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The making of oncology: The trinity of true carcinogenic

worms
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Three flukes, Schistosoma haematobium (urinary blood fluke), Clonorchis sinensis(Chinese
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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
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habits of people in the endemic regions, it is unlikely that they are eradicated in the near
future. S. haematobiumis transmitted by snails and infection is acquired from snail-infested
water. C. sinensisand 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, 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 0 ¢ a 0 & Wchisnfa) meaning split,
and 0 ¢ (sonfa) 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 | AdultS. haematobiumA larger male en-
closes the smaller roundworiiike female.

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

The miracidium (from the Greek word
¢ Us ) Y o oamenakion, meaning youth) is also
pear-shaped, and gradually elongates as it ages.
It measures about 136 em long and 55 em 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 eg¢4)S.
haematobiumwith terminal spine, (B%. mansoniith
lateral spine, and (3. japonicunwith spherical shape
and minute lateral spine (arrow head).

hence, the name (derived from a Greek word
9 ¥ } 9 ekbrkos, meaning tail). The tail is about
0.2 mm long and 47 em 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.Bl Its 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.ll!

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.l
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 db. haematobium(Adapted fromhttps://www.cdc.gov/parasites/schistosomiasis/

biology.htm)

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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