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EXPERIMENTAL MURINE SCHISTOSOMIASIS MANSONI: ESTABLISHMENT OF
THE CHRONIC PHASE OF THE DISEASE
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After the acute hyperergic phase of schistosomal infection, the chronic phase of the disease
corresponds to the establishment of a relative equilibrium between the host and the parasite.
This involves: (1) A shift from the predominance of the TH2 response observed in the acute
phase, to the predominance of the THI response in the chronic phase of the disease, with
modification of lymphokine and imunoglobulin secretions patterns. (2) Redistribution of hosts
responses fo parasite, with predominance of systemic controls in the acute phase, and a shifi
towards local tissue responses in the chronic phase. This redistribution relieves the hyperergic
response ihvolving the whole body of the host, and delimils cellular and molecular reactions fo
parasites to only those tissues that are directly involved by the adult parasites and their eggs.
Mobilization of eosinophil granulocytes in schistosomal periovular granulomas is one of ex-

amples of this redistribution.
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Schistosomiasis, as well as the large ma-
jority of parasitic infections, results in the
establishment of a chronic disease: after the
insidious and frequently unrecognized primary
infection, the disease evolves into the long-
standing chronic phase, where a relatively vi-
able equilibrium 1s established between the host
and the parasite. Even in regions hyperendemic
for schistosomiasts, a major part of infected
inhabitants have a subclinic or a mild hepato-
intestinal form of the disease. The establish-
ment of this viable equilibrium mmvolves a
complex regulation of host responses to para-
sites. These regulations were the object of
our studies, in the murine model of schistoso-
M1asis.

The primary schistosomal infection passes
through three distinct, relatively short phases,
that correspond to the passage of schistoso-
mules through the skin, the lungs, and their
establishment 1h the mesenteric venous sys-
tem. In all these phases, a number. of imma-
ture worms die and disintegrate in the host’s
body, releasing antigenic substances, and caus-
ing mobilization of cells of the monomacro-
phagic lineage as well as the early lymphocyte
response. However, only the beginning of
oviposition, with the massive release of egg
antigens, marks the full development of the
acute phase of the disease.

Schistosome eggs, trapped in host tissues,
induce formation of granulomas, that have been
shown to be T-lymphocyte-mediated reactions
of the delayed hypersensitivity type to the
potent schistosome egg soluble antigens (Boros
& Warren, 1970). Mature schistosome worms
do not replicate, but they are long-lived and
the egg deposition 1s continuous along all the
infection period. Despite this uninterrupted
antigenic stimulation, a down regulation of the
granulomatous response 1s observed in chronic
schistosomiasts. It was orniginally described as
“endogenous desensitization” (Domingo &
Warren, 1968). The size of granulomas de-
creases, In consequence of the down-regula-
tion of lymphocyte and eosinophil mobiliza-
tion (Moore et al.,, 1977). This 1s in agreement
with the observed reduction of T-lymphocyte
reactivity and secretion of major lymphokines
(Colley, 1975). Transfer experiments have
shown that this downregulation was mediated
by CD8+ cells, and this experimental model
has been consequently considered as a typical

example of the T-mediated-T-suppression
(Mathew & Boros, 1986). This downregulation

of granulomas is considered to be a hallmark
of the establishment of the chronic phase of
schistosomiasis.

Notwithstanding this downregulation of gra-
nulomatous response to eggs, several host re-
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actions to the parasite are enhanced in the
chronic phase of the disease. Egg-antigens se-
questration in granulomas s more efficient
(Lichtenberg, 1964). This correlates well with
the general increase of macrophagic functions:
their differentiation into polykarions is accel-
erated (Borojevic et al., 1984), their prolifera-
tion in granulomas 1s enhanced, and they are
induced to secrete monokines that were unde-
tectable in the acute phase (Clark et al., 1988;
Borojevic et al., 1989; El-Cheikh et al., 1991a).
Simultaneously, the fibrotic reaction in granu-
lomas 1s accelerated, with modification and
increase of collagen deposition (Grimaud et
al., 1987; Silva et al., 1989), indicating in-
creased stimulation of connective tissue cells.
The progressive splenomegaly with high lev-
els of antibody secretion indicates also the
increased B-cell help and induction of termi-
nal differentiation of this cell line. These ob-
servations indicate that, besides the downre-
gulation of T-cell functions, a complex modi-
fication of interactions among different cells
involved 1n host reaction to parasite are to be
observed along the evolution of the acute to
the chronic phase of the disease.

Mossman & Coffman (1989) have proposed
an alternative model for modulation of im-
mune responses in infectious diseases, based
upon the equilibrium between the two subsets
of T helper cells; TH1 and TH2 cells. This
model has given a satisfactory explanation for
“horizontal” spectra of immune responses and
of morbidity, observed in inbred mouse strains
in various infectious diseases, and for the fun-
damental differences between immune re-
sponses elicited by different infectious agents.
Recent research on schistosomiasis have shown
that the acute phase of schistosomiasis is largely
dominated by the activation of TH2 lympho-
cyte subsets. Activation of TH2 cells is depen-
dent upon oviposition and T-cell stimulation
with soluble egg antigens. A simultaneous
active downregulation of TH1 subsets 1s ob-
served (Pearce et al,, 1991), This 1s consistent
with high eosinophilia and high levels of IgE,
dependent upon IL-5 and IL-4 respectively,
that are characteristic of the acute.schistoso-
ma] infection.

Considering the decrease of IL-2 secretion
In periovular granulomas in the chronic phase
of the disease, Stavitsky (1987) has tempted to
adapt the model of two T-helper subsets to the
modulation of immune response in schistoso-
miasis japonica. He has postulated that, during
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the schistosomal infection, functions of THI
subset are progressively diminished whereas
those of TH2 subset are maintained or in-
creased. Although this hypothesis may explain
the IL-2 decrease, it i1s not consistent with
decrease of both eosinophilia and IgE levels in
chronic schistosomasis.

There are at present no cell markers avail-
able to distinguish in tissues TH1 and TH2
subsets, and their equilibrium may be only
estimated indirectly, through determination of
their specific secretory activity. This approach
Is hempered by the difficulty to monitor spe-
cific lymphokine activity in biological fluids,
where we measure not only the sum of the
secretory activities of various cell populations,
but also the simultaneous clearing efficiency
or inactivation of a specific lymphokine activ-
ity as e.g. the inactivation of IL-2 by shedding
of IL-2 receptor molecules from activated lym-
phocytes. On the other hand, each TH subset
differentially and effectively increases the fre-
quency of immunoglobulin isotype switching,
so that the ratio between isotypes may be in-
dicative of the predominance of one or the
other subset. Quantification of the immuno-
globulin 1sotypes present in sera is submitted
to the same restrictions as lymphokine quanti-
fication. Alternatively, B-cells, effectively en-
gaged 1n secretion of each immunoglobulin
1sotype, may be quantified in tissues. This 1n-
formation may give quite an accurate idea of
the frequency in local Ig-isotype switch.

In recent research (E1-Cheikh et al., 1991b),
we have monitored proliferation (cell size es-
timation, detection of cellular DNA content,
thymidine incorporation) and antibody isotype
secretion (protein-A 1sotype-specific plaque
forming cell assay-PFC) for lymphocyte popu-
lations determined by immunofluorescence and
flow cytometry. We have observed a sustained
blastogenic response of both B- and T-cells.
Similar to polyclonal and non-specific responses
In several parasitic diseases, a sustained and
elevated production of IgM was observed
throughout the infection: both in spleen and
granulomas, the IgM specific PFC were by far
the most numerous ones. The ratio among IgM
secreting cells and the sum of all other Ig
1sotype secreting cells was remarkably con-
stant: 1t varied from 6.0 to 6.7 in spleens of
mice with acute, chronic and late chronic
phases of the disease, and from 5.8 to 7.5 in
hepatic periovular granulomas,
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The follow-up of 1sotype specific PFC in
spleens of schistosome-infected mice along the
evolution of the disease has shown divergent
patterns for IgM and [gG2a that increased, and
IgGl and IgE that decreased. Consequently,
the ratio IgGG2a/IgGl increased from 3.7 1n
normal mice, and 5.9 in mice with acute schis-
tosomal infection, to 21.8 and 11.2 n its chronic
and late chronic phases, respectively. A high
IgG2a/IgG1 ratio is characteristic of immune
reactions where the TH1 subsets predominate,
as viral infections (Coutelier et al., 1987). We
may conclude that the evolution of the acute
to the chronic phase of schistosomiasts corre-
sponds to the shift from the TH2 predomi-
nance 1n acute to the TH1 predominance in
the chronic phase. This 1s also consistent with
enhanced macrophage functions that are in
general associated with TH1 activation,

The increase of CD8+ cells, both in the
spleen and 1n granulomas, observed in chronic
schistosomiasis, i1s also similar to viral infec-
tions (El-Cheikh et al., 1991b). CD8+ cells
have a lymphokine secretion pattern similar to
THI1 cells., Since TH1 and TH2 cells can
manifest a mutual downregulation, the ability
of the transferred CD8+ cells to induce a
chronic-like granulomatous reaction 1n mice
with acute infection may be consistent with
the proposed model.

Pearce et al. (1991) and Grzych et al. (1991)
have shown that the TH2 response in acute
schistosomiasis 1s consequent to lymphocyte
stimulation by egg antigens, while the THI
response is dependent upon stimulation with
schistosomule or worm antigens. This i1s con-
sistent with the generally accepted notion that
the type of antigens and the pattern of their
presentation to the immune system determine
the dominance of TH subsets. However, the
shift from TH2 to TH1 dominance in chronic
schistosomiasis 1s not controlled by these
mechanisms, since schistosome eggs are con-
tinuously deposited from the very beginning
of the acute phase of the disease. In this con-
text, the effect of increased numbers of CD8+
cells, observed in chronic schistosomiasis, upon

the TH1/TH2 equilibrium, remains to be es-
tablished.

In parallel to the shift from the TH2 to the
TH1 dominance 1n chronic schistosomiasts, we
have disclosed the simultaneous complemen-
tary phenomenon of redistribution of host’s
reactions to parasites. The acute hyperergic

phase of infection is essentially systemic. It
involves whole the body, with high circulating
cytokines levels and hyperergic reaction in the
bone marrow and spleen. The bone marrow
eosinophilia reaches very high levels: more
than 50% of the meduliar cell population may
be involved in production of eosinophils. All
the eosmophils are readily mobilized towards
the tissues involved by parasites, and only
immature eosinophils may be observed in the
blood circulation at this stage (El-Cheikh &
Borojevic, 1990). 1t has been shown that
this eosinophilia i1s controlled by the JIL-
5, since the neutralization in vivo by mono-
clonal antibodies abolishes completely the

eosinophtl response to the helminth (Coffman
et al., 1989).

We have shown that in chronic, but not in
acute schistosoimasis, extramedullar eosinophi-
lopoiesis may be observed in tissue inflamma-
tory infiltrates and in granulomas (E]-Cheikh
et al.,, 1991a). This peripheral amplification of
eosinophils 1s mediated by a cytokine, differ-
ent from IL-5, IL-3 or GM-CSF, the secretion
of which 1s induced in macrophages in the
chronic phase of the disease. At this period,
the medullar production of eosinophils is
supplemented or taken over by local, periph-
eral proliferation, involving only those tissue
where the host interacts with the parasite, and
where the control of cell proliferation and
activation acts in the paracrine manner. Con-
sequently, the bone marrow is relieved and
medullar eosinophilia drops to less than 10%.
Presence of mature eosinophils in blood circu-
lation shows that the equilibrium is established
between the production and mobilization of
eosinophils into tissues. This viable equilib-
rium may be maintained for long periods of
infection.

Similar redistribution may be observed for
other cell lines. We have monitored in vitro
myeloid precursors (GM-CFU) from bone
marrow, spleen and granulomas, by soft-agar
cultures stimulated with GM-CSF. While my-
cloid precursor numbers were fairly constant
in the bone marrow, their number 1n the spleen
and granulomas increased constantly from the
acute to the chronic phase of the disease. Fi-
nally, we have observed a considerable
plasmacytogenesis in the mesenterium of
chrontically-infected mice, producing locally
antibody-secreting cells into the abdominal
cavity.
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Schistosomiasis 1s essentially an abdomi-
nal disease, with direct involvement of mesen-
teric and portal venous systems and adjacent
tissues. Whtle the acute phase involves whole
the body, the establishment of the chronic phase
of the disease corresponds to an attempt of the
host to delimit the reaction only to sites inhab-
ited by parasites or involved by their eggs.
Downregulation of systemic responses, induc-
tion of local macrophagic activity, and the
passage from systemic to paracrine controls,
act 1n the same sense: they result in the estab-
lishment of a viable equilibrium, characteristic
of the chronic phase of this disease.
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