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The hypothesis that granuloma modulation and disease abatement in chronic infection with
Schistosoma japonicum could be ascribed to antibody-mediated effects on egg maturation and egg
viability, arose from studies performed with mice in the Philippines. This novel hvpothesis has not yvet
been integrated into the schistosomiasis literature despite being formulated more than a decade ago.
One reason for this is that the phenomenon might be confined to S. japonicum, even S. japonicum

(Philippines).

Key words: schistosomiasis japonica - granuloma modulation - COP test - egg antigens - egg embryonation -
egg viability

Chronic schistosomiasis mansoni and chronic
schistosomiasis japonica are immunopathologic
diseases that develop following T ccil-dependent
Immune responscs to anitigens produced by eggs
entrapped in organs and tissues, principally the
liver and intestinal wall. Manifestations of chronic
disease result from obstructive granuloma forma-
tion and fibrosis with consequent impedance of
blood flow through the liver (Warren 1982). Sup-
posed differences between the inductive events of
granuloma formation between Schistosoma
mansoni and S. japonicum that have been high-
lighted in the past are now de-emphasized. How-
ever, there may well be very significant differences
in mechanisms of granuloma modulation (see be-
low) between S.mansoni and S. japonicum 1nfec-
tions and even between the different “geographi-
cal” 8. japonicum infections - €g S. japonicum
(Philippines) versus S. japonicum (Chinese). In a
previous publication (Miichell et al. 1991) we have
emphasized the features of S. japonicum (Philip-
pines) infecitons that appear to differentiate this
parasite from other schistosomes causing hepato-
intestinal schistosomiasis (Table, scc also Cheever
1987).

A significant advance in the understanding of
the immunotogy of disease in schistosome infec-
tions came with the observation that granuloma
formation in chronically-infected hosts was modu-
lated; the intensity of granulomatous hypersensi-
tivity and its consequences were decreased 1n
chronic infections (Andrade & Warrcn 1964,
Domingo & Warren 1968). This phenomenon, re-
ferred to initially as “endogenous desensitization™,
has sparked considerable research activity and
speculation on the grounds that it opens up a pos-

TABLE

Schistosoma japoricum (Philippines): parasite and
murine infection characteristics

1. High infectivity of cercariae (>50% infectivity
the norm)
2. Highly pathogenic parasite (mice usually ex-

posed to no more than 20-25 cercarnae in chal-
lenge experiments)

3. Obvious lung petechiae (on day 6 of infection;
number correlates with number of adult worms
at later time point}

4. Schistosomules detected rarely in lung tissue
(rapid transit through lungs)
5. No demeonstration of homologous or heterolo-

gous protection against infection with S. ja-
ponicum (Philippines) using irradiated cercanae

6. Early appcarance of many young worms 1n hver
(- 1 week of infection)
7. Rapid maturation of worms (egg laying at 24

days; 12-14 day maturation time¢ [embryonation]
in tissues, faccal ¢ggs =35 days of infection)

8. Multiple uterine eggs and high egg produc-
tion {(eggs often found as clusters in intesti-
nal wall)

9. No hepatotoxic antigen described in eggs (c.1.
S. mansoni ¢ggs)

10. Granuloma modulation early in infection (? en-

tirely antibody-mediated)

11 Wide range of definitive (vertebrate) hosts (but
faecal egg counts often very low relative to worm
burden - ¢.g. rats).

“a highly infective, potentially highly pathogenic, rap-
idly-maturing parasite that does not linger in the lungs
and in which, during infection, anti-egg immune re-
sponses have transmission blocking as well as disease
modulating consequences”.
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sible approach to vaccination against disease. The
extent of modulation and a modulation-inducing
eftect of scrum factors (presumably antibodies) can
be dramatic in the mouse model of S. japoricum
(Philippines) infection as demonstrated by Olds
and colleagues (1982).

In the early 80°s we proposed that a key cvent
in granuloma modulation and discase abatement
In chronic infection with S. japoricum (Philip-
pines) was inhibition of maturation (i.e. inhibition
of embryonation) of the cgg, and its destruction at
the pre-miracidial stage of development. This anti-
¢gg responsc inhibits production of immunopatho-
logic antigens by the maturing egg and thereby
inhibits the formation of T ccll-dependent granu-
lomas and subsequent discase. Effector molecules
are likely to include anti-egg antibodies but the
antigenic specificitics of putative anti-cmbryo-
nation antibodies and/or cells. and the effector
mechanisms involved in destruction of maturing
€ggs. remamn unknown (Garcia & Mitchell 1982
1985, 1987, Garcia et al. 1981, 1983, 1985, 1987,
1989, 1992, Mitchell 1990. Mitchell ct al. 1984,
Tiu 1988). The essential featurcs of the anti-cmbry-
onation hypothesis and supporting data are pro-
vided below.

During the course of studics designed to op-
timize the circumoval precipitin test (COPT) for
diagnosis (Garcia et al. 1981), it was noted that
eggs harvested at > 70 days of infection in do-
nor rabbits (these cggs to be incubated with
human sera in the COPT), performed poorly in
the test. Newly laid eggs, as distinct from those
containing a miracidium, also perform poorly
in the COPT and a possible explanation of the
rapid decline in suitability of eggs harvested
from infected rabbits is that the eggs are not
embryonating because of induced embryonation-
inhibiting immune responses (Garcia & Mit-
chell 1982).

We have becn ablc to demonstrate that fewer
uterine eggs matured in the lungs after intrave-
nous mjection into egg-sensitized mice compared
with unsensitized mouse recipients in a von
Lichtenberg - type assay (Garcia et al. 1983). Us-
ing this same assay, granuloma formation in lungs
of egg-sensitized mice could be inhibited by hu-
man sera that producc large segmented precipi-
tatcs 1n the COPT (Garcia et al. 1985). Human
scra could also inhibit egg maturation in livers of
infected mice (Garcia et al. 1985). {Since antibod-
les 1n human sera could not be expected to engage
efficiently in many immune effector mechanisms
In mice, simple binding to antigen and occlusion
of pores in the egg shell may reduce metabolite
export or nutricnt uptake with subsequent matura-
tion arrest and premature death of the maturing
miracidium. |

Mice were infected with a low number of cer-
cariae during a five week course of injections of
live eggs enriched for immature eggs. When killed
at about six weeks of infection, many egg-sensi-
tized infected mice contained a much lower propor-
tion of mature cggs and a higher proportion of dead
cggs 1 livers and intestines relative to mice not
immunized with live immature eggs. Fewer granu-
lomas were present around eggs in the liver,
spienomegaly was absent and portal pressures were
normal (Garcia ct al. 1987, 1989). Thus, €L sen-
sttization around the time of infection (with small
numbcrs of cercariac and thus low resultant worm
burdens) results in reduced egg maturation, re-
duced granuloma formation and reduced disease.
Antibodics (of unknown specificity) are likely to
be the principal cffector molecules. Comprehensi-
ve reviews on these phenomena are available (Gar-
cia ct al. 1992, Mitchell et al. 1994).

The phenomenon of granuloma modulation
involving maturation arrest and carly death of CeEes
in chronically-infected vertebrate hosts may be re-
lated (o another phenomenon - that of skewed sex
rattos in schistosomiasis. Male schistosomes prc-
dominate over femalcs in many instances
(Liberatos 1987, Mitchell et al. 1990). On the basis
of some supporting evidence, we have proposed
that host immune rcsponses may preferentially
eliminate eggs containing fcmale miracidia with
the inference that anti-embryonation immune re-
sponses (7 antibodics) may be dirccted preferen-
tially to W chromosome-cncoded antigens (that,
in turn, may be major immunopathologic antigens)
(Mitchell et al. 1990, 1991). Moreover, exposure
to malc-only cercariac in endemic arcas prior to
exposure (o muxed scx cercariae, may result in a
degree of resistance to infection (Vogel & Minning
1953). All this will contributc to reduced morbid-
ily 1n schistosomiasis japonica cndemic areas of
the Philippines despite the organism being innately
highly pathogenic and highly infcctive.

REFERENCES
Andrade ZA, Warren KS 1964. Mild prolonged

schistosomiasts i mice: allerations in host response
with time and development of portal fibrosis. 7rans
R Soc Trop Med Iyg 58: 53-57.

Cheever AW 1987, Comparison of pathologic changes
in mammalian hosts infected with Schistosoma
mansoni, S. japonicum and S. haematobium. Mem
inst Oswaldo Cruz 82, Suppl IV: 3946.

Domingo 1:O, Warren KS 1968. Endogenous desensiti-
zation: changing host granulomatous response to
schistosome eggs at different stages of infection with
Schistosoma mansoni. Am J Pathol 52: 369-379.

(rarcia LG, Mitchell GF 1982. Vaccination against se-
vere hepato-splenic disease in schistosomiasis
japonica: an hypothesis. Acta Med Phil 18- 107-
112.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 90(2), mar./apr. 1995 295

Garcia EG, Mitchell GF 1985, Editorial: Vaccination
against immunaopathological disease in schisto-
somiasis japonica. Asian Pacific J Allerg Immunol
3. 140-142.

Garcia EG, Mitchell GF 1987. Immunology of resistance
to infection and disease 1n schistosemiasis japonica
p. 35-48 In EJL Soulsby Immune Responses in Para-
sitic Infections: Immunology, Immunopathology and
Immunoprophylaxis. Vol Il Trematodes and Ces-
todes, CRC Press, Boca Raton.

Garcia EG, Mitchell GF, Beall JA, Tiu WU 1985,
Schistosoma japonicum: the modulation ot lung
granuloma and inhibition of egg maturation m mice
by human sera. Asian Pacific J Allerg Immun 3
156-160.

Garcia EG. Mitchell GF, Rivera PT. Evardome RR,
Almonte RE, Tiu WU 1987, Evidence of anti-em-
bryonation immunity and egg destruction 1n mice
sensitized with immature eggs of Schistosoma ja-
ponicum. Asian Pacific J Allerg Immun 5. 137-141.

Garcia EG, Mitchell GE, Tapales FP, Tiu WU [983.
Reduced embryonauon of Schistoesoma japonicum
eggs as a contributory mechamsm in modulation of
granuloma 1n chronically sensitized mice. South-
east Asian J Trop Med Pub Hith 14: 272-273

(Garcia EG, Mitchell GE, Tiu WU, Rivera PT 1992,
Anti-embryonation immunity as a granuloma modu-
lating mechanism 1n schistosomiasis caused by
Schistosoma japonicum, p. 167-177. In Aquacul-
ture and Schistosomiasis. National Academy Press,
Washington DC.

Garcia EG, Rivera PT, Mitchell GF, Evardome RR,
Almonte RE, Tiu WU 1989. Effects ol induction of
anti-embryonation immunity on hver granulomas,
spleen weight and portal pressure in mice intecled
with Schistosoma japonicum. Acta fropica 46. 93-
99,

Garcia EG, Tapales FP, Valdez CA, Mitchell GE, Tiu
WU 1981. Attempts 1o standardize the circumo-
val precipitin test (COPT) for schistosomasis

japonica. Southeast Asian J Trop Med Pub Hith
12: 384-395.

Liberatos JI) 1987. Schistosoma mansoni. male-biased
sex ratios in snails and mice. Exp Parasitol 64 165-
177.

Mitchell GF 1990. Immunopathology 1n schistoso-
miasis. Rev Med Microbiol 1. 101-107.

Mitchell GF, Anders RF, Chapman CB, Roberts-
Thomson IC, Handman E, Cruise KM, Rickard MDD,
Lightowlers MW, Garcia 1:G 1984. Examination
of strategics for vaccimation against parasitic in-
fection or disease using mouse models. Cont Top-
ics Immunobiol 12: 323-358.

Mitchell GF, Garcia EG, Rivera PT, Ty WU, Davern
KM 1994, Mimireview: Evidence for and implica-
tions of anti-embryonation immunily in schisto-
somiasis. Exp Parasitol 79: 546-549.

Mitchell GF, Garcia EG, Wood SM, Diasanta R,
Almonte R, Calica E, Davern KM, Twu WU 1990,
Studies on the sex ratio of worms in schistosome
infections. Parasitology 101 27-34.

Mitchell GF, Tiu WU, Garcia EG 1991. Intection char-
acteristics of Schistosoma japonicum in mice and
relevance to the assessment of schistosome vaccines.
Adv Parasitol 30: 167-200.

Olds GR, Olveda R, Tracy JW, Mahmoud AAF 19382,
Adoptive transfer of modulation of granuloma
formation and hepatosplenic disease in murine
schistosomiasis japonica by serum from chroni-
cally infected animals. J fmmunol 128: 1391-
1393,

Tiu WU 1988. Characterization of Schistosoma japo-
nicum egg antigens. Ph.D. thesis, University of
Melbourne.

Vogel H, Minning W 1953, The acquired resistance of
Macacus rhesus to Schistosoma japonicum. £ Tro-
pnmed Parasitol 4. 418-505.

Warren KS 1982. The secret of immunopathogenesis in
schistosomiasis: in vivo models. Immunol Revs 61:

189-213.



