Sci Vis 17 (2), 94-103 (2017)

1995
=

Research

Review

sciencevision.org

OPEN £, ACCESS

The making of oncology: The trinity of true carcinogenic

worms

K. Lalchhandama

Department of Zoology, Pachhunga University College, Aizawl 796001, Mizoram, India

Received 6 March 2017

Three flukes, Schistosoma haematobium (urinary blood fluke), Clonorchis sinensis (Chinese
liver fluke), and Opisthorchis viverrini (Southeast Asian liver fluke) are, by official decree,
Group 1 (fully proven) human carcinogens. Thus, they comprise a group of preventable car-
cinogens. But considering the situation of prevailing infection, from the lifestyle and food
habits of people in the endemic regions, it is unlikely that they are eradicated in the near
future. S. haematobium is transmitted by snails and infection is acquired from snail-infested
water. C. sinensis and O. viverrini are both transmitted from eating fish. As medically impor-
tant flukes, it is crucial to understand their biology, and this is an attempt to explain that in
the light of the history of their discovery. Further, this is written with a hope that several facts,
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often erroneously presented in scientific literature, about these flukes are rectified.
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Urinary Blood Fluke

Schistosoma haematobium Weinland, 1858
(originally Distomum haematobium Bilharz, 1851),
is the only species of fluke that inhabits the uri-
nary tract of humans. It is found in the Middle
East, India, Turkey, North Africa and sub-
Saharan Africa. All species of Schistosoma are
very similar in structure and pathological behav-
iour. As member of Schistosoma, an adult worm
is monoecious, but with distinct male and fe-
male bodies; hence, it has a split body (Figure 1).
In fact, the generic name is a combination of
Greek words ox({ona, (schisma) meaning split,
and couo (sdma) meaning body. The adult male
and female pair lives as an individual in copula

(bonded pair). The male forms the flatworm
part, measuring 10-18 mm in length and 1 mm
in width. It bears oral and ventral suckers to-
wards its anterior end. Its leaf-like flat body is
curled up from both sides to form a channel or
groove called gynaecophoric canal in which the
female is wrapped up. Thus, it gives the general
appearance of a cylindrical roundworm body.
Only the extreme anterior and posterior ends of
the female are exposed. In contrast to the male,
a female exhibits every feature of a roundworm.
It is cylindrical and elongated, measuring about
20 mm in length and 0.25 mm in width. Its
pathogenic armament, the eggs are oval-shaped,
measuring 144 x 58 pm in diameter, with char-
acteristic terminal spine (Figure 2). This is an
important diagnostic tool because co-infection
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Figure 1 | Adult S. haematobium. A larger male en-
closes the smaller roundworm-like female.

with S. mansoni (having a lateral-spined eggs) is
common.

The miracidium (from the Greek word
ueLp&xLov, meirakion, meaning youth) is also
pear-shaped, and gradually elongates as it ages.
It measures about 136 ym long and 55 ym wide.
The body is covered by anucleate epidermal
plates separated by epidermal ridges. The epi-
dermal cells give off numerous hair-like cilia on
the body surface. Epidermal plate is absent only
at the extreme anterior called apical papilla, or
terebratorium, which contains numerous sen-
sory organelles. Unlike other flukes, schisto-
somes do not possess sensory organs called eye-
spots. The most prominent organs are an apical
gland and a pair of penetration glands, both of
which open near the terebratorium. The rest of
its internal body is almost fully filled with glyco-
gen particles and vesicles.?!

The ceraria has a characteristic bifurcated
tail, classically called furcae (Latin for fork);

Figure 2 | Comparison of schistosome eggs. (A) S.
haematobium with terminal spine, (B) S. mansoni with
lateral spine, and (C) S. japonicum with spherical shape
and minute lateral spine (arrow head).

hence, the name (derived from a Greek word
xépxog, kerkos, meaning tail). The tail is about
0.2 mm long and 47 ym wide, somewhat loosely
attached to the main body. The body is pear-
shaped and measures 0.24 mm in length and 0.1
mm in width.Pl Tts tegument is fully covered
with spine. A conspicuous oral sucker is at the
apex. As a non-feeding larva, there are no elabo-
rate digestive organs, only oesophagus is dis-
tinct. There are three pairs of mucin glands con-
nected to laterally to the oral sucker at the re-
gion of the ventral sucker.MIl

Life cycle

While other schistosomes release their eggs
in the intestines to be excreted along with the
faeces, S. haematobium release their eggs in the
urinary tract and excrete along with the urine.!
Then the rest is quite similar (Figure 3). The
eggs can only survive in stagnant freshwater. In
a good water condition, an osmotic pressure
stimulates the eggs to hatch within 15 minutes
into miracidia. Using their cilia, the miracidia
actively swims searching for an intermediate
host—snail. They must act fast because if they
fail to find a snail within 24-28 hours, their food
(glycogen) reserve runs out and will die. Species
of snail belonging to the genus Bulinus, including
B. globosus, B. forskalii, B. nyassanus, and B. trunca-
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Figure 3 | Life cycle of S. haematobium. (Adapted from https://www.cdc.gov/parasites/schistosomiasis/

biology.html)

tus, can harbour the miracidia. The miracidia
simply pierce through the soft skin of the snail
and move to the liver. In the snail tissue, they
lost their cilia and extra-epithelial covering
within 24 hours. Then they transform into
sporocysts that undergo active cell division after
two weeks. The mother sporocyst produces
many daughter sporocysts. Each daughter
sporocyst gives rise to new fork-tailed larvae
called cercariae. After a month, the sporocysts
rupture liberating free cercariae, which leave the
liver and penetrate out of the snail into water.
From one mother sporocyst, half a million cer-
cariae are produced. Each cercaria has a biforked
tail with which it swims to find a human host.
Again the cercariae are short lived and can sur-
vive in water for 4-6 days unless they find a hu-
man host.”
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When human comes in contact with an in-
fested water, most commonly during bathing,
the cercariae attach themselves on the skin us-
ing their suckers. After proper orientation, they
start piercing the skin by secreting proteolytic
enzymes that widen the skin pores. This process
takes about 3-5 minutes and produces itching,
but by then, they have penetrated the skin.
Their tails are dislodged during the penetration
such that only the head parts enter. They con-
tinue the piercing process until they enter the
blood vessels. They are now known as schiso-
tomulae. They enter the systemic system to
reach the heart and then the liver, and along the
way many are killed by the immune cells. Survi-
vors enter the liver within 24 hours. From the
liver they enter the portal vein to reach different
parts of the body. Unlike other species again, the
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schistosomulae of S. haematobium reach the vesi-
cal vessels through anastomotic channels be-
tween radicles of the inferior mesenteric vein
and pelvic veins. After living inside small
venules in the submucosa and wall of the blad-
der, they migrate to the perivesical venous
plexus (a group of veins at the lower portion of
the bladder) to attain full maturation.®

Individuals sort out opposite sexes. The fe-
male body becomes enveloped within the rolled-
up gynaecophoric canal of the male; thus, be-
coming partners for life. Sexual maturation is
attained after 4-6 weeks of initial infection. A
female generally lays 500-1,000 eggs in a day.”!
The female only leaves the male briefly for lay-
ing eggs. It has to because only it can enter the
small and narrow peripheral venule in the sub-
mucosa so that the eggs can be released into the
bladder. The embryonated eggs penetrate the
bladder mucosa using proteolytic enzymes,
aided by their terminal spines and by the con-
traction of the bladder. The enzyme is a toxin
specifically for damaging (necrosis) the tissue.
Under normal situation, the eggs released into
the bladder do not cause pathological symp-
toms. But eggs often fail to penetrate the bladder
mucosa and remain trapped in the bladder wall;
it is these which produce the lesions by releas-
ing their antigens and provoking granuloma for-
mation. Granulomata in turn coalesce to form
tubercles, nodules or masses that often ulcerate.
This is the condition behind the pathological
lesions found in the bladder wall, ureter and
renal; and also tumour, both benign and malig-
nant.PI% The fluke continouocsly lays eggs
throughout their life. An average lifespan is 3-4
years.[tY

The Chinese (Oriental) Liver Fluke

Clonorchis sinensis Looss, 1907 (originally Dis-
toma sinense Cobbold, 1875), is a hermaphrodite
fluke, housing complete male and female repro-
ductive systems in one body (Figure 4). An adult
fluke is leaf-shaped, dorso-ventrally flat, trans-
parent, and measures about 10-22 mm long and
3.5 mm wide.'” It is obtusely elongated with a
round posterior. It tapers gradually towards the
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Figure 4 | Adult C. sinensis. (From Sripa et al. (2007).
PLoS Medicine 4(7): e201. doi:10.1371/
journal.pmed.0040201) CC-BY-2.5
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Figure 5 | Egg of C. sinensis. x 400 (https://
www.cdc.gov/dpdx/clonorchiasis/index.html)
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anterior end, which terminates with a circular
opening called oral sucker, which acts as both
the mouth and a holdfast organ. The mouth
leads to a short pharynx, which in turn opens
into oesophagus. Its brain (central nervous sys-
tem) consists of two cerebral ganglia attached
behind the pharynx. A transverse commissure
connects the two ganglia. There are four pairs of
nerves projecting anteriorly and three pairs pos-
teriorly from each ganglion. The anterior nerves
contribute to the pharynx and to the formation
of the circum-oral ring around the oral sucker.
The posterior nerves contribute to the innerva-
tion of the ventral sucker, the gut, the reproduc-
tive organs and the excretory bladder.'®! The
oesophagus bifurcates and extends into two in-
testinal caeca, running on both sides throughout
the length of body, and open into a common
excretory pore at the posterior end. A small ven-
tral sucker (or acetabulum) lies at about one-
fourth of the body length form the oral sucker. A
common genital pore opens just in front of it.
The long and folded tube of uterus is the most
distinct reproductive organ, running from the
genital pore up to the ovary. A single rounded
ovary lies slightly posterior to the centre of the
body. The uterus and seminal ducts from the
testes meet and opens at the genital pore. There
are two testes towards the posterior end, one in
front, and one behind. They are highly branched
(dendritic). The yolk factory, vitellaria (or vitel-
line glands) are distributed on either side of the
body.[14][15][16]

The eggs are similar to those of other related
flukes such as Opisthorchis viverrini and O. fe-
lineus, and are often confused during diagnosis.
They are small and oval in shape, measuring
about 30 x 15 um in diameter (Figure 5). They
are sharply curved and with a clear convex oper-
culum (lid-like structure) towards the narrower
end. At the broader end is a stem-shaped abop-
ercular knob. The larva called miracidium can be
seen inside the fertilised egg."”! In contrast to
schistosomes and other flukes, there is no free-
living miracidium for C. sinensis. There is also
formation of a worm-like rediae (named after
the 17th-century Italian physician Francesco
Redi). Further, the cercaria is structurally dis-
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tinct, having an unforked tail with a fin fold,
eyespots, excretory canal, rudimentary acetabu-
lum, and oral hooks.['81l*]

Life cycle

C. sinensis exhibits a complex life cycle, re-
quiring three different hosts—fish-eating mam-
mals including humans as the definitive hosts,
snails as the first intermediate hosts, and cypri-
nid fish as the second intermediate hosts
(Figure 6). Living in the human bile duct, the
flukes release their eggs through the biliary
tract, and are passed into the intestine. From
there the eggs are excreted out along with the
faeces. The fully-developed miracidium is visible
inside the egg.”! In contrast to other flukes in
which the miracidia hatch in water bodies and
swim in water to penetrate the body of a suit-
able host, the eggs of C. sinensis are simply de-
posited in water. Eggs remain viable for more
than three months in an external environment.
The eggs are then eaten up by snails.'®! A num-
ber of freshwater snails can harbour the first
larvae, including Alocinma longicornis, Bithynia
longicornis, B. fuchsiana, B. misella, Parafossarulus
manchouricus, P. anomalospiralis, Melanoides tuber-
culata, Semisulcospira cancellata, S. amurensis, S.
libertina, Assiminea lutea and Melanoides tubercu-
lata.12Y

Upon reaching the snail's stomach, the em-
bryonic membrane is dissolved by the snail's
digestive enzymes that facilitate the miracidium
to hatch within one hour. The cilia-covered
miracidium can move about, penetrating the
intestine, enters the haemocoel and digestive
gland. Here, it undergoes metamorphosis into a
sporocyst within four hours of infection. For
three weeks, the sporocyst divides to give rise to
numerous smaller larvae, 20 to 50 in number,
called rediae. Each redia produces nearly 50 lar-
vae called cercariae.” The mature cercariae
break out of the redia and actively bore out of
the snail body into the freshwater environment.
But they are non-feeding and must find a fish
host within 2-3 days till their glycogen reserve
last, otherwise they die.l*?!

The cercariae of C. sinensis are different from
those of other flukes in that they do not actively
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swim. Instead, they initially hang upside-down
in the water, and then sink to the bottom. They
swim to the water surface to resume their initial
position, and the movement is repeated in cycle.
When there is any disturbance in the immediate
surrounding by a fish, then they start to attack.
They attached themselves on the fish scales us-
ing their suckers. More than 100 freshwater cy-
prinid fish act as second intermediate hosts,
including common carp (Cyprinus carpio), grass
carp (Ctenopharyngodon idellus), crucian carp
(Carassius carassius), goldfish (Carassius auratus),
pond smelt (Hypomesus olidus), etc.”I* Boring
their way into the fish body, the cercariae reach
the muscle within 6 to 13 minutes. They cast off
their tails while penetrating, and start secreting

Metacercariae in flesh or
skin of fish are eaten by

4

P

human

Free-swimming cercariae
infect fish

©

Eggs are ingested
by snail

Cercaria

® @ @

Figure 6 | General life cycle of C. sinensis/O. viverrini. (Adapted from https://www.cdc.gov/parasites/clonorchis/

Miracidium Sporocyst

D

biology.html)

~ excreted in faeces

a viscous fluid over their bodies. Within an hour
of penetration, the fluid secretion gradually
hardens to become the cysts. Encystment is ac-
tually a sequential process: after 18-23 hours a
transparent vacuole (the vacuolation process)
surrounds the body, the vacuole is replaced by
an opaque layer that forms the primary cyst
layer; the outer secondary cyst layer is formed
as result of local tissue interaction with the host.
This protective cyst proves useful when the fish
muscle is consumed by a host. The fully en-
cysted larvae are oval-shaped and are called
metacercariae and are infective to the final
hosts after 45 days.[*"

The definitive host acquires the metacer-
cariae from eating raw or undercooked fish. Fish

,ﬁ. = Infective stage
A = Diagnostic stage

Excystment in
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99


https://en.wikipedia.org/w/index.php?title=User:Chhandama/sandbox&action=submit#cite_note-23
https://en.wikipedia.org/w/index.php?title=User:Chhandama/sandbox&action=submit#cite_note-24
https://en.wikipedia.org/w/index.php?title=User:Chhandama/sandbox&action=submit#cite_note-adams16-15
https://commons.wikimedia.org/wiki/File:Schistosoma_life_cycle.svg
https://www.cdc.gov/parasites/clonorchis/biology.html
https://www.cdc.gov/parasites/clonorchis/biology.html

Sci Vis 17 (2), 94-103 (2017)

-eating animals constitute the cohort of defini-
tive hots, including mammals such as humans,
cats, rats, dogs, pigs, tigers, civets, and camels;
as well as birds, such as night heron. Unlike
most flukes in which the cysts of the metacer-
cariae are digested by the host’s digestive en-
zymes to liberate the metacercariae, C. sinensis
metacercariae simply burst up the cysts by their
own effort in the lumen of the small intestine.
The larvae can be seen in the cyst to make ro-
tary movements, and during excystment they
creep about in a leech-like fashion using their
suckers. This is facilitated by a raise in tempera-
ture.®I®l Again in contrast to most helminth
parasites, C. sinensis larvae do not penetrate the
intestinal lumen to invade other organs, but in-
stead travel through the commeon bile duct from
the duodenum.?! They get attached to the mu-

B

Figure 7 | Adult O. viverrini. (https://www.cdc.gov/
dpdx/opisthorchiasis/index.html)
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cosal wall using their suckers, and find their
way towards the opening of the common bile
duct. Within six hours, they occupy the bile
duct,” and by 48 hours all have migrated into
the biliary tree. The natural habitats are mainly
the hepatic ducts, some lodge in the gall blad-
der, and rarely they occur in the pancreas and
duodenum. They feed on the secretions from the
mucosa of the bile duct.””! They become sexually
mature in 26 days and start laying eggs.”®l As a
monoecious species, they reproduce by self-
fertilisation. An individual fluke can produce
4,000 eggs in a day.P% The average lifespan of an
adult is 30 years.[**IY

The Southeast Asian Liver Fluke

O. viverrini Poirier, 1886, resembles C. sinensis
and O. felineus in most aspects. The principal
differences are smaller size (7 mm long and 1.5
mm wide) and lobed testes (Figure 7), which are
highly branched (dendritic) particularly in C.
sinensis (compare with Figure 4).°23 The first
diagnostic distinction was worked out by Robert
Thomson Leiper in 1915.P4

Eggs of O. viverrini measures 26.7 pm in
length and 15 pm in width, and have well-
developed operculum of about 5-6 pm in diame-
ter. The miracidium is pear-shaped, 32 pm long
and 17 pm wide. A mature sporocyst is 1.1 um
long and 0.65 pm wide.™ Redia is elongated, up
to 0.8 mm, sausage-shaped, narrow, and sac-
like. The tegument of the anterior part is cov-
ered with dense microvilli, and the rest is cov-
ered with reticular structure. An oral aperture
opens at the anterior end.® There are 15 devel-
oping ceraciae inside each redia.P"

The cercaria is 532 pm long. Its body is about
100-250 pm long and 33-68 pm wide. The body
surface is covered with numerous minute spines
and has seven pairs of sensory hairs on either
side. An oral sucker is well developed but a ven-
tral sucker is rudimentary. A pharynx is flanked
by two eyespots. There are seven pairs of pene-
trating gland cells occupying the central region.
An excretory channel is present at the posterior
end. The tail is approximately double the length
of the body, measuring 360-475 pm. It is 16-29
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pm wide and is provided with lateral fins. A cau-
dal excretory tube runs along the centre of the
tail.?”l The free metacercaria is elongated and is
320-820 pm long and 100-140 ym wide. The en-
tire body, excluding the area around suckers and
posterior extremity, is armed with spines. Oral

and ventral suckers are prominently developed.
[36]

Life cycle

O. viverrini follows the general pattern of de-
velopment and transmission as that of C. sinen-
sis. But the first intermediate hosts are freshwa-
ter snails belonging to the species complex of
Bithynia siamensis, in which the eggs hatch. De-
velopment in the snail takes about 8 to 10
weeks, and the complete life cycle lasts for 4-4.5
months.P*l There are about 20 species of fish
that can act as second intermediate hosts.C8l2
In the definitive host, the adult flukes inhabit
the bile duct, gall bladder, and sometimes the
pancreatic duct. Despite being hermaphrodites,
they preferentially reproduce by cross-
fertilisation (two individuals exchange their
gametes).” An individual fluke may lay as many
as 3,160 eggs in a day (the number is 2,830 in
cats, and 2,353 in rabbits),* with the number
ranging from 2,000-4,000.*Y1 The exact lifespan is
not known, but is estimated to be more than 25
years.[*
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