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Schistosomiasis is one of the major infectious dis-
eases affecting developing countries. Infection is
contracted by exposure to fresh water containing
helminth cercariae shed by infected snails. Cercar-
iae penetrate the skin, migrate intravascularly to the
liver, and later lay eggs in the mesenteric (Schisto-
soma mansoni and Schistosoma japonicum) or uro-
genital (Schistosoma haematobium) venules. About
200 million persons are infected with schistosomes
but probably <5% of these have clinically important
schistosomal disease. Thus, it is vital to distinguish
infected persons from individuals who actually have
the disease. Estimation of the intensity of infection is
also key.

The number of worms (worm burden) carried by
each infected individual is relatively constant,
because schistosomes do not multiply in the verte-
brate host. Infection intensity may be increased by
repeated exposure or decreased through attrition of
senescent worms, through host immunity, or after
chemotherapy. The intensity of infection in different
individuals is extremely variable and those heavily
infected are most likely to develop disease,'3 and
heavy infection may be a necessary but not sufficient
condition for the development of pipestem fibrosis.!
Unfortunately, lightly infected mice cannot be stud-
ied since 1 pair of worms in an animal this size con-
stitutes an infection more intense than that in almost
all infected persons.2 However, immune responses
are also important determinants of disease.

Schistosomal Disease and Pipestem
Fibrosis

The pathognomonic periportal fibrosis (clay pipe-
stem fibrosis or Symmers’ fibrosis) associated with
the syndrome of hepatosplenic schistosomiasis is
one of the most common causes of portal hyperten-
sion worldwide. Ultrasound is now the method of
choice for the diagnosis of Symmers’ fibrosis and
has been used in the field to evaluate regression of
fibrosis after treatment.4

Hepatic pathology in schistosomiasis is second-
ary to an immunologically mediated reaction to the
eggs. Infected persons who develop Symmers' fibro-
sis lack regulatory idiotypes present in individuals
without Symmers’ fibrosis.® The report by Henderson
et al® in this issue of the Journal reproduces in a
murine model the association between pipestem
fibrosis and the absence of T cell-stimulatory
idiotypes. This model opens the way to clarification
of the immunopathogenesis of this important lesion.

Experimental pipestem fibrosis has been
described in chimpanzees infected with S. mansoni”
or S. japonicum® and in rabbits infected with S.
Jjaponicum.® Reports of pipestem fibrosis in S. man-
soni-infected mice'®'" were not entirely convincing.
In my own material | was concerned by the lack of
diffuse portal fibrosis and by livers showing atrophy
in some lobes and hyperplasia in others. The report
by Henderson et al® is completely convincing.

In all of these models it has been speculated that
changes in the intrahepatic circulation shunt eggs
into the portal tracts, feeding an increasing propor-
tion of eggs into portal areas once portal fibrosis is
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initiated.?7-2:1" In chimpanzees and rabbits’® sig-
nificant portal fibrosis occurred early in infection,
when eggs still lay mainly outside portal tracts. In S.
mansoni-infected humans portal accumulation of
eggs was demonstrated only when portal fibrosis
was present.’ Thus, in its initial stage pipestem fibro-
sis may be an early event not caused by the fusion of
fibrotic granulomas. The portal accumulation of eggs
found uniformly in humans with pipestem fibrosis
and in all experimental models occurs at a later
stage.

Host Immune Response to Eggs

The circumoval granuloma and the associated fibro-
sis are basic to the immunopathogenesis of schisto-
somiasis even if their relation to the initiation of portal
fibrosis is unclear. Hypersensitivity to schistosome
eggs is generally measured as the size of granulo-
mas in the livers of infected animals or in the lungs of
animals given intravenous injections of eggs. In
infected humans the response of peripheral blood
mononuclear cells to soluble antigen or the size of
granulomas formed in vitro by these cells is used.
CD4* T helper (Th) cells are central in these
responses.’? Th1 cells are associated with classical
delayed hypersensitivity and with secretion of inter-
feron-y and interleukin (IL)-2.1® Th2 cells are associ-
ated with hyperergic responses and secrete IL-4,
important for IgE responses, and IL-5, necessary for
the development of eosinophils.

S. mansoni eggs lead to an augmented Th2
response and down-regulation of the Th1 response
in infected mice,'* but there is controversy as to the
importance of Th1 and Th2 responses in the patho-
genesis of the granuloma and of hepatic fibrosis. It is
clear that the development of granulomas in mice is
accompanied by a complex orchestration of cyto-
kine responses in which IL-2 and IL-4 are both
important.'25-7 A Th1 cell line responding to egg
antigen accelerated the granulomatous response to
injected schistosome eggs, '® but the participation of
eosinophils suggests rapid recruitment of Th2 cells.
Perhaps Th1 cells or another sources of IL-2 are
important for the initial response to S. mansoni eggs.

Abundant transforming growth factor-B, associ-
ated with fibrosis in other systems, '® is demonstrable
in the livers of S. mansoni-infected mice.2° Treatment
of mice with large doses of interferon-vy inhibits gran-
uloma formation and fibrosis,2" although treatment
with anti-interferon-y has no effect.'®22 Anti-IL-5
treatment prevents the accumulation of eosinophils
in the granulomas but surprisingly has virtually no
effect on granuloma size or hepatic fibrosis.2?2 A

newly described cytokine, fibroblast-stimulating fac-
tor, is seen in the livers of S. mansoni-infected
mice.>

Striking results were reported by Amiri et al,?* who
partially restored granulomas in severe combined
immunodeficient mice by injecting TNF-a. Presum-
ably, formation of local circumoval lesions in the
absence of antigen recognition requires chemotactic
factors from the eggs to direct cells activated by
tumor necrosis factor. Weinstock?® has reviewed the
effects of kinins, angiotensin, and neuropeptides on
the formation and regulation of schistosomal
granulomas.

Immunological down-regulation of the size of
granulomas around newly laid eggs occurs during
schistosome infection. Granulomas diminish in size
gradually after the 8th week of S. mansoni infection
and rapidly after the 7th week of S. japonicum infec-
tion in mice. The mechanism of down-regulation in S.
mansoni-infected mice is predominantly cellular,215
and much evidence implicates CD8* cells, although
induction of unresponsiveness in CD4* cells has
also been postulated.?® In S. japonicum infections
modulation is mediated largely through antibodies,
including anti-idiotypic antibodies.?” The regulation
of hepatic fibrosis is frequently dissociated from reg-
ulation of granuloma size in both S. mansoni and S.
Jjaponicum infections,?7-28 as is the case in the mice
described in this issue by Henderson et al.®

Immunity And Antischistosome Vaccines

Prevention and control of schistosomal disease is
generally based on reduction of the worm burden,
generally through chemotherapy.2® In the future,
infection intensity might be more efficiently reduced
by vaccination, and the vaccine need not be 100%
effective to achieve disease control. Resistance to
reinfection with schistosomes has been frequently
documented experimentally. Some resistance is
clearly related to nonspecific factors affecting the
migration of developing schistosomes (schistosom-
ules). However, extensive studies of specific immu-
nity have been made after immunization with irradi-
ation-attenuated cercariae®®-32 or with purified or
recombinant antigens or after administration of mon-
oclonal antibodies.3® Resistance is almost always
only partial. A staggering number of effector systems
exist.33 The Th1 response, particularly interferon-y
and activated macrophages, is often important in
mice vaccinated a single time with irradiation-atten-
uated cercariae3%-34 but after repeated vaccination
the Th2 response is prominent and immunity can be
passively transferred with serum.®° In rats Th2



responses involving eosinophils (or macrophages or
platelets) and IgE are often important.3® In many
instances in vivo evidence supports in vitro data con-
cerning cytotoxicity of these mechanisms. A recent
pair of papers confirm earlier evidence that schisto-
somules are disposed of in the lungs of mice by
being extruded live from the capillaries into the alve-
olar spaces.3'32 If this mechanism is widely used to
eliminate schistosomules, then these observations
need to be reconciled with the apparent killing of
schistosomules by cytotoxic antibodies and cells.

The decreasing prevalence and intensity of infec-
tion in older children and adults suggested immunity
to reinfection in humans, but careful documentation
of the degree of exposure in putatively immune and
nonimmune individuals was required because pat-
terns of water contact change markedly with age.
Immunity was found to develop slowly in children
after years of infection. Less resistant children
infected with S. mansoni had higher titers of antibod-
ies that blocked immune effector function than did
more resistant children.®® Eosinophils and IgE anti-
bodies appear to be important for resistance to S.
mansoni and S. haematobium.33-3¢

Contemporary biology offers new tools that are
particularly welcome for studying organisms that are
antigenically complex and adapted for prolonged
survival in the mammalian host. Schistosome infec-
tions provide excellent opportunities for examining
chronic inflammation, immunoregulation, and the
functions of eosinophils and IgE. Recombinant anti-
gens may be useful for vaccine development but a
breakthrough in vaccination will likely require better
understanding of immunity as well as new antigens
and adjuvants. Unfortunately, we are not likely to
experience a shortage of infected humans to study
for some time; but the model described here® will
certainly generate new directions for the study of
pipestem fibrosis.

Acknowledgments

| am grateful to Theodore Nash, Alan Sher, Thomas
Wynn, Robert Bergquist, and Isam Eltoum for helpful
discussions.

References

1. Cheever AW: A quantitative post mortem study of schis-
tosomiasis mansoni in man. Am J Trop Med Hyg 1968,
17:38-64

2. Cheever AW: Quantitative comparison of the intensity of
Schistosoma mansoni infection in man and experimen-

10.

11.

12.

13.

14.

Schistosomal Disease 701
AJP March 1993, Vol. 142, No. 3

tal animals. Trans R Soc Trop Med Hyg 1969, 63:781-
795

. Doehring-Schwerdtfeger E, Abdel-Rahmin IM, Moha-

med-Ali Q, Elsheikh M, Schlake J, Rudiger K, Franke D,
Kaiser C, Ehrich JHH: Ultrasonographical investigation
of periportal fibrosis in children with Schistosoma man-
soni infection: evaluation of morbidity. Am J Trop Med
Hyg 1990, 42:581-586

. Homeida MA, Eltom |, Nash T, Bennett JL: Association

of the therapeutic activity of praziquantel with the rever-
sal of Symmers’ fibrosis induced by S. mansoni. Am J
Trop Med Hyg 1991, 45:360-365

. Montesano MA, Freeman GL, Gazzinelli G, Colley DG:

Immune responses during human Schistosoma
mansoni. XVIl. Recognition by monoclonal anti-idio-
typic antibodies of several idiotypes on a monoclonal
anti-soluble schistosomal egg antigen antibody and
anti-soluble schistosomal egg antigen antibodies from
patients with different clinical forms of infection. J
Immunol 1990, 145:3095-3099

. Henderson GS, Nix NA, Montesano MA, Gold D, Free-

man GL Jr, McCurley TL, Colley DG: Two distinct patho-
logical syndromes in male CBA/J inbred mice with
chronic Schistosoma mansoni infections. Am J Pathol
(in press)

. Sadun EH, von Lichtenberg F, Cheever AW, Erickson

DG: Schistosoma mansoni in the chimpanzee: the nat-
ural history of chronic infections following single and
multiple exposures. Am J Trop Med Hyg 1970, 19:258—
277

. von Lichtenberg F, Sadun EH, Cheever AW, Erickson

DG, Johnson AJ, Boyce HW: Experimental infection
with Schistosoma japonicum in chimpanzees: parasi-
tologic, clinical, serologic and pathological obser-
vations. Am J Trop Med Hyg 1971, 20:850-893

. Cheever AW, Duvall RH, Minker RG, Nash TE: Hepatic

fibrosis in rabbits infected with Japanese and Philip-
pine strains of Schistosoma japonicum. Am J Trop Med
Hyg 1980, 29:1327-1339

Warren KS: The pathogenesis of “clay pipe-stem cir-
rhosis” in mice with chronic schistosomiasis mansoni,
with a note on the longevity of the schistosomes. Am J
Pathol 1966, 49:477-489

Andrade ZA: Pathogenesis of pipe-stem fibrosis of the
liver: experimental observation on murine schisto-
somiasis. Mem Inst Oswaldo Cruz 1987, 82:325-334
Mathew RC, Ragheb S, Boros DL: Recombinant IL-2
therapy reverses diminished granulomatous respon-
siveness in anti-L3T4-treated Schistosoma mansoni-in-
fected mice. J Immunol 1990, 144:4356-4361

Cher DJ, Mosmann TR: Two types of murine helper cell
clone. Il. Delayed-type hypersensitivity is mediated by
Th1 clones. J Immunol 1987, 138:3688-3694

Pearce EJ, Caspar P, Grzych J-M, Lewis FA, Sher A:
Down-regulation of Th1 cytokine production accompa-
nies induction of Th2 responses by a parasitic hel-
minth, Schistosoma mansoni. J Exp Med 1991,
173:159-166



702 Cheever
AJP March 1993, Vol. 142, No. 3

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Perrin PJ, Phillips SM: The molecular basis of granu-
loma formation in schistosomiasis. Ill. In vivo effects of
a T cell-derived suppressor effector factor and IL-2 on
granuloma formation. J Immunol 1989, 143:649-654
Chensue SW, Terebuh PD, Warmington KS, Hershey
SD, Evanoff HL, Kunkel SL, Higashi Gl: Role of IL-4 and
IFN-vy in Schistosoma mansoni egg-induced granuloma
formation: orchestration, relative contribution, and rela-
tionship to macrophage function. J Immunol 1992,
148:900-906

Cheever AW, Finkelman FD, Caspar P, Heiny S, Mace-
donia JG, Sher A: Treatment with anti-IL-2 antibodies
reduces hepatic pathology and eosinophilia in Schis-
tosoma mansoni-infected mice while selectively inhib-
iting T cell IL-5 production. J Immunol 1992, 148:3244—-
3248

Chikunguwo SM, Kanazawa T, Dayal Y, Stadecker MJ:
The cell-mediated response to schistosomal antigens
at the clonal level: in vivo functions of cloned murine
egg antigen-specific CD4* T helper type 1
lymphocytes. J Immunol 1991, 147:3921-3925
Fausto N: Multifunctional roles for transforming growth
factor-B1. Lab Invest 1991, 65:497-499

Czaja MJ, Weiner FR, Flanders KC, Giambrone M-A,
Wind R, Biempica L, Zern MA: In vitro and in vivo
association of transforming growth factor-B1 with
hepatic fibrosis. J Cell Biol 1989, 108:2477-2482
Czaja MJ, Weiner FR, Takahashi S, Giambrone M-A,
van der Meide PH, Schellekens H, Biempica L, Zern
MA: y-Interferon treatment inhibits collagen deposition
in murine schistosomiasis. Hepatology 1989, 10:795-
800

Sher A, Coffman RL, Hieny S, Scott P, Cheever AW:
Interleukin 5 is required for the blood and tissue eosi-
nophilia but not granuloma formation induced by infec-
tion with Schistosoma mansoni. Proc Natl Acad Sci
USA 1990, 87:61-65

Prakash S, Postlethwaite AE, Wyler DJ: Alterations in
influence of granuloma-derived cytokines on fibrogen-
esis in the course of murine Schistosoma mansoni
infection. Hepatology 1991, 13:970-976

Amiri P, Locksley RM, Parslow TG, Sadick M, Rector E,
Ritter D, McKerrow JH: Tumor necrosis factor a restores
granulomas and induces parasite egg-laying in schis-
tosome-infected SCID mice. Nature 1992, 356:604—607
Weinstock JV: The pathogenesis of granulomatous
inflammation and organ injury in schistosomiasis: inter-
actions between the schistosome ova and the host.
Immunol Invest 1992, 21:455-476

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Stadecker MJ, Kamisato JK, Chikunguwo, SM: Induc-
tion of T helper cell unresponsiveness to antigen by
macrophages from schistosomal egg granulomas: a
basis for immunomodulation in schistosomiasis? J
Immunol 1990, 145:2697-2700

Olds GR, Kresina TF: Immunoregulation of hepatic
fibrosis in murine schistosomiasis japonica. J Infect Dis
1989, 159:798-801

Olds GR, Meneza S, Mahmoud AAF, Kresina TF: Differ-
ential immunoregulation of granulomatous inflamma-
tion, portal hypertension, and hepatic fibrosis in murine
schistosomiasis mansoni. J Immunol 1989, 142:3605—
3611

Butterworth AE, Sturrock RF, Ouma JH, Mbugua GG,
Fulford AJC, Kariuki HC, Koech D: Comparison of dif-
ferent chemotherapy strategies against Schistosoma
mansoniin Machakos District, Kenya: effects on human
infection and morbidity. Parasitology 1991, 103:339-
355

James SL: Experimental models of immunization
against schistosomes: lessons for vaccine develop-
ment. Immunol Invest 1992, 21:477-493

Kassim OO, Dean DA, Mangold BL, von Lichtenberg F:
Combined microautoradiographic and histopathologic
analysis of the fate of challenge Schistosoma mansoni
schistosomula in mice immunized with irradiated
cercariae. Am J Trop Med Hyg 1992, 47:231-237
Dean DA, Mangold BL: Evidence that both normal and
immune elimination of Schistosorma mansonitake place
at the lung stage of migration prior to parasite death.
Am J Trop Med Hyg 1992, 47:238-248

Capron AR: Immunity to schistosomes. Curr Opin
Immunol 1992, 4:419-424

Smythes LE, Pemberton RM, Coulson PS, Mountford
AP, Wilson RA: T cell derived cytokines associated with
pulmonary immune mechanisms in mice vaccinated
with irradiated cercariae of Schistosoma mansoni. J
Immunol 1992, 148:1512-1518

Butterworth A, Dunne D, Fulford A, Capron M, Khalife J,
Capron A, Koech D, Ouma J, Sturrock R: Immunity in
human schistosomiasis mansoni: cross-reactive IgM
and 1gG2 anti-carbohydrate antibodies block the
expression of immunity. Biochimie 1988, 70:1053-1063
Hagan P, Blumenthal UJ, Dunn D, Simpson AJG,
Wilkins HA: Human IgE, 1gG4 and resistance to rein-
fection with Schistosoma haematobium. Nature 1991,
349:243-245



