The Trematodes

Abida K. Haque

6.1 Introduction

The trematodes belong to the phylum Platy-
helminthes or flatworms. Their characteristics
include a flattened body with an outer tegument
and two suckers, which is a characteristic feature
of this group. Most trematodes are hermaphro-
ditic, with well-developed reproductive organs
and digestive system. Trematodes inhabit the
alimentary canal of vertebrates and may involve
other organs such as liver, biliary tract, lung, and
urinary tract. Trematode infections are prevalent
worldwide [1-3].

There are three groups of trematodes:
Monogenea, Aspidogastrea, and Digenea.
Monogenea are external parasites of fish, with

direct life cycles.

Aspidogastrea are endoparasites with their entire
ventral surface as the adhesive organ.

Digenea are also endoparasites with simple adhe-
sive organs and require one or more interme-
diate hosts.

This chapter is focused on the Digenean trem-
atodes. Most Digenean trematodes, including
Fasciola species, Clonorchis sinensis, and
Schistosomes, primarily parasitize the liver and
intestines in the human host, with the exception
of Paragonimus westermani, which infect the
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lungs. These parasites have a complex life cycle,
involve a mollusk host, and may have up to six
larval stages. The trematode eggs have a smooth
hard shell, and majority of them are operculate.

6.2 Specific Pathogenic Parasites

6.2.1 Paragonimus westermani
Paragonimus westermani is the commonest spe-
cies of the genus Paragonimus, parasitizing both
humans and animals, causing pulmonary para-
gonimiasis. There are 16 species of Paragonimus
that are pathogenic to humans. The infection is
seen in the Far East including China, Japan,
Korea, Taiwan, Philippines, Indonesia, and parts
of Southeast Asia including India and Nepal [4].
Paragonimus sp. infection has been also reported
from Canada, North and Central America [5],
and parts of South America. Paragonimus africa-
nus has been reported from Nigeria, Libya,
Liberia, and Zaire [1-3].

The adult fluke is egg-shaped, thick, fleshy,
and red brown in color, measuring 7.5-20 mm
long and 2.5-5 mm thick. The body wall has a
thick tegument up to 40 um, two or more layers
of smooth muscle, and a row of tegumental cells.
There is a ventral and oral sucker and well-
developed ovary, testes, uterus, vitellaria, and
excretory bladder within the parenchyma. The
eggs are golden brown, oval with thick birefrin-
gent shell, and 80-120 um by 45-65 um, with a
flat operculum at one end (Figs. 6.1, 6.2, and 6.3).
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Fig. 6.1 Low magnification
photomicrograph of eggs of P.
westermani diagnosed in a
fine needle aspiration biopsy,
using cell block preparation.
The eggs are surrounded by
inflammatory cells and have
thick shells (Photograph
courtesy of Dr. Rodolfo
Laucirica, Department of
Pathology, Baylor College of
Medicine, Houston, Texas)

Fig. 6.2 Higher magnification of a P. westermani egg
showing thick birefringent shell wall and a flattened oper-
culum at one end (Photograph courtesy of Dr. Rodolfo
Laucirica, Department of Pathology, Baylor College of
Medicine, Houston, Texas)

The adult worms live in pairs or triplets in the
respiratory tract of humans, encapsulated within
acyst. Eggs laid by the worms are either coughed
up or swallowed and excreted in the feces. In
the external environment, the eggs become

embryonated, hatch in 2-3 weeks, releasing a
ciliated miracidia, and seek the intermediate
host, the snail. Within the snail, the miracidia
develop into the cercariae, which invade the sec-
ond intermediate host, a crustacean such as a
crab or crayfish evolving into the metacercariae,
the infective stage for mammalian host. Human
infection occurs by eating inadequately cooked
crab or crayfish. Human infection can also occur
from ingesting raw or partially cooked meat of
infected pigs and dogs. Once ingested, the meta-
cercariae excyst in the duodenum, penetrate
through the intestinal wall into the peritoneal
cavity, and migrate through the diaphragm into
the thoracic cavity and lungs, where they become
encapsulated and develop into adults. Most adult
worms die in 5-6 years, but some may live for up
to 20 years. P. westermani requires encapsulation
of two or three worms for insemination; there-
fore, when they are single, these worms migrate
extensively in the thoracic cavity to find a mate,
producing much inflammation. P. pulmonalis
prevalent in Japan, Korea, and Taiwan is parthe-
nogenetic and does not require another worm for
insemination [1].

6.2.1.1 Clinical Manifestations

The clinical manifestations of paragonimiasis are
nonspecific, and some patients may be asymp-
tomatic. With heavy infection, patients develop
cough, dyspnea, chest pain, fever and night
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Fig. 6.3 P. westermani egg
seen with Giemsa-stained cell
block preparation of the fine
needle aspirate of lung
(Photograph courtesy of Dr.
Rodolfo Laucirica,
Department of Pathology,
Baylor College of Medicine,
Houston, Texas)

sweats, and hemoptysis. Bronchitis and bronchi-
ectasis may develop over time. Peripheral eosino-
philia of up to 25 % may be seen. Chest X-rays
may show diffuse infiltrates, consolidation, nod-
ules, pleural effusion, or empyema. The disease
clinically resembles pulmonary tuberculosis. The
active infection with nodules can be mistaken for
malignancy on positron emission tomography
with computed tomography scans (PET-CT)
[6, 7]. There may be dissemination of infection to
the brain, heart, abdominal cavity, and subcuta-
neous tissue, with patients presenting with
unusual clinical manifestations [8].

6.2.1.2 Pathology

The pathologic changes depend on the degree of
infestation, host immunity, and duration of infec-
tion. In the lungs, there is local suppurative
inflammation surrounding the adult worm and
eggs, with abundant plasma cells, neutrophils,
eosinophils, macrophages, and foreign body
giant cells. Older lesions may not show the para-
sites, but have a thick fibrous wall and chronic
inflammatory infiltrate, and calcifications [1].
Since many worms lodge near the large bronchi-
oles or bronchi, the inflammatory reaction is
mostly around the airways, and the cysts may
rupture and discharge eggs into the airways; there

is often pleural inflammation, thickening, and
fibrosis, associated with the invasion of the
worms during migration. Fine needle aspiration
(FNA) of lung lesions and pleural fluid or pleural
biopsy may yield the characteristic eggs of
P. westermani, surrounded by inflammatory cells.
Figures 6.1, 6.2, and 6.3 show a cell block pre-
pared from a lung FNA. The eggs of P. wester-
mani have a flattened operculum at one end, a
birefringent cell wall, and appeared to be
embryonated.

6.2.1.3 Diagnosis

The suppurative inflammation and hemoptysis
may be mistaken for bacterial pneumonia, pul-
monary tuberculosis, and other parasitic infec-
tions, such as strongyloidiasis and dirofilariasis.
Diagnosis depends on finding the characteristic
ovoid, brownish, thick-shelled, and operculated
eggs in the sputum, pleural fluid, and/or feces.
Fine needle aspirate of the nodule may yield the
eggs or parasite for a definitive diagnosis [9].
Serologic tests, particularly ELISA, are useful
for diagnosis [10]. Recently, loop-mediated iso-
thermal amplification (LAMP) assay has been
used to provide a rapid and sensitive tool for
detection of P. westermani DNA in sputum and
pleural fluid [11].
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6.2.2 Schistosomiasis

Schistosomiasis is infection of humans by trema-
todes belonging to the Schistosoma superfamily
of trematodes. There are three main species
pathogenic to humans, S. mansoni, S. japonicum,
and S. haematobium, and three additional species
that are less common with restricted geographic
ranges. An estimated 200 million people in
Africa, the Americas, and the Far East are
infected with Schistosomes. Humans in these
areas have been affected for many millennia; cal-
cified ova have been found in the remains of
Egyptian mummies. S. mansoni is the only spe-
cies found in the Western Hemisphere, in Brazil,
West Indies, and Puerto Rico. S. japonicum is
found in Asia, including the Philippines and
China. S. haematobium is found throughout most
of Africa, southern Europe, and western Asia. In
the USA, approximately 400,000 people are
infected, primarily immigrants from other
endemic countries [1, 12].

The Schistosomes are the only trematodes that
live in the bloodstream of warm-blooded hosts.
They differ from other trematodes in having sep-
arate sexes. The male worm resembles a rolled
leaf and harbors the female in the ventral canal
(the gynaecophoric canal). They require defini-
tive and intermediate hosts to complete their life
cycle [1]. Lung involvement is seen in infections
with S. mansoni, S. japonicum, and S. mekongi.

6.2.2.1 Life Cycle

Adult worms of S. mansoni and S. japonicum live
in the venous plexuses draining the rectum and
colon, anterior mesenteric vessels, and portal
vein, while those of S. haematobium live in the
vesical plexus draining the urinary bladder. Since
S. haematobium infection of the lung is not
reported, we will focus on the other two
Schistosome species in this chapter.

The eggs laid by the female worm enter the
intestinal lumen from the vessels by a process of
extrusion through the venule wall and pass in the
feces. Once the eggs reach freshwater, they hatch,
releasing a miracidium which enters a snail, and
start asexual multiplication, with release of cer-
cariae in the water. Humans are infected when the

cercariae penetrate the skin, enter circulation to
reach the portal vein in the liver, and mature into
adult worms. The majority of adult worms live
2—4 years, but some may live longer. The adult
males of the S. mansoni and S. japonicum are up
to 15 mm, and females are up to 10 mm in length,
and both have oral and ventral suckers. The adults
of S. japonicum are longer and narrower. The
eggs of S. mansoni are 114-175 um long and
45-68 um wide, yellowish brown, and have a lat-
eral spine, with an acid-fast shell when stained
with Ziehl-Neelsen stain. The eggs of S. japoni-
cum are smaller measuring 55-85 um by
40-60 um and oval with a lateral spine.

6.2.2.2 Clinical Manifestations

Clinical manifestations of both S. mansoni
and S. japonicum are related to the host reac-
tion to the eggs, with formation of granulomas
in the infected tissues. Heavy primary infec-
tion can cause high fever, hepatosplenomegaly,
lymphadenopathy, eosinophilia, and dysentery
(Katayama syndrome) and correlates with tissue
migration of the worms. Chronic infection may
be associated with diarrhea, weight loss, anemia,
hepatosplenomegaly, portal hypertension, and
ascites. Asymptomatic infections are common
in most endemic areas [1, 12]. Pulmonary infec-
tion results from embolization of large number of
eggs into the pulmonary vasculature with devel-
opment of pulmonary hypertension, hemoptysis,
cyanosis, and congestive heart failure. These
complications occur in approximately 5 %, a
small minority of schistosomiasis cases, and
reportedly more common with S. mansoni infec-
tion [12]. The presence of hepatic infection and
portal hypertension with portocaval collaterals
is necessary for the development of pulmonary
symptoms. Heavy infection of the lung may be
associated with granulomatous pulmonary arte-
ritis [13, 14].

6.2.2.3 Pathology

During active infection, granulomas at different
stages of evolution may be seen in the colon,
liver, and in the lungs. Early granulomas, both in
the lung and in pulmonary arterioles, have many
eosinophils, macrophages, and epithelioid cells,
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Fig. 6.4 Photomicrographs
(a) (low magnification) and
(b) (high magnification) of
composite granulomas seen in
the hepatic portal tract. The
calcified eggs are surrounded
by chronic inflammatory cells
and fibrosis. Lung infections
show similar histologic
features (Photographs
courtesy of Dr. Juan Olano,
Department of Pathology,
University of Texas Medical
Branch, Galveston, Texas)

with the mature miracidium or the egg present in
the center. On an average, the granulomas are
250-375 um in diameter. Pulmonary arterioles
may show microthrombi, necrotizing arteriolitis,
medial hypertrophy and hyalinization, and inti-
mal thickening. Severe pulmonary hypertensive
changes including plexiform lesions may develop
[1]. S. mansoni granulomas are scattered and dis-
crete, up to 550 um in diameter, and contain a
single egg, while the S. japonicum granulomas

form composite granulomas containing more
than one or clusters of eggs in the center
[1, 14-18].

Figure 6.4 shows multiple composite granulo-
mas surrounding clusters of calcified eggs within
liver portal tracts. There is fibrosis of adjacent
hepatic tissue. Similar granulomas are seen in
lung infections. The composite granulomas are
seen in S. haematobium and S. japonicum
infections.
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6.2.2.4 Diagnosis

Diagnosis is based on the history of exposure and
travel to endemic areas. Definitive diagnosis of
schistosomiasis can be made by finding the char-
acteristic eggs in the feces or urine, using concen-
tration method if necessary. The eggs need to be
measured to determine the species. When eggs
cannot be found with the concentration method, a
rectal biopsy may be required. Tissue diagnosis
depends on finding the typical eggs or parasite.
The eggs of S. mansoni and S. japonicum are
acid-fast positive and those of S. haematobium
are negative with modified Ziehl-Neelsen tech-
nique [1]. Serologic tests using ELISA can be
diagnostic. A loop-mediated isothermal amplifi-
cation (LAMP) assay may be used for detection
of S. japonicum DNA in serum [19].
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