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Abstract

Schistosomiasis is an ancient parasitic disease that has
afflicted Egyptians since the time of the pharaohs. The
disease is caused by lodged schistosome eggs in the host
liver, evoking an immune response and leading in some
patients to the development of hepatic granuloma and
fibrosis. Here, we review the epidemiology, immunopatho-
genesis, and clinical profile of schistosomiasis. This informa-
tion may aid in the development of more efficacious
treatments and improved disease prognosis.

© 2014 The Second Affiliated Hospital of Chongqging Medical
University. Published by XIA & HE Publishing Ltd. All rights
reserved.

Introduction

Of the more than 207 million people infected with schistoso-
miasis, 85% live in Africa. An estimated 700 million additional
people are at risk of infection in 76 countries where the
disease is considered endemic due to exposure to infested
water agriculturally, domestically, or recreationally.!
Worldwide, 200,000 deaths are attributed to schistosomiasis
annually.? There is a long history in Egypt of diseases caused
by schistosomiasis, notably hematuria. This symptom classi-
cally appeared in young boys and was at one time deemed a
sign of puberty. Schistosomiasis, sometimes referred to as
bilharzia, bilharziasis, or snail fever, was discovered in 1851
by Theodore Bilharz, a German surgeon working in Cairo. He
identified the etiological agent as Schistosoma hematobium.*
Most schistosomiasis is caused by S. haematobium, S.
mansoni, and S. japonicum. Less prevalent species include
S. mekongi and S. intercalatum, which may also cause
systemic human disease.

When schistosoma eggs are trapped in tissues, they
activate an immunologic reaction and induce schistosomiasis.
Antigens released from the egg stimulate a granulomatous
reaction involving T cells, macrophages, and eosinophil that
cause clinical disease. Symptoms and signs depend on the
number and location of eggs. The initial inflammatory
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reaction is readily reversible. However, as the disease
progresses, there is collagen deposition and fibrosis, resulting
in organ damage that may be only partially reversible.>

Life cycle of parasite

The three species of schistosomes that commonly affect
humans (S. hematobium, S. mansoni and S. japonicium)
have similar life cycles and develop by a succession of stages:
the egg, miracidium, first stage sporocyst, second stage
sporocyst, cercariae, schistosomule, and adult. All three
species of schistosomes infect in the same manner: direct
contact with surface water containing free-living form known
as cercariae, which can penetrate the skin. Schistosome
ceracariae consist of a tail (used for motility in the water), a
head region (used for attachment to host skin), and glands
that contain proteolytic enzymes to facilitate penetration of
the skin.

In addition to several other major changes, the tail of the
cercariae is shed during penetration of the skin to yield a new
form called the schistosomulum. After penetrating the wall of
a nearby vein, schistosomula are carried in the host blood
flow, eventually reaching the portal venous system. It is here
where they grow and reach sexual maturity, the mature male
and female worms pair, and then, depending on species,
migrate to the vessels of the bowel or bladder for egg
production. Many eggs pass through the intestinal or bladder
wall and are excreted in the feces or urine. The schistosome
lifecycle is completed when the eggs hatch, releasing free-
swimming miracidia that can in turn re-infect freshwater snails.

However, it is the eggs, not the worms, that cause the
pathophysiology of schistosomiasis, and some eggs remain
lodged in the tissues of the host. In intestinal schistosomiasis,
eggs lodged in the mucosa or submucosa of the gut cause
granulomatous reactions, which may then extend into the gut
lumen as pseudopapillomas. These pseudopapillomas can
cause colonic obstruction and blood loss. Eggs residing in the
liver may cause portal fibrosis, leading to portal hypertension,
splenomegaly, and esophageal and gastric varices.
Exsanguination by esophageal variceal bleeding is the major
cause of death by schistosomes.”

Immunopathogenesis

Hepatosplenic schistosomiasis (HSS) is due to inflammation
and fibrosis in the presinusoidal portal areas of the liver.
Investigations in an experimental murine model have
unequivocally shown that the egg stage of the parasite s
responsible for these pathological changes.®

Shortly after developing into schistosomula, the parasites
shed surface antigens and acquire blood group glycolipid and
major histocompatibility complex (MHC) antigens from the
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host. Since they express host antigens on their tegument, the
schistosomes resemble the host tissue and can thereby avoid
attack by the immune system. Although the host suffers little
damage directly from the adult worms, the eggs elicit an
intense granulomatous inflammatory response. The egg
granulomas are well-circumscribed aggregates of inflamma-
tory cells composed of eosinophils, lymphocytes, macro-
phages, and neutrophils that are embedded in a collagenized
extracellular matrix. Hepatic granuloma formation in S.
mansoni infections is mediated by MHC class 11-restricted
CD4+ Th cells.?

During the early stages of granuloma formation, the
immune system initiates a Th-1 type response to schistoso-
mal egg antigens.® The proinflammatory cytokines produced
by the activated antigen-presenting cells (APC) stimulate the
Th-1 lymphocytes to secrete interferon gamma and inter-
leukin (IL)-2, which in turn further stimulate the APC.
Subsequently, with the aid of B7 (mostly B7-2) co-stimula-
tory signaling and the cytokines IL-4 and IL-10, there is a
switch from a Th-1 to a Th-2 response. The Th-2 response is
characterized by increased levels of the anti-inflammatory
cytokines IL-4, IL-5, IL-10, and IL-13, antibody production by
B cells, and recruitment of eosinophils. Eosinophils generate
IL-4, which serves to secure the Th-2 immune response and
to induce APCs with alternative activation and secretion
profiles. The hepatic egg granulomas that form during the
Th-2 immune response appear to be beneficial by limiting the
spread of egg secretions and causing little or no parenchymal
inflammation of the liver. In contrast, granulomas formed in
Th-1 environment are less efficient and can be accompanied
by severe hepatocellular microvesicular change, inflamma-
tion, and necrosis.!

A well-known phenomenon, originally described in the
mouse, is the progressive downsizing of granuloma formation
in response to eggs arriving in the liver after the period of
acute disease. An important mechanism in the immunomo-
dulatory process may involve the anti-inflammatory cytokine
K-10, which can inhibit accessory cell function and inflam-
matory cytokine production.!?

Clinical manifestation

Disease syndromes associated with schistosomiasis include
cercarial dermatitis, larval pneumonitis, acute schistosomia-
sis (Katayama fever), and HSS.

Acute schistosomiasis

In a previously uninfected person, Katayama fever will
develop in about 4 to 6 weeks. The onset of symptoms
coincides with the initiation of egg deposition. Katayama
fever has been described in people with initial heavy
infections caused by S. mansoni, S. haematobium, and
especially S. japonicum. It is believed to represent a serum
sickness-like reaction that results from circulating immune
complexes. Symptoms include fever, chills, arthralgias,
myalgias, dry cough, wheezing, abdominal pain, and diar-
rhea. Physical findings include rash, tender hepatomegaly
splenomegaly, and lymph- adenopathy. Peripheral eosinophi-
lia and high levels of immunoglobulin (Ig)G and IgE are
usually present. Symptoms will usually resolve sponta-
neously after several weeks in most patients.>

Hepatosplenic schistosomiasis

The pathology of hepatic schistosomiasis was first described
in Egypt by the great British pathologist Symmers (1904)
before either its life cycle or clinical aspects were understood.
He found that HSS with portal hypertension and esophageal
varices was due to a presinusoidal block of portal blood flow
and increased flow from the spleen.*

While all schistosome species may cause some degree of
hepatobiliary disease, S. hematobium is less likely to do so,
and affects primarily the urinary tract. The main species that
cause hepatobiliary disease are S. mansoni and S. japoni-
cum. Intestinal and hepatosplenic syndromes may overlap to
some degree, but in most cases one or the other prevails.
Severe HSS is likely due to failure of immunomodulation
processes. Predictably, severely affected patients exhibit a
Th-1 types cytokine profile with little if any detectable IL-10.
Conversely, the mild intestinal form of schistosomiasis is
associated with a Th-2 cytokine profile.'> Symptoms of HSS
include hepatomegaly, hepatic fibrosis, portal hypertension,
and, with chronic infection, portosystemic collateral blood
flow. As the infection progresses, splenomegaly, esophago-
gastric varices, and hemorrhoids develop. Bleeding from
esophageal varices leads to hematemesis and melena.
Patients with HSS generally tolerate variceal bleeding epi-
sodes better than patients with portal hypertension asso-
ciated with viral or alcoholic hepatitis. A feature characteristic
of HSS is the maintenance of liver perfusion by an increase in
hepatic arterial flow, allowing for the preservation of hepato-
cyte function in the absence of hepatotropic viral co-
infections. Neither the eggs nor the adult form of S. mansoni
cause damage to hepatocytes.!®

In the compensated stage of HSS, patients present with
predominantly left hepatic lobe enlargement and moderate
splenomegaly. Laboratory findings include normal transami-
nases, mildly elevated alkaline phosphatase, increased 1gG,
leukopenia, mild hemolytic anemia, and thrombocytopenia.
The decompensated phase of HSS is characterized by a
shrunken liver, splenomegaly, esophageal varices, hepatic
encephalopathy, massive ascites, hypoalbuminemia, and
muscle wasting. There is a remarkable lack of other stigmata
of chronic liver disease such as jaundice, spider nevi, palmar
erythema, testicular atrophy, and gynecomastia. Patients
generally do not develop cirrhosis unless they are co-infected
with another hepatotropic organism.®'” HSS should be
considered in any patient without stigmata of cirrhosis, from
an endemic area, who presents with splenomegaly, portal
hypertension, and variceal bleeding.'®

Co-infections and complications

Co-infection of hepatitis, HIV, and malaria with schistoso-
miasis can increase the risk for hepatocellular carcinoma and
mortality. Patients with schistosomiasis have higher rates of
hepatitis B surface antigen (HBsAg) carriage and hepatitis C
virus (HCV) seropositivity than non-infected controls. This
association may be due, at least in part, to transmission of
hepatitis viruses via contaminated needles during blood
transfusion and parenteral therapy for schistosomiasis.
Schistosomiasis potentiates hepatitis B virus (HBV) and
HCV infections by prolonging hepatic inflammation after an
episode of acute viral hepatitis and by increasing the risk of
chronic infection.!®
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Fig 1. Global distribution of schistosomiasis. Adapted from Gryseels et al.?

Increased levels of aminotransferases and bilirubin asso-
ciated with histological and periportal inflammation on liver
biopsy have been reported in patients with HSS and HBV or
HCV co-infections. In addition, liver function deteriorates
more rapidly, often with the development of severe, irrever-
sible periportal fibrosis and a more rapid progression toward
end-stage liver disease. Development of hepatocellular
carcinoma has also been reported in schistosomiasis.?°
However, some studies have failed to demonstrate a defini-
tive relationship between chronic hepatitis B or C infection
and positive ultrasonography or histologic evidence of
schistosomal hepatic fibrosis. Potential explanations for these
discrepancies include false-positive anti-HCV tests secondary
to anti-schistosomal antibodies, small sample size, study
design, short duration of follow-up, and bias in recruitment,
selection, or observation of patients.?!

One way to prevent exacerbation of liver disease in
schistomiasis with co-infection of hepatitis B is immunization
against HBV. Schistosome-infected school children appear to
respond well to the hepatitis B vaccine, but hepatomegaly or
splenomegaly can significantly hamper sero-conversion.
Therefore, vaccination in early childhood should be universal
in countries endemic for the hepatotropic schistosomes.?2

Because of the increasing prevalence of immunodeficiency
virus (HIV) infection in many countries that are highly
endemic for schistosomiasis, the interaction between these
two infectious diseases is being monitored closely. A recent
study from Kenya found significantly lower fecal egg counts in
subjects with HIV infection, and a direct correlation between
the CD4+ T-cell count and the level of egg excretion. No
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difference, however, was seen in plasma levels of circulating
cathodic antigen (CCA), a direct measure of the worm
burden, between HIV-infected and non-HIV patients with S.
mansoni infection. The therapeutic response, as measured by
a reduction of fecal egg excretion and schitosomal CAA levels,
to standard doses of praziquantel in HIV-seropositive sub-
jects was found to be equal to non-infected controls. Clearly,
given the large overlap in their geographic distribution,
further studies are needed regarding the interactions
between HIV and schistosomiasis.?>

Although no clear link has been made between S. mansoni
and cancer, epidemiologic studies in China and Japan have
implicated S. japonicum infection as a risk factor for both
primary hepatocellular carcinoma and colorectal cancer. Risk
factors for the development of liver cancer, including viral co-
infection with HBV or HCV and alcohol abuse, are usually
present as well.?

Prognosis

HSS carries a relatively good prognosis because hepatic
function is preserved until the end of the disease (unless
variceal bleeding occurs). Although treatment is indicated for
patients with end-stage complications of portal hypertension
and severe pulmonary hypertension, these patients are not
likely to benefit from it. Indeed, cor pulmonale usually does
not improve significantly with treatment. Three operations
have been used for the successful treatment of portal
hypertension due to schistosomiasis: esophagogastric devas-
cularization with splenectomy (EGDS), distal splenorenal
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Fig 2. Life cycle of S. mansoni, S. japonicum, and S. haematobium. Adapted from McManus DP et al.®

shunts (DSRS), and classic splenorenal shunt (SRS). SRS is
associated with higher rates of death and hepatic encephalo-
pathy than both EGDS and DSRS. However, high rates of
variceal rebleeding after EGDS (27%) and incidences of
encephalopathy after DSRS (19%) have been reported.?®

Fig 3. Liver fibrosis in hepatosplenic schistosomiasis. Adapted from
Lambertucci JR.32
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Following diagnosis of schistomiasis, praziquantel should
be administered as soon as possible. Praziquantel can safely
be given to pregnant and lactating women, and it decreases
the disease burden and improves pregnancy and fetal
outcomes. The implementation of programs targeting women
during reproductive years will improve their reproductive life
and overall well-being.2®

Morbidity and mortality

Acute schistosomiasis is associated with a mortality rate as
high as 25% in some studies. Although most individuals with
chronic schistosomiasis have few or no symptoms, significant
morbidity can develop. Complaints are difficult to quantitate
because of the geographic distribution of schistosome infec-
tion in developing nations and the frequency of co-morbidity
with other conditions, such as viral hepatitis. Hepatosplenic
disease with portal hypertension is the most common long-
term serious complication, followed by cardiopulmonary
involvement, obstructive nephropathy, bacteremia, and
malignancy. Female genital infection can contribute to
pregnancy complications, including reports of related ectopic
pregnancy. Urogenital schistosomiasis is considered to be a
risk factor for HIV infection, especially in women.2” End-stage
hepatosplenic disease with variceal bleeding, pulmonary
hypertension with cor pulmonale, and central nervous system
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disease are associated with high mortality rates; and
carcinoma of the liver and gallbladder may cause death.
Although effective anti-helminthic treatment exists, it may
not be readily available in endemic areas and may not reverse
existing fibrosis. Re-infection is extremely common in people
who live in or return to endemic areas. Therefore, repetitive
treatment is necessary to prevent disease progression in this
situation.?”

Anti-schistosomal vaccination

Researchers are optimistic in the successful development and
implementation of an anti-schistosomal vaccine. The greatest
advances in schistosomiasis vaccine technology have been in
the integrated genomic and proteomic study on antigen
selection. The apical membrane proteins expressed on the
surface of the schistosomulum and the adult worm are logical
vaccine targets, and there is some data available in support of
this hypothesis.?®2° Another putative target, although not
yet explored, is the mRNAs encoding novel, putatively
secreted proteins with no known homologues that are lodged
in the tegument membrane.There are very few schistoso-
miasis vaccine trials that target proteins completely unique to
schistosomes and do not share sequence identity with any
other proteins.393!

Anti-schistosome vaccines should not be considered as a
panacea. It is just one component of integrated schistoso-
miasis control programs that include chemotherapy and
health education. Although controversial, praziquantal resis-
tance is a major concern, and the necessity for vaccines is
now more important than ever.®

Conclusions

HSS is a highly prevalent and preventable parasitic disease in
which damage to the hepatobiliary system is mediated by the
host immune response. Knowledge of the immunopathogen-
esis and clinical aspects of the infestation may lead to the
development of new treatment strategies and improved
disease prognosis.
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