Products Division,
Springfield, Virginia, U.S.A.
(**) Cappel Laboratories Inc., Downington, U.S.A.
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The overall estimation of worm bound and
soluble antigens, and glomerular deposits con-
taining antibody, antigen and complement is
presgﬁted in Table I. Positivity for glomerular
immune complexes was considered only when
all three components were present. It was ob-
served that 3 weeks after infection 65% (13/20)
of the animals had no worm antigen either in
the serum or in the kidney glomeruli, whereas
2 and 6 months after infection these antigens
were found in almost all animals. No circulat-
ing antigens were detected in the serum .sam-
ples from 20 normal mice, not included in the
Table. ) :

DISCUSSION

Serum .immunological abnormalities 16,719,
1318 and renal involvement512.21,38 after experi-
mental S. mansoni infections are well establish-
ed. Some controversy remains, however, con-
cerning the source of antigens, whether from
€ggs or worms, which participate in the forma-
tion and deposition of immune complexes in
glomeruli in schistosomiasis 3. As for the egg-
derived antigens, no direct participation could
be determined by using a soluble egg antigen
(SEA)S. It has been conjectured® that eggs
could only indirectly enharice the deposition of
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TABLE 1

Circulating antigens and glomerular immune complexes in mice harbouring unisexual S. mansoni infections
" Time of Circulating antigens Glomerular immune complexes *
infection Number of Number of Number of Number of
mice studied positives % mice studied positives U
3 weeks 20 ki 35 31 17 55
8 weeks 26 14 54 28 23 82
6 months 17 12 1 22 19 86

*

immune complexes in the kidney after the de-
velopment of liver granulomas, and a concomi-
tant bypass of such antigens and complexes
through portal collaterals into the general cir-
culation. The participation of worm antigens,
if any, could be determined through unisexual
infections, in the absence of worm’s eggs. It
has been argued, however, that in unisexual
infections the levels of circulating antigens and
antibodies are lower than in bisexual infec-
tions, 6 months being needed for antibody levels
to become comparable to those reached in bi-
sexual infections after 2 months 1.8,

Our results show otherwise: unisexual schis-
tosome infections of mice can induce an early
production of antibodies against S. mansoni,
with increasing titers along the infection. Diffi-
culties in detecting worm antigens in the sera
or in kidney immune complex deposits have
been reported 1622 and could be due to the test
antisera used. An antiserum anti-S. mansoni,
which previously revealed parasite antigens in
the sera of mice with bisexual infections ! and
the renal lesions of human schistosomiasis 2,
enabled us to demonstrate both circulating
worm antigens and glomerular immune com-
plexes bearing the schistosome antigen in mice
with unisexual infections of S. mansoni. In
effect, some mice showed circulating worm an-
tigens by the third week of infection and most
of them were positive after 6 months. Glome-
rular deposits were detected in half of the in-
fected mice after 3 weeks and in almost all of
them after 6 months. These findings demons-
trate that the worm is a powerful source of an-
tigens which might participate in immune com-
plex formation. Furthermore, the presence of
worm antigens in mouse sera after 3 weeks of
infection suggests that young schistosomula
may also be a source of antigens.
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Containing antibody + complement 4 S. mansoni antigen.

Circulating antigens and antibodies, and re-
nal immune complexes increased proportional-
ly during the course of infection. No correla-
tion, however, was found between the worm
burden and the serological or renal findings.
Technical failure in recognising schistosomula,
variability of individual host responses or
differences between strains of S. mansoni could
explain such discrepancy, which is also obtain-
ed in bisexual infections. The more frequent
detection of parasite antigens in the kidney
rather than in the respective serum could be
due to the lower sensitivity of the ELISA test
as compared to the direct immunofluorescence
employed for detecting kidney deposits. The pos-
sibility of modulation of antigen release by
worms in the course of infection cannot be rul-
ed out.

The present results may have implication
on the mechanisms of protective immunity in
mice. It has been established that in mice there
is a delay in the schistosomula migration on
the third week of infection, mediated by an
IgG, antibody %. By this time, however, no pro-
tective immunity has yet developed. Mice will
become partially protected against reinfection
only after the seventh week ¥. Our findings show
that the formation of immune complexes, with
possible  immunopathological consequences
occurs before immune protection. This implyes
therefore that, considering the apparent risks
involved, vaccination procedures using worm-
derived antigens should be done with great care.

RESUMO

Antigenos e anticorpos circulantes e imuno-com-
plexos glomerulares em camundongos com in-
feccao unissexual por Schistosoma mansoni
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Com o fim de investigar antigenos circulan-
tes, anticorpos séricos ¢ depdsitos glomerulares
de imunocomplexos, camundongos foram sub-
metidos a infeccbes unissexuadas por Schisto-
soma mansoni e sacrificados apéds 3, 8 e 24 se-
manas. Antigenos circulantes foram pesquisa-
dos pelo método ELISA de duplo anticorpo e
encontrados no soro de 35% dos camundongos
infectados apds 3 semanas, em 54% apds 8 se-
manas e em 71% apds 24 semanas de infeccdo.
Os titulos de anticorpos contra antigenos de
verme, medidos por imunofluorescéncia indire-
ta, aumentaram progressivamente desde a ter-
ceira semana, os mais altos sendo da classe
IgG e detectados apds 24 semanas de infeccho.
Depdsitos glomerulares contendo anticorpos, tan-
to IgG como IgM, complemento e antigeno de
verme foram pesquisados por imunofluorescén-
cia direta em cortes nio fixados de rim. Apés
3 semanas, 55% dos camundongos infectados
apresentavam imuno-complexos, 0 mesmo 0cor-
rendo com 82% apds 8 semanas; com 24 sema-
nas de infecgio, esses depdsitos foram encon-
trados em 86% deles.

A infecc8o unissexuada exclui os ovos e as
substéncias deles derivadas como fonte de anti-
genos. Portanto, os resultados aqui relatados
mostram que antigenos oriundos dos vermes
séo frequentemente encontrados no rim de ani-
mais infectados. O papel desses antigenos no de-
sencadeamento de lesdes glomerulares nio pode
ser completamente definido.
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