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Nematode
General characters;

1- Unsegmented worms. They are elongate and cylindrical or filiform in appearance, both ends are
pointed.

2- The sizes show agreat variation.

3- Thebody is covered with a cuticle.

4- Thereis body Caity (pseudocoelomate) in which the various organs are located such as digestive,
genital, excretory and nerve systems.

5- The alimentary cana is complete consisting of an ora cavity, mouth, oesophagus, intestine and
anus.the oral cavity may have teeth or cutting plate.

6- All the nematodes of man are separate sexes.

Reproductive systems:

The male genital system:consist of a long tube which can differentiated into testis, vas deferens,
seminal vesicle and gjaculatory duct. The genital duct forms a common passage with intestine known
as cloaca. Accessory copulatory organs such as spicule and gubernaculum, are also present.

The female genital system consist of a single or double tubes. Each part of the tube is differentiated
into ovary, oviduct, seminal receptacle, uterus, vagina and vulva. The female genital pore opens either
in the middle of the body or nearthe mouth.

Mode of infection of nematode parasite:

1- By ingestion of egg (embryonated or non embryonated) contaminating food or drink( Enterobius
vermicularis)

2- By penetraton of the skin Ancylostoma deudenale

3- By blooding sucking insects Wuchereria bancr ofti

4- By unhalation of infected dust (Enterobius vermicularis)

Terms used in the nematodes
Cuticle: an outer hyaline, non-cellular layer forming the integument of nematodes

Cervical aea:wing like expansion of the cuticula near mouth
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Cervical papillae: protuberances <! siof cuticula near oesophagus

Hacmonchus davger (1-3 com) worms, basber pole
appearance, cervical papillac prosent.

Buccal capsule when the oral 4~3gperture leads to a mouth cavity, it may contain teeth or cutting
organs

Lateral view of an adult Aucylestoma caninam from a dog's
small ntestine

Buccal capsule

AScyVesis e dvodare’s Necatm® ATIENGINGE

Male Renroductive Svstem ejaculatory duct
intestine

Testks T ——— :
Produoction of spematognnia - sphincters
Seminnl vesicle
Storege of sperme GE mating rectum g
Vas Deferens | ;
:;nﬁ;:g- for q:nms. merges with intestine cloaca
Cloaca f ) | spicule sheath
Coosmon tube for digestive and 9 ) :
reprodoctive systems Ik Z spicule
Cloacal aperture
Comamon opening for both systems " —
Spicules )
Sclemotized, a parr, movabde, mating organ 11— cuticle
Gubernaculum o
Flate-like, not movahle, guides the | "
movement of spocules
rsa - i i
Esternal euticulur extendons an loteend side, & pais, A genitalpapilae —
leptoderan e pdodenan, hodd female durkag mating S ‘

rectal gland

0
0




Nagham Y. Al-Bayati Parasitology lec.:13

Filariform larva: the larva has long oesophagus and its posterior end not like Flésl ) dlasbulb
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Spicule: represents the accessory copulatory organ it is rodl<c like

Copulatory bursa: an umbrella like expantion of cuticle surrounding the cloaca of the male nematode
of some species. It is supported by fleshy rays comparable with the 4=3l | ¢ SLalribs of umbrella.

Nematodes - cuticle modifications
copulatory bursa

Lateral lobe

Dorsal lobe Dorsal ray

duct of ghasmid ~
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Trichinella spiralis
Geographical distribution:

Common in Europe and united state, also reported from some parts of Africa, chinaand Syria. Natural
human infection with this helminth has been reported in India.

Habitat:

The adult lives in the small intestine of human, pig, rats, bear, fox, dog, cat and white whale. The
larval stages live in striated muscles of the above host.

Morphology:

Adult worm it is one of the smallest nematodes infecting man. The male is shorter than female. The
spicule and copulatory sheath are lacking, but at the tail end, there are two papillae on either side. The
female is much longer than male . The female is discharge embryos instead of eggs.

Larvae; they remain encysted in striated muscle of the host. Inside the cyst the larva continues to
devlop up to the stage of sexes differentiated anf when fully grown it becomes ten times its original
size

Encapsulation of the larva begins about the 21% day and completed within 3 months. A JSé s svan 2
JSill i sadd Als blunt ellipsoidal lemon shaped sheath develops as a result of host tissue reaction around
the larvathe calcification occurs after 6 to 18 month.

Trichinella spiralis- Morphology

Claspers
(Clasping
papillae )

Male
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Life cycleithe life cycle is passed in one animal (pig, rat or man) but transference of the host is
required for the preservation of the species from extinction. The animal (big) serves both as definitive
and intermediate host, two hosts are required to complete the life cycle. The parasite entrance into man
is unable to completeitslife cycle.

The adult worm lives for not more than 2-3 month and the males die after copulation. The female
enters to mucosa and submucosa of intestine and released larva which penetrates the intestine and
migrate with lymph and blood to the most part of the body especially the striated muscle which
supplied with an abundance of blood. The larvaimmediately develops and roll up to form spiral shape
larva and become infective. The blunt ellipsoidal lemon shaped sheath develops as a result of host
tissue reaction around the larva. The infection occurs when the host eats uncooked meat contain this
larva. (when this infection occurs in man it is unable to complete, but when it occurs in pig or rat it
able to complete by eat the scrapl:s: of animals or uncooked meat).

LifeCycle
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Pathogenicity:

The symptom are include:

1- Stage of intestine invasion (incubation): thisis the period (5-7 days) during the larva grow to adult.
The symptom include: abdominal pain, nausea, vomiting, fever)

2- Stage of larva migration: the invasion of muscle occurs from 7th to 10th day after infection.the
symptoms include: oedema of the eyelids and face (il sl gead 4 as sl 5 cpall 5 ) 58) and fever>

3- Stage of encystment: this occurs only in striated muscles swelling of the face and abdomen. The
death may happen in the second or third stages according to myocarditis.

Diagnosis can only done by demonstrating the larva in the muscle by biopsy or autopsy, serological
test and x- ray may used.

Trichuristrichiura: called whip worm

Geographical distribution:

Worldwide. Common in warm and moist regions.

Habitat : in large intestine of man particularly in _s=Ylcaecum
Morphol ogy:

Adult: the genera apprearance the worm like whip, the anterior end three —fifth is very thin and hair
like and the posterior end two fifth is thick like the handle of the whip.the whole anterior end consist
long oesophagus and embedded in the mucous membrane of the large intestine. The thick posterior end
consists the intestine and sex organs. Male its caudal extremity coiled ventrally. Female the caudal end
shaped like a comma.
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Eggs:

Brown (bile stained) has a double shell the outer layer is bile stained,barrel- shaped a mucous plug at
each end, the notembryonated when exist.

Life cycle: no intermediate host is required. The eggs come out of human host with the faeces and the
development proceeds slowly in water or damp earth depending on the environmental conditions. In
tropical climate a rhabditiform larva develops within the egg in the course of 3 to 4 weeks. In
temperate climate the larva takes a long time (6 to 12 months) to complete its development. The
embryonated eggs are infective to man. The man is infected when the embryonated eggs are
swallowed with food or water. The egg shell id dissolved by the digestive juices and the larva emerges
through one of the poles of the eggs. The liberated larvae pass down into the caecum, their site of
localization. They grow directly into adult worms and embed their anterior part in the mucosa of the
intestine. The worms become sexualy mature within a month from the time of ingestion of the eggs
and the gravid female beginsto lay eggs. The cycleis then repeated.

Trichuris trichiura (whip worm)

Fraotuns wonuras

Farise b

- Egg. barrel shaped
with 2 transparent
mucoid piugs (H.F)

Adult female 5 cm long, Adultmale 4 cm long.
larger than male, Posterior Postenor end is curved and
end is straight and blunt provided with 1 spicule
(magnifier) (magnifier)

Pathogenicity: infection with T. trichiura is known as tricuriasis. Usually the worms do not product y
pathogenic effect. The worms inhabiting the vermiform appendix may give rise to symptoms of acute
appendicitis. In heavy infections the patient often complains of abdomina pain, mucous diarrhoea
often with blood streaked stool and loss of weight.

Laboratory diagnosis; this is done by finding eggs by direct microsopical examination in stool. The
adult may be present in stool. Proctoscopy examination shows worm on the rectal mucosa.

Proper disposal of the night soil and prevention of eating the unwashed vegetables.


http://www.google.iq/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwieo7ey6ZnZAhVChqYKHW9nDl0QjRx6BAgAEAY&url=http://slideplayer.com/slide/7319680/&psig=AOvVaw093z0Nbq7A8TWb9pRyiMyN&ust=1518299701725414

Nagham Y. Al-Bayati Parasitology lec.:13

penctirate and

develop 1o
mucosa \
* Adults

e Humans A\

ingested G
Embryonated egg Eag in feces
1 - cell
stage
External
Environment

g g 2 - cell
advanced cleavage stage


http://www.google.iq/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi34v-WjaHZAhXG1ywKHVL5AFwQjRx6BAgAEAY&url=http://slideplayer.com/slide/3933233/&psig=AOvVaw2N0RLbgFT2Paa6NLfpmF2E&ust=1518549764106924

1 Parasitoloqy Lecture:2

Pathogenic Intestinal Amebae
Genus. Entamoeba histolytica (the parasite causing diarrhea and liver abscess in man)

Lambl (18590nfirst discovered the parasite. Losch (1875) proved its pathogenic nature. While
Schaudinn (1903) differentiated pathogenic and non-pathogenic type of amoeba .

Geographical distribution: The parasite is world-wide. More common in tropical and sub-tropical than
in temperate zone.

Habitat: Trophozoites and cyst of E. histolytica (the large race or the tissue invading forms) and cysts
live in the mucous and sub mucous layers of the large intestine .

Morphology: the structural character of the parasite can be studied both in stained (iodine and iron
haematoxylin) and unstained preparation there are two phase in the life cycle of the parasite:

(i)Fairly abundant in amoebic dysentery stools.

(ii) The size varies from 10-30u

(iii) The outline shows finger like pseudopodia.

(iv) Actively motile in nature.

The cytoplasm is

(1) Ectoplasm—yprominent;

(i) Endoplasm—findy granular

(i11)Vacuoles—scanty, spherical and defined with ingested RBCs

Nuclear membrane uniformly stained with chromatin; karyosome is central. In saline preparation the
nucleusisindistinct and small

Thecystis

(i) Size: 6-18u

(it) Chromatid body present with rounded ends and they are bar like.
(iii) Usually one or four nuclei are seen.

(iv) Nucleus not visible when unstained.
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E. histolytica
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Pathol ogy:

.1 Intestinal amebiasis (Primary lesion): Invasion of the wall of large intestine, — ulcer is flask
shaped. Complications: Amoebic granuloma (ameboma), appendicitis, intestinal perforation.

2 Extraintestinal amebiasis (Secondary lesions) occurs as a result of METASTASIS of
trophozoites to extra-intestinal organs and cause hepatic amebiasis (abscess); pulmonary amebiasis,
cerebral amebiasis; cutaneous amebiasis; spleenic abscess

Symptoms :
Acute amebiasis: Diarrhea, dysentery (stool containing blood
mucous and shreds of necrotic mucosa), acute
abdominal pain, and fever .

Chronic amebiasis. Recurrent attacks of dysentery, hepatomegally and weight loss
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Giardialamblia

* Disease: Giardiasis or lambliasis.
* Infective stage: Mature cyst with 4 nuclei.
* Site of infection: Small intestine.

* Life cycle: Includes trophozoites and cysts.
Trophozoites live in small intestine and
attach themselves to intestinal mucosa but
not invasive.

* Treatment: Flagyl

The trophozoites of G. lamblia are flattened pear shaped.
When stained, the trophozoite
1.has 2 nuclei, 2 slender median rods
2 .(axostyles), and 8 flagella arising
from the anterior end.

3 .The trophozoites have been described as
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looking like tennis rackets without the

handle.

4. They are often have a comica face-like appearance
when looking at the front view.

1.The cystsof G. lamblia are ellipsoid in shape .

2.They contain 4 nuclei which tend not to be obvious.

3.Longitudinal fibrils consisting of the remains of axonemes and parabasal bodies may also be seen .
4.Cysts may appear to shrink from the cell wall .

5.The cysts are infective as soon as they are passed.

Host: Humans ;

Residing site: small intestine

Infective stage: Cyst; Infective route: mouth
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Pathology: Atrophy and shortening of the villi. Possibly, the mucosal abnormalities are due to
mechanical, toxicity effect, and impaired absorption of vitamin B12. Uptake of bile saltsby Giardia
inhibits the digestion of fats by pancreatic lipase and this leads to Malabsorption syndrome (greasy
stool called STEATORRHEA) .

OR MAY BE The parasite attach itself on surface of epithelia cell of intestine and in heavy infection
may cause disturbance of intestinal function especially the absorbance of fat and vitamin B12

Marmphology of G lamhlio trophbazoite

TANACIS Wates ¥ ® 14 8 b (8 W B aP @ res T ety

Clinical symptoms:
Diarrhea
Vomiting
Flatulence
Mal absorption syndrome
Weight loss.
Diagnosis:
1-Examination of stool for trophozoite or cyst.
2-Duodena aspiration.
Prevention and control
1-Patients and carriers. should treat with Metronidazole (Flagyl)
2-Insect vector control (flies, cockroaches)
3-Personal hygiene and health education

Dientamoeba fragilis

Amoeboflagellate of the intestinal tract that is found only as trophozoite (no cyst). Has two nuclei;
resembl es trichomonads antigenically and ultrastructurally. Sometimes may ingest RBCs and produces
amoderate, persistent diarrheaand other gastrointestinal symptoms.
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The life cycle began when human ingest the troph with contaminated food and water . The
multiplication occur in intestine by binary fission then the troph exist with feces . Thw troph may be
transitted the eggs of some helminthes such Ascaris and Enterobius

Trophozoites in
human intestine
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Urogenital Flagellates

Trichomonas vaginalis has a worldwide distribution incidence is as low as 5%in norma female and
high 70% among and prisoners. It is closely related to T hominis in shape it can be distinguished by
having a short undulating membrane that extend only about half the distance to the posterior end of
the body. It have four anterior flagella and lateral flagellum attached by undulating membrane it is
pear shaped and has a single nucleus at the anterior end and two axostyle which run from the nucleus
down the center of the body and extends from the end of the body and Disease: Trichomoniasis,
Vaginitis, Urethritis, Prostatitis
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Site of infection: Vagina, urethra, prostate

Flagellate of the lumen of the urogenital tract- vagina, urethra, and prostate .

Only trophozoite stage known to exist (absence of cyst stage) .

One seventh of female patients complaint of symptoms; but detection rate in their husbands are low.

Mode of transmission: sexua contact with infected females or males, contaminated toilet articles
e.g. towels, toilet seats and infection acquired in babies while passing the birth canal at birth.

Lifecycle

The parasite lives in the vagina of women and the urethra (sometimes prostate) of men. Infection
occurs mainly by sexual contact. The parasite does not encyst and divides by binary fission .

Pathology the infection is rarely symptomatic in men, athough it may cause mild urethritis or
occasionally prostatitisln women, it is often asymptomatic, but heavy infections may cause mild to
severe vaginitis (complain of itching and burning sensation) with foul-smelling yellowish, sometimes
frothy discharge, and some areas become granular.

" Sexual intercourse )

Diagnosis and Treatment
1 .Clinically, symptoms of burning sensation, frothing discharge,
punctate lesions of the vagina.

2 .Parasitological-microscopic examination of motile parasites in fresh vaginal discharge and prostate
secretion.

3. Laboratory culture: allowing the parasites to multiply in numbers and increase chance of detection.
Treatment:
1 .Metronidazole (Flagyl) is effective in both males and females.
2 .Vinegar douches: this parasite lives poorly at pH below 5.

Control :
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Personal hygiene and the use of condoms are helpful.
Tissue and Blood flagellates

Blood and tissue flagellate of major clinical significant include members of genera Trypanosoma and
Leishmania. These two genera belong to the family Trypanosomatidae of the order Kintoplastida

.The member of this family are characterized of being parasitic and possess a single flagellum and a
DNA containing organelle called kintoplast which is located close to the flagellar basal body.

Hemoflagellates may be present in any of four different stages (amastigotes, promastigotes,
epimastigotes and trypomastigote) which are named according to their flagellum

Morphological types seen in various hemoflagellates of humans

flagellis

Amastigote Promastigote Epimastigote Trypomastigote

The amastigote forms (L eishman-Donovan body) are small, round or oval bodies and reside in
macrophages. The large nucleus (located in one side) and small kinetoplast can be seen when stained
with Giemsa stain. No free flagellum.

basal body

nuclens
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The promastigote stage (leptomonad) is a motile, slender organism with a single anterior flagellum
without undulating membrane and multiplies by longitudinal fission in the gut of the insect. The
kinetoplast located in the anterior end of the body

”~ ~N

( \, — flagellum

£ basalbody
fHF+— kinetoplast

nucleas

:. \j

The epimastigote forms (crithidia body) has a free flagellum with undulating membrane. The
kinetoplast located above the nucleus and basal body and extends to anterior end of the body

Epimastigote

The trypomastigote forms (tryposome) has a free flagellum with an undulating membrane that

extends along the body. The kinetoplast located behind the nucleus and basal body and extends to
anterior end of the body

Flagellum

Nuclsus —--,"

Fragellar packo
Kinetoplast
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Leishmania spp.

Leishmania donovani:Causes a disease called Visceral leishmaniasis, Kala-azar, Blackfever, or Dum-Dum fever.
Leishmania tropica: Causes a disease called Cutaneous leishmaniasis, Baghdad boil, or Delhi boil.

Leishmania brasiliensis: Causes a disease called Muco-cutaneous leishmaniasis.

Zoonotic parasites.

Visceralleishmaniasisis one of the 5 major parasitic diseases.

Both visceral and cutaneous leishmaniasis are endemic in south and middle of Iraq.

L)Y
Wi
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e

Leishmania promastigotes Leishmania amastigotes
(culture form) (Giemsa stain)

o .
5

Leishmania amastigotes, bone marrow aspirate (Giemsa
stain)

Human leishmaniasis is a group of diseases. These diseases are caused by infection with protozoan
parasites from the Leishmania genus. Most species of Leishmania are zoonotic (affecting animals and
human) many species of Leishmania are pathogenic for human. Leishmania donovani causes a
disease called Visceral leishmaniasis, Kala-azar, Black fever, or Dum-Dum fever.
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Leishmaniatropica: Causes a disease called Cutaneous leishmaniasis, Baghdad boil, or Delhi boil.
Leishmaniabrasiliensis: Causes a disease called Muco-cutaneous leishmaniasis or uta or chiclero.

Visceral leishmaniasis is one of the 5 major parasitic diseases. The geographical distributin of
leishmaniasisis limited by distribution of the sandfly, its susceptibility to cold climate, its tendency to
take blood from humans or animals only and its capacity to support the internal development of
specific species of Leishmania. Both visceral and cutaneous leishmaniasis are endemic in south and
middle of Iraqg.

life cycle of Leishmania parasites has two distinct forms, amastigote and promastigote .

The parasites are transmitted by the bite of sandflies (Phlebotomus) which carry the promastigote in
the anterior gut and pharynx .

During feeding, infected female sandflies inject the promastigotes into the skin of the host. When the
promastigotes are engulfed by the macrophages, they transform into amastigotes which multiply by
binary fission within the parasitophorous vacuol e of the macrophage until the infected cell ruptures .

The librated amastigotes infect other cells and the infection spreads by movement of infected cellsin
the vascular system. The sandfly takes the amastigotes during the blood meal which transform back
into promastigotes and multiply in the gut until the anterior gut and pharynx are packed .

The infected sandfly injects the promastigotes into a new host when it feeds. Dogs and rodents are
common reservoir hosts.

Iasect Cycle Human Cycle
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Hosts: Humans and sandflies

No sexua development in the host

Residing site: Macrophages

Infective stage: Promastigote for humans and amastigotes for sandflies
Infective route: Bite of sandfly

Reservoir host: Dogs and foxes

Other routes of infection: Blood transfusion

Cutaneous Leishmaniasis

Visceral Leishmaniasis

Mucocutaneous Leishmaniasis




14 Parasitoloqy Lecture:2

Symptoms:

In visceral leishmaniasis amasitoge located and multiply in the mononuclear phagocytic cells of the
liver , spleen ,lymph nodes, bone marrow, intestinal mucosa and other organs. The incubation period
may vary between 2 weeks and 18 months. The following symptoms can be seen:

1 -abdominal enlargement due to the enlargement of liver and spleen
2-fever which may be continuous, intermittent, or remittent and happens again at irregular intervals
3-hepatomegaly and splenomegaly

4-with progression of the disease, skin develops hyper pigmented granulomatous (kala azar means
black disease)

5-weight loss

6-anemia

7-untreat cases result in death
Cutaneous leishmaniasis

The incubation period is variable and may be a couple of months or aslong as 3 yearsin L tropica and
L athiopicainfectionin L major it is much shorter (about 3 weeks) .The following symptoms can be
seen:

1-thefirst sign isthe small red papule that gradually grows to form arelatively painless ulcer (some
timeitches). Thisulcer healsin 2-10 months even if untreated but leaves a disfiguring scar.

2-in L major infection , the papule is covered with a serous exudate and ulcerates early whereas the
papules are dry and ulcerate only after several monthsin L tropica and L athiopicainfection

3-the disease may disseminate in people with a depressed immune function
4-host recovery in cutaneous leishmaniasis depends on the development of cell mediated
Mucocutaneous leishmaniasis

This disease is a chronic form of leishmaniasis cuased by L athiopicain athiopia and kenya and by
many subspecies of L mexicana in central and south Americait characterized

the destruction of the oropharynx and nose, resulting in extensive midfacial destruction. The skin
lesion with mucocutaneous disease is often notable for its prolonged healing time and large size. In
most cases, a healed scar can be identified based on careful examination

Diagnosis: Puncture smear: Bone marrow: safe, first choice
Skin biopsy

Tissue cultivation

Animal inoculation

Molecular (Probe) test: DNA
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NOTE: If pertment, consult CDC about obtaning/handling othor types of Huids/sspirases

e, DONEe MmAImow

Viscsral lelnhseuizals

Methods for
=l Direct Tissue
B A B iz Examination

Liver Mog

aleumn Blogay

(Frisaey Ladiow)

for

“=miy——/+  Leishmaniasis

Mourontanevie Latabsanianin (Secombary Leaton)
Biopay sirate of moduls or cleus

Control: Treatment of patients: Sodium Stibogluconate (Pentostam)
Killing of infected dogs
Eradication of sandflies
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Kingdom: Animalia
Phylum: Platyhelminthes
Class: Cestoda

Subclass: Eucestoda
Order: Pseudophyllidea
Family: Diphyllobothriidae
Genus: Diphyllobothrium
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Broad fish Tapeworm Diphyllobothrivm latum

Final hosts

Mature tapeworm
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Nematodes - cuticle modifications
copulatory bursa

)
Smcule
Lateral Inhe
Ve
\

Borsal
e

Dorsal ray

Dersa lole

COE e ) dpn elimel Gz 5 ) cAmphids Sldat 5
BT U YT R O PR (P P+

i S e (Rl e 515 - Phasmids Glisaddll 6

ke L3 3 RN A wh gelad o Saege
. Phasmidia
-7
o W ' : ) i Algeian 8

G o LS Catatal
leany , Rt LSy daged

cervical i a5 i
e (i1sh 336 L aesy Caudal

,wla&p_a}q.ﬂa
ek e Dd iaGad
i i. ¢ Longitudinal

AN el e e 064 3 Lateral

0 Jadals g Copulatory bursa el S -9
gl 3o g Rays AallaSide B 5 K8
HOOK 4o =l ol & '-HF.RJ-\*-‘-"Q"-‘-'J.#B-‘I-IE.}‘

L i N de £ oS worm

avall s o AL duaiaaliall ) gl

£ o Specialized structures duauadi oo S ihal Jall e e 3 auall ph jalis
- kil iRy o Ol | Gl | OIRT | Ciad

Al Yo G s ol 8 Jsa 1 (A5 W2 jie ) Lips skkad -1
o ( Gy GRa (i y &g pet sal g ) Bl iy A
L HAS 6 (o gia 8 Leal 3 o I Ay il aiilgiiany

| s de ) RGAD il (ol - Cordons Juad -3

| S el A g e L sl a5 Cia
.h;_&i,,gi,ﬁ'mum"" AR il

| it S s e Giala ff LaTla g B

Al apan!

i sl L) Gl el Heod Bulb oel 0 Chil -8
B ol B FUEEYI BR aiy JUISD | adl auad A o5 Juaiie
Al o A5 a - Balionets s elige Clalt










TOXOPLASMOSIS

5 -
W .




Toxoplasma gondii :

The parasite was discovered by Nicolle and Manceaux in 1908 in a small rodent of Africa
(Ctenodactylus gundi). The medical importance of this organism for human was realised 30 years
later. It is a small protozoan being widely distributed in man and animals all over the world.
Toxoplasmosis is a disease of mammals and birds caused by Toxoplasma gondii. This obligate
intracellular parasite has been found in many mammals, birds and even reptiles. This parasite can
be transmitted to humans via uncooked meat, soil and food, by organ transplantation and 'in
pregnant women it pass through placenta to the baby. It also transSnits by contac?t with
contaminated things (infected meat, culture, animals). This parasite exists in threcf forms in t.'mal
host (schizont, gametocytes and oocyst) while in human and other .mamr.nals and bird ar.\d repnle?(
the intermediate hosts) there are two forms tachyzoites (trophozoite), .tlss.ue cysts fwhlch cgnt'fun
bradyzoites) . The tissue cysts and oocysts are the main forms of parasite involved in transmission

( infective stages). The infection possesses a serious disease in immunosuppressed individuals and
is impaired, dormant bradyzoites become reactivated. In some

repnant females. If immunity . .
sl dementia due to brain damage caused by tachyzoites.

infected individuals this parasite may cause ue & |
Toxoplasmosis is prevalent in the Mediterranean countries, including Iraq.



Morphology

T. gondii is considered to have three stages of infection; the tachyzoite stage of rapid division, the
bradyzoite stage of slow division within tissue cysts, and the oocyst environmental stage. When an
oocyst or tissue cyst is ingested by a human or other warm-blooded animal, the resilient cyst wall
is dissolved by proteolytic enzymes in the stomach and small intestine, freeing sporozoites form
within the oocyst. The parasites first invade cells in and surrounding the intestinal epithelium, and
inside these cells, the parasites differentiate into tachyzoites. the motile and quickly multiplying
cellular stage of T. gondii. Tissue cysts in tissues such as brain and muscle tissue, form about 7-10
days after initial infection.The intracellular parasites (tachyzoite) are 3 x 6 pum, pear-shaped
organisms that are enclosed in a parasite membrane to form a cyst measuring 10-100 pum in

size.Cysts in cat feces (oocysts) are 10-13 pum in diameter

Tachyzoite (trophozoites) is often crescent or arc or pear shaped with a point anterior end and a
rounded posterior end.rapidly multiplying trophozoite acute state found intracellular in

parasitophourus vacuole
Oocyte oval in shape contain 2 sporocystes each contains 4 sporzoites
Bradyzoite (sporozoite): slowly multiplying within tissue cyst form, it is also crescent shaped

Tissue cysts grow and remain intracellular may contain hundreds of bradyzoites it is often
spheroidal
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fe cycle

e life cycle of T. gondii can be broadly summarized into two components: a sexual component
that occurs only within cats (felids, wild or domestic), and an asexual component that can occur
within virtually all warm-blooded animals, including humans, cats, and birds.[26] Because T.

gondii can sexually reproduce only within cats, cats are therefore the definitive host of T, gondii.
All other hosts — in which only asexual reproduction can occur — are intermediate hosts

Sexual reproduction in the feline definitive host

When a member of the cat family is infected with T. gondii (e.g. by consuming an infected mouse
carrying the parasite's tissue cysts), the parasite survives passage through the stomach, eventually
infecting epithelial cells of the cat's small intestine. Inside these intestinal cells, the parasites
undergo sexual development and reproduction, producing millions of thick-walled, zygote-
containing cysts known as oocysts.

Infected epithelial cells eventually rupture and release oocysts into the intestinal lumen, and they
spread to environment with feces . Oocysts can then spread to soil, water, food, or anything
potentially contaminated with the feces. Highly resilient, oocysts can survive and remain infective
for many months in cold and dry climates.



Asexual reproduction in the intermediate host

Ingestion of oocysts by humans or other warm-blooded animals is one of the common routes of
infection. Humans can be exposed to oocysts by, for example, consuming unwashed vegetables or
contaminated water, or by handling the feces (litter) of an infected cat. Although cats can also be
infected by ingesting oocysts, they are much less sensitive to oocyst infection than are
intermediate hosts. Excystation occurs in the small intestine and the librated tachyzoites penetrate
the epithelial cells, Inside host cells. the tachyzoites replicate inside specialized vacuoles (called
the parasitophorous vacuoles) created during parasitic entry into the cell. Tachyzoites multiply
inside this vacuole until the host cell dies and ruptures, releasing and spreading the tachyzoites via
the bloodstream to all organs and tissues of the body, including the brain.

It is important to mention that humans are dead-end intermediate host for this parasite unless they
are eaten by a cat.
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TRANSMISSION

T. gondii is transmitted to humans by 3 principal routes:
By eating raw or poorly cooked infected meat, especially pork,
mutton, and wild animals or uncooked foods that have come in
contact with infected meat.
Humans can accidentally (by mistake) ingest oocysts that cats
have passed in their feces, either from a litter box or from soil
(soil from gardening, on unwashed fruits or vegetables, or in
unfiltered water).
Women can transmit the infection via placenta to their unborn
fetus.

In adults, the incubation period for T. gondii infection ranges
from 10 to 23 days after the ingestion of undercooked meat
and from 5 to 20 days after the ingestion of oocysts from cat

Ve atevaty

feces.

oocyst

sporocyst

sprozoifes

(non-infective)

Immature oocyst Developing oocyst
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RISK FACTORS

Recent epidemiologic studies have identified the { CACI A Lo Cys, Connmrine
g D\ tradyrotes grey

. . es ® . . ‘ \ i > »

];;)“O\.ng r|sIt< factors for T. gondii infection: AN ) s \(\(:,. Sp— w
wning a cat. et LAS e

. . .‘ -y : N " 0, \-\ C A

Cleaning a cat litter box. ’) A L N gy (”’;
. o [raopis wapoien 1y

Eating raw or undercooked pork, mutton, lamb, beef, Oocysss COAmInating s A8 arernas
or minced-meat products. o i P /
Gardening. Sk, Wres. 0e3 grwva

. . COATWNeD with otcys
Eating raw or unwashed vegetables or fruits.

Eating raw vegetables outside the home.
Having contact with contaminated soil.
Washing kitchen knives.

Having poor hand hygiene.

Drinking water from a contaminated reservoir.

urnsaswod frut
S0 vogotalios,

%

Women infected with T. gondii before conception
rarely transmit the parasite to their fetus, but those
who become acutely infected or have reactivation
of T. gondii during pregnancy (i.e., because of
immunosuppression) can transmit the organism
transplacentally.

The risk of congenital disease is lowest (10 to 25
percent) when maternal infection occurs during the
first trimester and highest (60 to 90 percent) when
maternal infection occurs during the third
trimester. However, congenital disease is more severe

when infection is acquired in the first trimester.
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Symptoms

*Some people (In immunocompetent adults) who have toxoplasmosis may feel as if they have the
“flu” with swollen lymph glands (lymphadenopathy) or muscle aches and pains that last for a
month or more, , while in immunocompromised individuals, involvement of brain, liver,lung and
other organs, and often death . The majority of human infections are asymptomatic and the serious
consequences are limited to pregnant women (congenital transmission) and immunodeficient
hosts. Congenital infections may result in miscarriage and serious brain and eye damage to the
fetus or may born with hydrocephalus, a buildup of fluid in the skull and with enlarged liver and
spleen. Although up to 70% of infected women can give birth to a normal offspring, a small
proportion of babies will develop active retino-chorditis or mental retardation in childhood or

young adulthood.

Diagnosis

Although parasites can be isolated from tonsil or lymph gland biopsy, diagnosis does not depend
on the recovery of the parasites. There are many serological methods that have been employed for

diagnostic purposes such as:

1-The toxoplasma dye test.
2-Fluorescent antibody test (FAT)
3-complement fixation test (CFT.)
4-Latex agglutination test.



The majority of human infections are asymptomatic and the
serious consequences are limited to pregnant women
(congenital transmission) and immunocompromised hosts.

Congenital infections may result in miscarriage and serious
brain and eye damage to the fetus. Although up to 70% of
infected women can give birth to a normal offspring, a small
percentage of babies will develop mental retardation in
childhood or young adulthood.

__Inimmunocompromised individuals, involvement of brain, -
liver, lung and other organs, and often death. |

Pathogenesis
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5-Enzyme-linked immunosorbent agglutination assay (ELISA), IgG for chronic infection whil,
IgM for acute infection.

Control

To prevent human infection, the hands of people handling meat, meat cutting boards, sink tops,
knives and other materials coming in contact with uncooked meat should be washed with water
and soap. Pregnant women are advised to avoid cat litter and to handle uncooked and undercooked

meat carefully




Balantidium coli is largest protozoan of the human in-testine inhabits the caecum. IT is the
only member of the phylum Ciliophora which parasitizes humans and worldwide in its
distribution. It moves by means of cilia and is acquired through faecal-oral transmission. A
morphologically identical organism occurs in cows, pigs and horses. The infection occurs
mostly in farm workers and other rural dwellers by ingestion of cysts in fecal material of
farm animals. Human-to-human transmission is rare but possible.

Morphology of the trophozoite:The outer surface, pellicle , is solid. Cilia are embedded in
longitudinal rows. Near the middle of the frontal extremity the pellicle bears a funnel-

shaped depression, called peristome. The peristome is provided with an opening, the
cytostome at its The cilia, lining the peristome are larger than the rest of the body cilia.
There are two contractile vacuoles and a number of food vacuoles. The cytopyge is an
unclear anal opening situated at the end. Embedded in the cytoplasm there are kidney-
shaped macronucleus(and may be spherical, ellipsoid, elongate, curved) and a very small,
rounded micronucleus hidden within the concavity of the macronucleus .

Morphology of the cyst

The cyst The cysts are nearly spherical, the walls are thick and refractile. In stained
specimens the macronucleus can usually be seen within the cyst wall, but other structures s

usually are not observed.
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Life cycle: Balantidiasis trasmits from one host to another by cysts . When the host ingests
the cyst with the contaminated food or water, excystation occurs in the small intestine, and
the trophozoites colonize the large intestine. The trophozoites live in the lumen of the large
intestine of humans and animals, where they replicate by binary fission. Under certain
conditions, trophozoites encyst and the cysts are passed with the feces.

Sexual reproduction occurs by conjugation. The process resembles that of paramecium in
minute details
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Transmission of Disease from Balantidium Coli :
Transmission from one host to another occurs in encysted condition through drink-ing water

and contaminated food .



The specific damages done by Balantidium are not known and no more than one- fifth of the
infected subjects experiences symptoms. So some observers prefer to consider it as a
commensal .But there is Symptoms Generally occure in some cases, symptoms of
balantidiasis are similar to those seen in amoebic dysentry, including intestinal epithelial
erosion. Although liver, lung and brain abscesses have been reported, they are uncommon,

The trophozoites produce an enzyme called hyaluronidase, which possibly Diagnosis
facilitates the invading of the mucosa. a few fatal cases have been reported

Diagnosis Difinitive diagnosis depends on the detection of either trophozoites or cysts in
feces of infected persons.



Microscopy hydatid cyst
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The adult tapeworm has three regions. Following the scolex, there is a short “neck” region foll
number of segments, called proglottids (Figure 1). Another characteristic feature of an adult
the absence of a digestive tract, because the adult worms inhabit the small intestine, a prin
system of the human host. This lack of an alimentary tract requires nuiritive substances to enter the
tapeworm across the tegument (memlbranous structure resembling skin that covers the segments). This
structural arrangement is well adapted for fransport functions because it is covered with numerous microvilli
(hair-like projections) resembling those lining the lumen (open area of a tube-like structure) of the
mammalian intestine. These villi serve 1o increase the surface area of the lumen and provide for better
absorption. The excretory system is a specialized excretory cell type called a flame cell that functions in @
similar manner to both kidneys and anus in mammals.

by any
orm is
gestive

Of the two species in humans, Taenia saginata, or the beef tapeworm, is the larger
of the two and T. solium, the pork tapeworm, use cattle and pigs as their respective
intermediate hosts. The scientific study of the taeniid tapeworms of humans can be
traced to the late seventeenth century and the observations of Edward Tyson, a
British physician and scientist of anatomy who studied the tapeworms of humans,
dogs, and other animals. Tyson was apparently the first person to recognize the
“head” (scolex) of a tapeworm, and descriptions of the anatomy and physiology of
the adult tapeworms led to the current body of knowledge regarding the biological
life cycle of the taeniid tapeworms of humans. By the fime of Tyson's conftributions, it
was quite evident that there were basic differences between the broad fish
tapeworm and other tapeworms now categorized as taeniids, but the
differentiation between T. solium and T. saginata was not fully discovered until later.




It was not until some years later that observations led to the belief that there were actually tw les of

Taenia responsible for infections by what was originally thought to be a single organism. The lif s of the
two species, T. solium and T. saginata, are practically the same. However, humans are capab cting as
the intermediate host for T. solium but not as an intermediate host for T. saginata. In the mid-nineteenth
century, a some scientist fed the pork tapeworm to others who became infected. They been credited

with recognizing the differences between T. solium and T. saginata based on the morphology of the scolex
of the two tapeworms, which are now named after their primary hosts (pig and the cow). The morphology
of a Taenia solium tapeworm scolex reveals four suckers and two rows of hooks, making it almost impossible
to dislodge the scolex from the tissue where it is attached . In the human intestine the cysticercus, or larval
stage, for the organism develops over approximately a 2-month period into an adult tapeworm. These

adults can survive for years by attaching to and residing in the small intestine by using the suckers and hooks
located on its scolex. ;
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Host: Man acts as both defi nitive and intermediate host.
Infective stage: Eggs of T. solium.
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and (2) autoinfection
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Autoinfection: Eggs excreted from men reinfect the same individual. Autoinfection can be of
external autoinfection: Due to unhygienic personal habit, e.g., contaminated finger

Internal autoinfection: Due to reverse peristaltic movements by which the gravid segments th eggs
back into the stomach (equivalent to swallowing of the eggs) Further life cycle in men is similar to that

in pigs: Oncosphere is released from the eggs, penetrates the intestine and enters into the portal circulation
or mesenteric lymphatics and reaches to various organs like subcutaneous tissue, muscle, eye

and brain where it is transformed to the larval stage cysticercus cellulosae in 7-9 weeks and deposited as
cyst. Full development to mature cysts takes 2—-3 months of fime

pes:

pathogenesis and Clinical features: Intestinal Taeniasis

Both T. saginata and T. solium can cause intestinal tfaeniasis. Often, it is asymptomatic; patients become
aware of the infection most commonly by noting the passage of proglottids in their feces . The proglottids
are often motile, and patients may experience perianal discomfort (or pruritus) when proglottids are
discharged . Mild abdominal pain or discomfort, nauseaq, loss of appetite, weakness, weight loss, headache
and change in bowel habit (constipation or diarrhea) can occur . Occasionally obstruction by the
migrating proglottids can result in appendicitis or cholangitis.

Neurocysticercosis
z NCC is the most common form and accounts for 60—90% cases of cysticercosis



Neurocysticercosis

NCC is the most common form and accounts for 60-90% cases of cysticercosis. NCC is consid
most common parasitic CNS infection of man and the most common cause of adult onset e
throughout the world . Based on the site of involvement, NCC is of two types:

1. Parenchymal: Involves brain parenchyma

2. Extraparenchymal sites are meninges and spinal cord .

Asymptomatic neurocysticerosis (NCC):Sometimes NCC remains in the brain without causing any symptoms

s the

NCC exists in four morphological stages: It starts as vesicular form, gradually develops into necrotic,
followed by nodular and finally into calcified stage

The clinical presentation is variable and

depends on number, location & size of the

cyst, the morphological stage of the cyst and

the host immune response.

laboratory diagnosis Intestinal taeniasis laboratory diagnosis Cysticercosis

Stool examination—Detects eggs, progloftids Radiodiagnosis— CT scan and MR

Taenia specifi ¢ coproantigen detection in Antibody detection in serum or CSF—
stool—ELISA ELISA, Western blot (EITB)

Antibody detection in serum—ELISA, CFT, Antigen detection in serum or CSF- ELISA
Immunoblot Lymphocyte transformation test

Molecular method—PCR Histopathology of muscles, eyes, subcutaneous

tissues or brain biopsies
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Helminth parasites have developed complex and versatile mechanisms to evade the immun
their hosts, utilizing immunoregulatory strategies to avoid immune effector mechanisms. In ge
processes are necessary for the parasites to complete their long life cycles and/or to favor ho al [2].
Despite their great evolutionary divergence and variety of stages, life cycles, and pathogeni vasive
mechanisms, helminths have developed similar strategies and induce strikingly similar immune responses,
which have been called “stereotypical Th2-type immune responses.” However, there are differences in the
Immune responses evoked by distinct helminths, mainly with regard to leukocyte involvement and the roles
of these cells.

The Th2 response induced by helminth parasites is characterized by the secretion of high levels of anfi-
inflammatory cytokines such as interleukin-6 (IL-6), IL-2, IL-10, IL-25, IL-33, and transforming growth factor-p
(TGF-B), but the main cytokines are IL.-4 and IL-13. As a result and/or of this cytokine secretion, there are
alterations in leukocyte activation, such as high levels of CD4+ T lymphocytes that differentiated into Th2
and T regulatory (Treg) subsets, the activation of immunoglobulin G1 (IgG1)- and IgE-producing by B cells,
eosinophilia, basophilia, Interestingly, there are another type of cell can be found in this response such as :
an immature dendritic cell (iDC) and huge populations of alternatively activated macrophages (AAMs) with
the ability to suppress lymphocyte proliferation. Furthermore, another characteristic of Th2 responses is the
suppression of the immune response to by antigens, which may compromise the effectiveness of
vaccination and alter the immune response to several other antigens, even autoantigens.

It is commonly accepted that most of these changes in leukocyte phenotype and activation, as well as in
the induction of the inflammatory milieu, are dependent upon the ability of the parasite to excrete/secrete
antfigens with immunoregulatory properties .



Taenia solium is responsible for two diseases in humans, i.e. taeniosis and neurocysticercosis,
caused by the adult tapeworm and the larval stage (cysticercus), respectively. Tapeworms | the
small intestine of human beings after ingestion of live cysficerci in contaminated, undercook kK meatf;
develop into adult tapeworms and expel gravid progloftids full of eggs in feces. Accidental intake of eggs
by humans results in the development of neurocysticercosis, due to the establishment of cystficerci in the
central nervous system. Neurocysticercosis is a public health problem in many developing countries.
Taeniosis is usually asymptomatic but epidemiological studies have shown that tapeworm carriers are the
main risk factor for developing neurocysticercosis . Human beings are the only definitive hosts for T. solium.
Thus, the use of experimental models, such as the Syrian golden hamster (Mesocricetus auratus), is necessary
to study the mechanisms involved in the immune response elicited by the tapeworm.

Helminth infections generally induce Th2 responses. Molecules derived from helminths that stimulate Th2
responses have been subject of current research for their potential regulatory immune functions. However,
only few molecules involved in triggering such responses have been recognized.

re




Hymenolepis nana
It is the smallest cestode infecting man, hence called as dwarf tfapeworm. Name Hymenole rsto a
thin membrane covering the eggs (Hymen membrane, lepis covering, and nana small size). | irst
detected by Bilharz in 1857 in small intestine. H. nana is considered as the most common tapeworm infection
throughout the world infecting 50-75 million of people. The overall prevalence ranges from 0-4% with higher
prevalence in children (16%).

Morphology

Adult Worm is small, 1-4 cm in length and con sists of head, neck and strobila. It resides in the small intestine
(upper two third of ileum). Head/scolex: It is globular with four suckers and a rostellum bearing single row of
20-30 hooklets . Neck: It is long and gives rise to proglofttids . Strobila: Consists of 200 segments (progloftids).
Mature proglottids contain both male and female reproductive organs. Genital pore opens laterally on the
same side. Uterus has lobulated wall and there are only three testicular follicles (Rest description is similar to
any other cyclophyllidean cestodes described earlier).

EQQ9

Eggs are the infective form as well as the diagnostic form of the parasite. Egg is round to slightly oval, 30-47
um size. It has two membranes (outer egg shell and an inner embryophore) and an oncosphere .with six
hooklets. Space between the two membranes is filled with yolk granules . Polar filaments: Both the poles of
embryophore are thickened from which four to eight polar filaments emerge . Non bile stained (colorless in
saline mount): It is the only cestode egg that is not stained by bile when passed through intestine. The larval
form is called cysticercoids. It is solid except the proximal part which is vesicular and contains the scolex



Life cycle of Hymenolepis nana

Two life cycles are noted, i.e. direct and in ycCle

; Single row of Direct Cycle

\ “°°"l'ets Host: Man is the only host. There is no interm host.
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by: 1-Ingestion of food and water contaminated
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In the small intestine, eggs hatch out, penetrate the
intestinal wall and develops into cysticercoid larvae in 4-5
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the adult worms in 10-12 weeks. Adult worm, when fully

Adult worm in
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Indirect Cycle
Host: Man is the definitive host. Insects act as intermediate host such as rat flea Xenopsylla ch
beetles like Tribolium castaneum or T. confusum . Mode of fransmission: Men acquire the infe rely, by
accidental ingestion of insects containing the cysticercoid larva. In human intestine: Th e larv lops into
adult worm in human smalll intestine which then produces eggs that are passed in the feces. In rat fleas:
Eggs are ingested by the insects, embryo hatches out, penetrate the intestine and develop into the larval
stage cysticercoid

larva in the insect’s body cavity. Th is stage is infective to men.

Clinical features and pathogenicity

H. nana infection is usually asymptomatic. When infection is intense and the worm burden exceeds 1000-
2000 worms, patients develop symptoms like anorexia, abdominal pain, headache, dizziness and diarrhea

nd

Stool examination (detects non bile stained eggs with polor fi Iomen’rs be’rween the shellmembranes)
Eosinophilia are the diagnosis methods B i
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has two sets of male and female reproductive systems and a genital pore on each side .The s as a
retfractable, rather pointed rostellum with several circles of rose thorn-shaped hooks. Its uterus eqars
early in its development and is replaced by hyaline, noncellular egg capsules, each containing s 1o 15
eggs. Gravid proglottids detach and either wander out of the anus or are passed with feces. They are very
active at this stage and are the approximate size and shape of cucumber seeds. As detached segments
begin to desiccate, egg capsules are released. Fleas are the usual intermediate hosts, although chewing
lice have also been implicated. Unlike adults, larval fleas have simple, chewing mouthparts and feed on
organic matter, which may include D. caninum egg capsules. The resulting cysticercoids survive their host'’s
metamorphosis intfo the parasitic adult stage, when fleas may be nipped or licked out of the fur of a dog
or cat, thereby completing the life cycle. This, by the way, is an example of hyperparasitism, since the

flea is itself a parasite. Nearly every reported case of infection of humans has involved a child. Adult
humans may be more resistant, or else children may have increased chances of accidentally swallowing a
flea. The symptoms and treatment are the same as for Hymenolepis nana. The only feature separating this
family from Hymenolepididae is a larger number of testes, usually more than 12. This family, too, consists of

hundreds of species that parasitize birds and mammails.

THE INFECTION Mostly, asymptomatic, but rarely symptoms like indigestion, loss of
appetite, diarrheaq, pruritus ani, abdominal pain may be reported. Children are aff
ected commonly



Dipylidiun caninum (double pored tapeworm)

Thisis a common tapeworm of dogs and cats.Morphology:Adult worm is 10-70 cm long, scol
four oval suckers and is armed with rostellum and 1-7 rows of hooklets .life Cycle: It resembles
indirect cycle of H. nana.Host: There are two types of hosts:1. Defi nitive host: Dogs and cats (r

Intermediate host: Insects (fleas)Man acquires infection by ingestion of flea containing cysticercoid larva

s e - : : : Testicular
Dipylidium caninum A cosmopolitan, common parasite - follicle
of domestic dogs and cats, Dipylidium caninum often occurs
in children ®® It 1s easily recognized because each segment
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Digenea

Digenetic frematodes, or flukes, are among the most common and abundant of parasitic wo
only to nematodes in their distribution. They are parasites of all classes of vertebrates, especia ine
fishes, and nearly every organ of the vertebrate body can be parasitized by some kind of tre , OS
adult or juvenile. Digenean development occurs in atf least two hosts. The first is a mollusc or, very rarely, an
annelid. Many species include a second and even a third intermediate host in their life cycles. Several
species cause economic losses to society through infections of domestic animals, and others are medically
important parasites of humans. Because of their importance, Digenea have stimulated vast amounts of
research, and literature on the group is immense. This chapter will summarize digenean morphology

and biology, illustrating them with some of the more important species.

cond

Trematode “typical” life cycle is as follows: A ciliated, free-swimming larva, a miracidium, hatches from its
shell and penetrates a first intermediate host, usually a snail. At the time of penetration or soon after, the
larva discards its ciliated epithelium and metamorphoses into a rather simple, saclike form, a sporocyst.
Within the sporocyst a number of embryos develop asexually to become rediae. Rediae are somewhat
more differentiated than sporocysts, possessing, for example, a pharynx and a gut, neither of which are
present in a miracidium or sporocyst. Additional embryos develop within the redia, and these become
cercariae. Cercariae emerge from the snail. They usually have a tail fo aid in swimming. Although many
species require further development as metacercariae before they are infective to a definitive host,
cercariae are properly considered juveniles; they have organs that will develop info an adult digestive tract
and suckers, and genital primordia are often present. A fully developed, encysted metacercaria is infective
to a definitive host and develops there into an adult frematode. Many trematodes have a second
infermediate host which bears their encysted metacercariae. Their vertebrate definitive hosts are then
infected when they consume the second intfermediate host.



VERTEBRATE Flukes exhibit a great variety of shapes and size Il as
variations in intfernal anatomy. They range from y
Levinseniella minuta, only 0.16 mm long, to the
Fascioloides magna, which reaches 5.7 cm in | nd

2.5 cm in width. Most flukes are dorsoventrally flattened and
oval in shape, but some are as thick as they are wide. Some
species are filiform, round, or even wider than they are long.
Flukes usually possess a powerful oral sucker that surrounds the
mouth, and most also have a midventral acetabulum or
ventral sucker. The tegument of Trematodes, like that of
cestodes, formerly was considered a nonliving, secreted
cuticle; but, as in cestodes, electron microscopy reveals that
the body covering of frematodes is a living, complex tissue. In
common with Monogenoidea and Cestoidea, digenetic
frematodes have a “sunken” epidermis; there is a distal,
anucleate layer. IN NUCLEATED LAYER there is a cell
containing the nuclei (cytons) lie beneath a superficial layer
of muscles, connected to the distal cytoplasm by way of
channels (cytoplasmic bridges). Because the distal cytoplasm
IS continuous, with no intervening cell membranes, tegument
Is syncytial. Although this is the same general organization
found in cestodes, frematode tegument differs in many
details, and striking differences in structure may occur in the
same individual from one region of the body to another
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Parenchymal cell

Type 2 secretory body

Surface invaginations
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Type 1 tegumentary cyton
Type 2 tegumentary cyton
Golgi complex

Interstitial material (connective tissue)
Internuncial process

Type 1 secretory body

Basal invagination

Nucleus

Granular endoplasmic reticulum
Mitochondria
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Digenea are @ muscles
lying just bene@ e basal
lamina of the tegument, with
longitudinal and diagonal
layers underlying the circular
muscles. These muscle layers
envelop the rest of the body

. like a sheath

cerebral ganglion, and three

@ main pairs of frunks—dorsal,
" |ateral, and ventral supply
88 posterior parts of the bodly.
t Ventral nerves are usually
¥& the most developed.
g Branches provide motor and
@ sensory endings to muscles

and tegument. The anterior
end, especially the oral
sucker, is well supplied with
sensory endings




The excretory system of Digenea is based on flame bulb protonephridia (units of an excretory
at the proximal end and opening to the exterior at the distal end by way of a pore). Most tre s are
hermaphroditic (important exceptions are schistosomes), and some are capable of self-fertiliz Others,

, require cross-fertilization to produce viable progeny. Some species inseminate themselves readily; others
however will do so if there is only one worm present, but they always seem to cross-inseminate when there
are two or more in the host. Some species will not inseminate themselves or even mature unless there is
another adult worm present. Worms find each other by means of chemoattractants, and, except in
schistosomes, the active compound appears to be cholesterol. A few instances are known in which adult
trematodes can reproduce parthenogenetically

Male reproductive systems usually include two testes, although the number varies with species from one
testis to several dozen. Shape of the testes varies from round to highly branched, according to species. Each
testis has a vas efferens that connects with others to form a vas deferens; this duct then courses toward the
genital pore, which is usually found within a shallow genital atrium. Before reaching the genital pore, the vas
deferens usually enters a muscular cirrus pouch where it may expand info an internal seminal vesicle (within
the pouch) for sperm storage. Female Reproductive System The single ovary in the female reproductive
tract is usually round or oval, but it may be lobated or even branched. A short oviduct is provided with a
proximal sphincter, or ovicapt, that controls passage of ova. The oviduct and most of the rest of the female
ducts are ciliated. A seminal receptacle forms as an outpocketing of the wall of the oviduct. It may be large
or small, but it is almost always present. At the base of the seminal receptacle there often arises a slender
tube, Laurer’'s canal, which ends blindly in the parenchyma or opens through the tegument. Laurer’'s canal
is probably a vestigial vagina that no longer functions as such (with a few possible exceptions), but it may
serve to store sperm in some species

closed
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Schistosomatidae

1- include individuals live in blood vessels
2-life cycle lack metacercaria and redia
3- the individuals are dioecious

4- fork-tail cercariae

5-require one intermediate host (snail)

people in 74 countries at risk.12 Some 200 million people are infected with schistosomes, of whom 120 million
are symptomatic and 20 million suffer from severe disease. Three species of schistosomes are of vast medical
significance: Schistosoma haematobium, S. mansoni, and S. japonicum. All parasites of humans since
antiquity. Bloody urine was a well recognized disease symptom in northern Africa in ancient times. At least
50 references to this condition have been found in surviving Egyptian papyri, and calcified eggs of S.
haematobium have been found in Egyptian mummies dafing from about 1200 B.C. Hulse presented a well-
reasoned hypothesis that the curse that Joshua placed on Jericho can be explained by an introduction

of S. haematobium into the communal well by the invaders. Removal of the curse occurred after
abandonment of Jericho and eliminated the snail host, Bulinus .Today Jericho (Ariha, Jordan) is well-known
for its fertile lands and healthy, well-nourished people The first Europeans to record contact with S.
haematobium were surgeons with Napoleon's army in Egypt (1799-1801). They reported that hematuria
(bloody urine) was prevalent among the troops, although the cause, of course, was unknown. Nothing
further was learned about schistosomiasis haematobia for more than 50 years, until a young German
parasitologist, Theodor Bilharz, discovered the worm that caused it. He announced his discovery in letters to
his former teacher, Von Siebold, naming the parasite Distomum haematobium
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While information was accumulating on biology of S. haematobium, some investigators began
whether it was a single species or whether two or more species were being confused. The pro
confounded by the observation in some patients of eggs with terminal spines in both urine an
Whenever eggs with lateral spines were noticed they were ignored as “abnormal.” In 1905 Sir
Manson decided that intestinal and vesicular (urinary bladder) schistosomiasis usually were distinct diseases,
caused by distinct species of worms. He reached this conclusion when he examined a man from the West
Indies who had never been to Africa and who passed laterally spined eggs in his feces but none at

all in his urine.38 Sambon argued in favor of the two-species concept in 1907, and he named the parasites
producing laterally spined eggs Schistosoma mansoni. (Japanese zoologists had already detected sfill
another species by this time, but their reports were generally unknown to Europeans.)

Although Schistosoma spp. are generally similar structurally, several differences in detail are listed in Table
bellow .Considerable sexual dimorphism exists in the genus, males being shorter and stouter than females
The males have a ventral, longitudinal groove, the gynecophoral canal, where the female normally resides.
The mouth is surrounded by a strong oral sucker, and the acetabulum is near the anterior end. There is no
pharynx. The paired intestinal ceca converge and fuse at about the midpoint of the worm and then
continue as a single gut to the posterior end. Males possess five to nine testes, according to species, each
of which has a delicate vas efferens, and these combine to form a vas deferens. The latter dilates to
become a seminal vesicle, which opens ventrally through the genital pore immediately behind the ventral
sucker. Cirrus pouch, cirrus, and prostate cells are absent. The suckers of females are smaller and not so
muscular as those of males, and tegumental tubercles, if any, are confined to the ends of females. The
ovary is anterior or posterior to or at the middle of the body, and the uterus is correspondingly short or long,
depending on species.



Table 161 Comparative Morphology of the Three Primary Species of Human Schistosomes

Characteristic S. haemarobium

S. mansoni

S. japomicum

Tegumental papillae  Small mbercles
Size
Male
Length
Width
Female
Length ca. 20 mm
Width ca. 0.25 mm
Number of testes -
Position of ovary Near midbody
Uterus With 20-100 ezzs at one tme;
average 30
Few follicles. posterior to ovary

10-15mm
08-10mm

Vitellaria

Egz Elliptical, with sharp terminal spine;
112-170 pm x 40-70 pm

Large papillae with spines

10-15 mm
0.8-1.0 mm

ca 20 mm

ca 0.25 mm

9

In antenor half

Short; few eggs at one time

Few follicles. posterior to ovary

Ellipaical, with sharp lateral spine;
114-175 pm x 45-70 pm

Smooth

12-20 mm
0.50-0.55 mm

¢a. 26 mm
¢a. 0.3mm

-

!

Posterior to midbody

Loag; may contain up to
300 eggs: average 30

In lateral fields, posterior
quarter of body

Oval to almost spherical;
rudmentary lateral spine;
70-100 pm x 50-70 pm
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Schistosoma haematobium Common name: Bladder fluke.
Common Schistosoma spp. disease and condition

names: Schistosomiasis, bilharziasis, swamp fever, Katayama fever.
There are many species of schistosomes but three important species infect humans. Although
differences among the Schistosoma are numerous, the three species of human significance have many
similarities.. Schistosomiasis has recently been recognized as a major parasite cause of morbidity and
occasional mortality, especially in sub-Saharan Africa. Along with HIV and malaria, disability from
schistosomiasis caused by anemia, chronic pain, diarrhea, exercise intolerance, and undernutrition makes it
a major problem in many parts of Africa and other areas of the world. Eggs. The average Schistosoma egg is
comprised of a developed miracidium. The presence of lateral or tferminal spines, as well as the organism’s
shape and size, aid in species identification. Schistosoma mansoni is relatively large, measuring 112 to 182
um by 40 to 75 um. The organism is somewhat oblong and possesses a prominent large lateral spine.

The somewhat roundish Schistosoma japonicum is the smallest of the Schistosoma spp., measuring 50 to 85
um by 38 to 60 um. The egg is characterized by the presence of a small lateral spine, which is often difficult
to detect on microscopic examination. Schistosoma haematobium resembles S. mansoni in size and shape.
The somewhat oblong egg measures 110 1o 170 by 38 to /0 um

Large lateral spine Sl lafefalspine . || Large The presence of alarge,
KjifﬁCUI’r fo see) . terminal spine

prominent, terminal
spine distinguishes the
egg from that of

other Schistosoma spp.




The eggs of the worm are eliminated via the urine of those infected. When an egg reaches fr
it hatches rapidly. The ensuing larva (an immature form of life called miracidium) is an oval sh
clothed with minute cilia swimming in search of the Bulinus snail. The miracidium] is attfracted
mucous secretfion and burrows into the soft tissue of the mollusc. Once inside, the miracidium
infto an elongated, thin walled sack called mother sporocyst , which gives rise to about four hundred
daughter sporocysts. Each one forms within its cavity numerous fork-tailed cercariae . A single miracidium
may produce thousands of cercariae in only six weeks and this production may carry on in the snail for
months the cercariae, stimulated by the bright light and the high temperature of the day, abandon the
snails. Seen under the microscope they look like miniature tadpoles, with a pear shaped buoy and a long
tail ending in a y-shaped fork which acts as a propeller to move the organism through the water . They are
now swimming in a desparate race against fime, searching for a human host to ensure their survival. They
will die within 48 hours if the search fails. Attracted by the oily secretion lubricating the human body, they
attach themselves to the skin with their oral suckers. They do not need to find a wound or break in the skin
since they secrete an enzyme which splits the ‘cement’ holding the cells of the skin together. As soon as the
cercariae start to penetrate the outer layers, they shed their tails and burrow a tunnel through the epidermis.
Attracted by the oily secretion lubricatingThe tail-less cercariae, now called schistosomulae, then reach the
lymph vessels which drain into the two major veins, allowing the schistosomulae of both sexes to reach first
the lungs and then the liver, where they mature and mate. When they mate, the edges of the larger male
worm fold over to form a groove to hold the slender and longer female close to him . Then, fightly
embraced, they leave the liver, swimming against the flow of the venous blood, to settle in the blood vessels
surrounding the bladder and the intestine . Since the only way to ensure the survival of the species is to get
the eggs into freshwater, the worms live close to the natural openings of the human body - the bladder or
the openings of anus so that the eggs can easily escape to the outside
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The human body doesn’t suspect their presence because the worms disguise themselves with
protein similar to that of the host. This coating fools the human’'s defense system, which othe
off foreign particles. Undisturbed, the worms may live for years producing an incredible numb

The eggs, which are oval-shaped with a spike protruding from one end, are deposited in large numbers in
the tissue of the bladder. Some reach the innermost part through the tiniest of blood vessels. They are now
only separated from the urine by a thin layer of tissue, which they pierce with the spike to allow them to fall
into the urine. When the eggs are eliminated from the bladder and reach fresh water, they will hatch into
miracidia, search out the snails, and start the cycle anew.. However, a great number of eggs remain
trapped in the tissue. Unlike their shrewd parents, they are not able to cheat the defense system of the host.
Immediately, they are surrounded by scores of white blood cells, the body’'s main defense system. These
‘immune fighters’, known as phagocytes , they recognize as foreign by grinding the invaders to bits and
swallowing them up with enzymes. However, the phagocytes are powerless in their fight against so many
giants, each one 10 times their size. Not even with the help of larger cells, the macrophages , which fuse to
form giant cells, are able 1o turn the battle in favour of the host. They are only able to lay siege by
completely surrounding the eggs forming granulomas bladder and intestine ftissue. Within about a month
the eggs die and their shells calcify into rigid structures forming polyps, nodules, and ulcers. Slowly these are
replaced by fibrous scar fissue,






Schistosomiasis is often divided into three phases: migratory, acute, and chronic. The migrator e
encompasses the time from penetration until maturity and egg production; it is often sympto
Penetration of cercariae may produce a dermatitis if a patient’s immune system has been se by
earlier experiences of cercarial penetration. Schistosome dermatitis is usually most severe wh ed by
bird schistosomes probably because cercariae are) killed The acute phase is sometimes called Katayama
fever (for the Katayama region of Japan, a former endemic area and occurs when the schistosomes begin
producing eggs about 4 to 10 weeks after initial infection. By this time a host has had exposure to various
schistosome antigens, sufficient o mount a humoral response, but the advent of egg production

And increases the amount of antigen release. The change in antigen-antibody ratio leads to formation of
large immune complexes that must be cleared by cells production . The syndrome is marked by chills and
fever, fatigue, headache, malaise, muscle aches, lymphadenopathy, and gastrointestinal discomfort. There
is a high eosinophilia, and granulomas around eggs contain large numbers of eosinophils, as well as
neutrophils and macrophages. Macrophages in early acute granulomas secrete predominantly IL-1, and
then TNF increases after one to two weeks. Chronic granulomas are dominated by macrophages,
lymphocytes, fibroblasts, and multinucleated giant cells These become small fibrous granulomas, or
pseudotubercles, so called because of their similarity fo the localized nodules of tissue reaction (tubercles)
in tuberculosis. Many eggs are carried by the hepatic portal circulation back up into the liver, where they
stimulate granuloma formation
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Chronic phase patients indigenous to endemic areas are commonly asymptomatic, or, with i
schistosomiasis, they may show mild, chronic, bloody diarrhea with mild abdominal pain and |
schistosomiasis haematobia, there may be pain on urination and blood in the urine. Affected usually
accept these conditions as normal and only seek medical assistance with heavy infections or more
serious complications develop. In most cases the patient’s immune responses are modulated so that
granulomatous reactions do not become too severe. For example, although macrophages secrete
fibroblast growth factors, which mediate fibrosis, they also secrete collagenases that digest collagen fibers.
A balance between collagen synthesis and degradation in most cases prevents progression to serious
hepatic fibrosis. In about 8% of cases of infection with S. japonicum and S. mansoni, development of egg
granulomas and fibrosis in the liver . As the eggs accumulate and the fibrotic reactions in the liver contfinue,
a periportal cirrhosis and portal hypertension appeared . A marked enlargement of the spleen
(splenomegaly) occurs, partly because of eggs lodged in it and partly because of the chronic passive
congestion of the liver. accumulation of fluid in the albdominal cavity) is common at this stage . Some eggs
pass the liver, lodging in the Iungs, nervous system, or other organs and produce pseudotubercles there.
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\\}“\ Several species of Schistosoma cause a severe rash when their cercariae
i\ \ penetrate skin of an unsuitable host; S. spindale and S. bovis are agents of

A\ $' dermatitis in humans throughout the range of these schistosomes. More

' importantly, several speaes of bird schistosomes are distributed throughout

the world and cause “swimmer’s itch” when their cercariae attack anyone

on whose skin the organisms land

— Major disease manifestations in chronic S. haematobium infections are urinary
= fract blockages, chronic urinary bacterial infections, bladder cancer, and
a bladder calcification




Clearly, economic and education level of a population will influence tfransmission of the dise
and sex are important factors as well. Males usually show the highest rates of infection and th infense
infections, and the most hazardous age is the second decade of life. This distribution of diseas ears to
reflect occupational and recreational differences, rather than sex or age resistance to infection. In places
where both sexes work in the fields,the highest prevalence occurs in adults of both sexes. Certain other
factors, such as immunity and egg release in chronic infections, must be considered when a population is
surveyed and transmission is studied . Extending snail habitats, agricultural projects intended to increase
food production in underdeveloped countries plyed an important role in transmission of the diseae

d age

A simple, cheap, sensitive, and specific technique for routine diagnosis of schistosomiasis is demonstration
of eggs in urine or feces therefore, direct smears and concentration techniques and other diagnostic
methods, such as biopsy and immunodiagnosis were also used

Serological tests based on detection of antibodies in the patient’s blood have several inherent problemes:
(1) they become positive some fime after infection, (2) they become negative some time after cure, and
(3) they may cross react with other helminth infections

diagnostic technique of the polymerase chain reaction to detect parasite DNA may used especially in
negative cases in endemic area (why)



Adult and larval worms migrate through the host's blood circulation avoiding the host's immune system. The
worms have many tools that help in this evasion, including the tegument, antioxidant proteins, and defenses
against host membrane attack complex (MAC).

-Tegument

The tegument coats the worm and acts as a physical barrier to host antibodies and complement.

-Antfioxidant proteins

Host immune defenses are capable of producing superoxide, which has a tremendous detrimental effect
on the worm. However, they are able to produce a number of anfioxidant proteins that block the effect of
superoxide. Schistosomes have four superoxide dismutases, and levels of these proteins increase as the
schistosome develops and matures.

Antioxidant pathways were first recognised as a chokepoints for schistosomes and later extended to other
trematodes and cestodes. Targeting of this pathway with different inhibitors of the central antioxidant
enzyme thioredoxin glutathione reductase (TGR) results in reduced viability of worms.

-Defense against host MAC

Schistosomes have ways to block host complement proteins. Immunocytochemistry techniques have found
decay accelerating factor (DAF) protein on the tegument. DAF is found on host cells and protects host cells
by blocking formation of MAC. It has been found that the schistosome genome consists of human CD59
homologs. CD59 inhibits MAC
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Parasitology: a study of parasites and their relationships with their hosts.it is a one of the most
wonderful area of biology. The study of parasitism is overlaps with other sciences branches (ecology,
morphology, embryology, histology, biochemistry, immunology, pharmacology, molecular, cytology
and nutrition, else). The term of parasite has Greek origin consists from two words , the first is (para)
which mean besides and (sitos) which mean place, so it is mean( living beside food place).

Many organisms may have classified as parasites (bactecria, viruses and fungi, as well as parasite.
But the term of parasitology has traditionally been limited to parasitic protozoa and helminthes as
well as arthropodsincluding arthropods that serve as vectors.

Theimportance of studying parasitology:

1- For their medical importance: parasites play importance role in the medicine and public health
as six major tropical diseases to which WHO pay great attention to them including malaria,
schistosomiasis, filariasis, leishmaniasis, trypanosomiasis, entamoebiasis and scabies for their
importance.

2- For their economic importance: many of parasitic diseases are zoonotic and many of them are
may infect the domestic animals and cause in economic |oss.

3- For their scientific importance: it is very important to study the parasites to know their effects
on health and to know how we can control of these diseases.

4- Some of them are used as biological control.

Therelationships of animals:

There are diverse organism that are present in the community, and because of that different
relationships are developed between them. These including two major types of relationship:
interspecific relationship (is the relationship that show the interaction between organisms belong to
the same kind of species like cooperation among bee and ants). And intraspecific relationship (is the
relationship that show the interaction between the organisms belong to different species and these
including:

a Commensalism: is areationship between two species in which one of the organism benefits
from this relationship while the other is neither benefits nor harmed. It does not involve
physiologic interaction or dependency between the two partner of this relationship. Literally, it
means ((eating on the same table)). An example of commensalism: hermit crabs and the sea
anemones on its borrowed shells (ecto commensalism) and Entamoeba coli that live in human
intestine (endo commensalism)
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b- Mutualism: is a relationship between two organisms in which both of the organisms benefit

from this relationship. It involves physiologic dependency between the two partner of this
relationship. A classic example of this type of relationship is flagellated protozoan
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(Trichonympha) that live in the gut of the termites. The flagellated protozoan depends entirely
on a carbohydrate (as nutrition) from wood ingested by the termite. In return, the flagellated
protozoan synthesizes and secretes cellulases (cellulose- digesting enzyme) , as the termite
incapable to synthesizing its own cellulases.
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Mutualism

Both species benefit from the interaction.

©O

c- Parasitism: is areationship between two organisms in which one of the organisms benefit
from this relationship while the other is harmed. The parasite may partially or entirely
physiologic depended on its host.

The parasite gain shelter and nutrition from its host, the host suffer from wide range of
damage. The parasites are usually smaller of the two (smaller than the hosts)
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Parasitism

One organism, usually physically smaller of
the two (the parasite) benefits and the
other (the host) is harmed

d-Predation: is akind of relationship between to species in which one of the organism serve as food
to other species. Thefirst one called prey and the second called predator.

The difference between the parasitism and predation has been well expressed by Elton (1936) who
has said that ((the difference between a carnivore and parasites is simply the difference between living
on the capital and income)). As the parasites do not destroy the animals on which they parasitized so
they keeping their food sources feed while the predator kill the prey.
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Predation

one eats another (Herbivores eat plants.
Carnivores eats animals.)

The benefits gained by parasites from their host:

1-the host consider as a continues source of nutrition for parasites

2-the parasites use the host for transmitting and spreading

3-the host obtains a stable environment for parasites

4-the host obtain the protection for parasites

Damages doneto host by parasites:

1-the parasites | oot the food , blood or causing in blood losing for the host
2-mechanical injuries perforation of penetrate the tissue or organs or blockage cavities.
3-chemical injuries. resulting from secretion of parasites

4-histological changes:

a-hypertrophy:the increase in tissue or organs volume resulting from enlargement of cells as in
Plasmodium infection

b-hyperplasia: increase in tissue or organs volume resulting from increase in the number of cellsasin
Fasciola hepatica infection

c-neoplasia: is an abnormal growth of tissue which may forms a mass develop to cancer as in
Schistosoma infection

d-metaplasia: is atransformation or differentiated one tissue or cell to another type as in Paragonimus
westermani (change the lung tissue to fibrous tissue)

5-the parasite transmit pathogenic agents (Dientamoeba fragilis on the egg of Enterobius
vermicularis, Plasmodium in mosquitoes

6-growth activation as in some species of snails

7-Sex reversal asin crabs when infected with crustacean (the male become female)
8-abnormal behavior

9- death
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Parasite: an animal or organism live on or in another organism belong to anther species (known as
host) and it obtains nutrition and protection from this host. A parasite is completely or partly
depended on its host and it may spend all or part of itslife in or on the host

Type of parasites:
1-depending on the place:

& Ecto-parasites: Parasite which lives on the body surface of its host. Example: Lice.
b- Endo-parasite: Parasite which lives inside the body of its host. Example: Entamoeba
histolytica

2- depending on nature of life

aFacultative parasite: Parasite which may exist as a commensal and if opportunity exists, may
become pathogenic. Example: Naegleria fowleri

b-Obligate parasite: Parasite which always requires a host. Example Plasmodium falciparum.
3- depending on the period that parasite spend it in or on the host:

a-Periodic parasite: A parasite that lives on the host for short periods of time. And it visitsits host for
get ameal of food as mosguitoes

b-Stationary parasites: A parasite that livesin or on the host for a period of time. and it may include:

Temporary parasite: parasites are organisms whose parasitic mode of life is limited to a few or even
one stage of development (An organism which is obligatory parasite at one or more stages of its life
cycle but free living at other stages). Example: Strongyloides stercoralis.

Permanent parasite: A parasite that all stages of its life cycle permanently parasitize a host. Have no
freeliving stages. Example: Entamoeba histolytica

4-Accidental parasite :A parasite that parasitizes an organism other than the usual host

Type of hosts:

Host: The organism in or on which the parasite lives.

1-Intermediate host: The organism in which the larval stages of the parasite live. or it is host where
asexual reproduction take place. Example: Snails are intermediate hosts for Fasciola hepatica.

2-Definitive (final) host: The organism in which the adult stage of the parasite lives. or it is host
where sexual reproduction take place.Example: Humans are the final hosts for Taenia solium.

3-Reservoir host: The host which harbours the parasite and act as additional source of human
infection.(the reproduction of parasites is absent Example: Dogs are reservoir hosts for Leishmania
donovani .

4-Accidental host: A host in which the parasite cannot successfully develop. Example: Toxocara
canisin humans.

5-Vector: A living carrier (usually an insect) that transports a pathogenic parasite from one host to
another. It includes two type
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abiological vector : when parasite multiplies and develops inside this host :A classical example isthe
mosquito which transmits malariato humans.

b-mechanical vector: when host carry the parasite on its body without any development stages happen
for the parasite: the fly carries the cyst of Entamoeba histolytica

Mode of parasitic infections:

1-by ingestion of the contaminated food or drinking contaminated water or uncooked meat
2-direct contact through the skin or sexually

3-pentration the skin due to contact with contaminated soil or water stream
4-Inhalation of the dust that carry the infective stages

5-by vectors

6-congenital: from mother to fetus

7-autoinfection: occure when infective stages are carried from host to the same host.
8-blood transfusion

Some Key definitions

Medical Parasitology: Isthe study of parasitesthat infect humans.

Veterinary Parasitology: The study of parasites which infect animals .

Parasite: |s an organism which livesin or on another organism (host), from which it obtains food and
shelter.

Pathogenic parasite: Parasite which causes harm to its host. Example: Entamoeba histolytica.

Non-pathogenic parasite (commensal): Parasite which benefits from the host without causing
any harm. Example: Entamoeba coli.

Zoonosis: Simply means parasitic disease infects both animals and humans. An example of zoonosis
in Iragq is the human infection with the larval stages (hydatid cysts) of the dog tapeworm,
Echinococcus granulosus, causing a condition known as hydatid disease .

Incubation Period: The period between infection and the appearance of symptoms.
Intensity of infection: is the mean number of parasitic individuals found in infected hosts

Percentage of infection ( occurrence, prevalence of incidence): is the proportion of infected host
among all the host examined

number of infected host
00

Percentage of infection= .
total number of examined host

Infective stages.it is a period of the life cycle that causes infection when it becomes contact with the
host in somehow.

symptoms
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The parasites cause a wide range of symptoms (signs of the parasitic infection) and the intensity of
these symptoms and their appearance depend on:

1-Number of parasitesin the host (intensity of infection).
2-Location of the parasite in the host.

3-Size of the parasite.

4-Period of the infection.

5-Response of the host to the metabolic products of the parasites (toxins and secretions)
(hypersensitivity).

Laboratory diagnosis:
The samples that used for diagnosis the parasitic infection are;

ablood: blood smear is used for diagnosis of Plasmodium, Trypanosoma and microfilaria of
Wuchereria

b -stool: the cyst and trophozoite of some protozoa found in stool and the ova of some worms
c-urine: for diagnosis of the ova of Schistosoma heamatobium
d-sputum: for diagnosis of the ova of Paragonimus westermani

e-biopsy from skin and liver for diagnosis the Leishmania tropica and Leishmania donovani,
respectively

General features of protozoa

1-They are known as acellular or non-cellular organism. A protozoan body consists of only mass of
protoplasm, so they are called acellular or non-cellular animals.

2-Habitat: mostly aquatic, either free living or parasitic or commensal
The mgjority are free living and less than 20% are parasitic.

3-Grade of organization: protoplasmic grade of organization. Single cell performs al the vita
activities thus the single cell acts like awhole body.

4-Body of protozoais either naked or covered by apellicle.

5-Locomotion: Locomotory organ are pseudopodia (false foot) or cilia or absent.

6-Nutrition: Nutrition are holophytic (like plant) or holozoic (like animal) or saprophytic or parasitic.
7-Digestion: digestion isintracellular, occurs in food vacuoles.

8-Respiration: through the body surface.

9-Osmoregulation: Contractile vacuoles helps in osmoregul ation.

10-Reproduction:

aAsexualy reproduction is through binary fission or budding.
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b-Sexual reproduction is by syngamy conjugation.
11 -Excretion of protozoa by one of:

adiffusion

b-contractile vacuoles

c-food vacuoles

d-cytopyge: it is an opening (cell "anus') found in some protozoa, such as the rumen-dwelling
ciliates, through which waste matter is gjected

According to degree of pathogenicity, protozoa can be divided into:
(I) Pathogenic.
(2) Non-pathogenic (commensals).
(3) Opportunistic (whose pathogenicity are debatable).
According to types of locomotive (movement) organs, protozoa can be divided into 4 groups:
1 - Amebae— pseudopodia.
2 - Flagelates—flagella
3 - Ciliates—cilia.

4 - Sporozoans— absence of locomotive organs.

Pathogenic Intestinal Amebae
Genus. Entamoeba histolytica (the parasite causing diarrhea and liver abscess in man)

Lambl (18590nfirst discovered the parasite. Losch (1875) proved its pathogenic nature. While
Schaudinn (1903) differentiated pathogenic and non-pathogenic type of amoeba .

Geographical distribution: The parasite is world-wide. More common in tropical and sub-tropical than
in temperate zone.

Habitat: Trophozoites and cyst of E. histolytica (the large race or the tissue invading forms) and cysts
live in the mucous and sub mucous layers of the large intestine .

Morphology: the structural character of the parasite can be studied both in stained (iodine and iron
haematoxylin) and unstained preparation there are two phase in the life cycle of the parasite:

(i)Fairly abundant in amoebic dysentery stools.
(if) The size varies from 10-30u

(iii) The outline shows finger like pseudopodia.
(iv) Actively motile in nature.

The cytoplasm is
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(i) Ectoplasm—rprominent;
(i) Endoplasm—finely granular
(iii)V acuoles—scanty, spherical and defined with ingested RBCs

Nuclear membrane uniformly stained with chromatin; karyosome is central. In saline preparation the
nucleusisindistinct and small

Thecystis

(i) Size: 6-18u

(if) Chromatid body present with rounded ends and they are bar like.
(i) Usually one or four nuclei are seen.

(iv) Nucleus not visible when unstained.

E. histolytica

: 3 r__nucleus

L food vacuoles
>
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Metastasis of \ :‘ S = 54 i Infective stage: mature cyst
amoebae to s * , : { with 4 nuclei).
tver, lungs pam— a— Infective route: mouth.

and brain

*Each mature cyst
gives 4 trophozoites.
*The trophozoites
adhere to the
cecum, colon and
rectum, and begin
to divide.

Pathol ogy:

.1 Intestinal amebiasis (Primary lesion): Invasion of the wall of large intestine, — ulcer is flask
shaped. Complications. Amoebic granuloma (ameboma), appendicitis, intestina perforation.

.2 Extraintestina amebiasis (Secondary lesions) occurs as a result of METASTASIS of
trophozoites to extra-intestinal organs and cause hepatic amebiasis (abscess); pulmonary amebiasis;
cerebral amebiasis; cutaneous amebiasis; spleenic abscess

Symptoms :
Acute amebiasis: Diarrhea, dysentery (stool containing blood
mucous and shreds of necrotic mucosa), acute
abdominal pain, and fever .

Chronic amebiasis. Recurrent attacks of dysentery, hepatomegally and weight loss




11 Parasitoloqy

Diagnosis

—Stool examination for cyst or
trophozoite.

-Sigmoidoscopy or aspiration.
—Immunological diagnosis.

Prevention and Control

* Patienis .md carriers:
- Intestinal amebiasis: Metronidazole (Flagyl)
— Extra-intestinal amebiasis: Diloxanide.

* Contamination of food and water with human
feces must be prevented.

* Boiling water kills E. fustolvtica cysts.
* Insect vector control.
* Personal hvgiene and health education.

Giardialamblia
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not invasive.
* Treatment: Flagyl

* Disease: Giardiasis or lambliasis.
* Infective stage: Mature cyst with 4 nuclei.
* Site of infection: Small intestine.

* Life cycle: Includes trophozoites and cysts.
Trophozoites live in small
attach themselves to intestinal mucosa but

intestine and

The trophozoites of G. lamblia are flattened pear shaped.

When stained, the trophozoite

1.has 2 nuclei, 2 slender median rods

2 .(axostyles), and 8 flagella arising
from the anterior end.

3 .The trophozoites have been described as
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looking like tennis rackets without the

handle.

4. They are often have a comical face-like appearance
when looking at the front view.

1.The cystsof G. lamblia are ellipsoid in shape .

2.They contain 4 nuclei which tend not to be obvious.

3.Longitudinal fibrils consisting of the remains of axonemes and parabasal bodies may also be seen .
4.Cysts may appear to shrink from the cell wall .

5.The cysts are infective as soon as they are passed.

Host: Humans ;

Residing site: small intestine

Infective stage: Cyst; Infective route: mouth

Ingestion of
GO SyRty
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Pathology: Atrophy and shortening of the villi. Possibly, the mucosal abnormalities are dueto
mechanical, toxicity effect, and impaired absorption of vitamin B12. Uptake of bile saltsby Giardia
inhibits the digestion of fats by pancrestic lipase and this leads to Mal absorption syndrome (greasy
stool called STEATORRHEA) .

OR MAY BE The parasite attach itself on surface of epithelia cell of intestine and in heavy infection
may cause disturbance of intestinal function especially the absorbance of fat and vitamin B12

Marmphology of Glavdia lamhlia trophbaroite

s L RV L -
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Clinical symptoms:

Diarrhea

Vomiting

Flatulence

Mal absorption syndrome

Weight loss.

Diagnosis:

1-Examination of stool for trophozoite or cyst.
2-Duodena aspiration.

Prevention and control

1-Patients and carriers: should treat with Metronidazole (Flagyl)
2-Insect vector control (flies, cockroaches)
3-Personal hygiene and health education
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Apicomplexa:

this phylum including a large group of protozoa all of them are parasites without any exception.
They do not possess any special organs of locomotion such as cilia or flagella ( they may have
flagella in some stages of their life cycle or may show amoeboid stage in some stages). They
reproduce asexually by schizogony followed by sexual syngamy; this is known as alternation of
generation. Most of them need two hosts in their life cycle.

Classiication:

Phylum: Apicomplexa
Class : Sporozoa
Subclass; Coccidia
Order:Encocenda
Suborder:

Eimerina |  Haemosporina
Genus: Toxoplasma Genus:Plasmodinm

Order Euccocuda has suborders of medical moportance to human wlich are Eimenina
Haemosporina.



Suborder: Haemosporina.

Genus: Plasmodium

Plasmodium was first identified by Laveran when he described parasites in the blood of malaria
patients in 1880. The fact that several species may be involved in causing different forms of
malaria was first recognized by Camillo Golgi in 1886. The contribution of insect hosts to the
Plasmodium life cycle was described by Ronald Ross in 1898. This parasite cause disease called
malaria. Malaria comes from “mal” and “aria,” which means “bad air.” Before the parasite that
caused malaria was discovered, people thought the disease was caused by foul air, and
associated it with marshes and low-lying swamps. They were not 100% wrong—those areas are
perfect breeding grounds for the mosquitoes which transmit malaria, and so infection often
occurs in and around these areas. There are four species responsible for human malaria and
these are P. falciparum, P. vivax, P. ovale and P. malariae.

The WHO estimates that in 2015 there were 214 million new cases of malaria resulting in
438,000 deaths. Others have estimated the number of cases at between 350 and 550 million for
falciparum malaria. The majority of cases (65%) occur in children under 15 years old. About 125
million pregnant women are at risk of infection each year; in Sub-Saharan Africa, maternal
malaria is associated with up to 200,000 estimated infant deaths yearly. P. falciparum (malignant
tertian malaria) and P. malariae (quartan malaria) are the most common species of malarial
parasite and are found in Asia and Africa. P. vivax (benign tertian malaria) predominates in Latin
America, India and Pakistan, whereas, P. ovale (ovale tertian malaria) is almost exclusively found
in Africa. Plasmodium falciparum is the most dangerous malarial parasite and the infected red
blood cells develop surface knobs which cause them to stick to endothelial cells, this causes
blockages and brain damage, often resulting in death, which can occur within a few days of
infection.



Morphology: there are different stage of malarial parasite (sporozoite which inter to the human by insect
bite they do not appear in blood because they immediately enter to liver cell) hepatic schizont (or
sometime called cryptozoite when they remain inside hepatic cell), merozoite, trophozoite (ring stage and
amoeboid stage which represent immature trophozoit and mature trophozoite which contain the
schizonts),gametocyte all these stages are found in human and here are the definition of some
morphological forms

Hepatic schizont: the actively dividing, multinucleated, parasite form in hepatocytes; produces no
inflammatory response.

Trophozoite: a metabolically active form of the malaria parasite living within the RBC; sometimes called
the ring form or amoeboid stage.

Erythrocytic schizont: multinucleated stage in a red blood cell (RBC) resulting from asexual multiplication
of trophozoite. Each schizont contains a species determined number of meroziotes.

Merozoite: the name given to infective schizont components that break out of RBC or hepatocyte and

then adhere to and penetrate a new RBC.

Gametocyte: morphologically distinctive sexual (male or female) form of the parasite which develops from
some trophozoites in RBCs. It is infective to mosquito.

Sporozoite: the morphological form which develops in the mosquito salivary gland and is injected when
the mosquito feeds and consequently infecting humans.

In mosquite there are the flollowing stages:

Microgamete: the first phase of development inside the gut of insect it is thread like filamentous it is form
by process called ex-flagellation

Macrogamete: it is one gamete which form by process of nuclear reduction

Ookinte: it is the zygote lengthen and mature zygote form by fertilization of macro and microgametes
Oocyst:itb is a spherical mass surrounded by a structureless capsule
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Figure 1: Plasmodium vivax in
Giemsa-stained thin blood smear
with all developmental stages
present in peripheral blood. (A)
Growing amoeboid trophozoite in
enlarged red blood cell (RBC) with
eosinophilic stippling (schuffner's
dots). (B) Immature schizonts with
clumps of brown pigment almost fill
the enlarged RBCs. (C) Mature
schizont with merozoites (about 14)
and clumped pigment. (D)
Macrogametocyte with diffuse

brown pigment and eccentric...



Life cycle:
The There are mainly two phases of development in the human asexual life cycle;
1-Inside the liver (tissue phase)
I)pre- erythrocytic (or primary or Exo-erythrocytic ) Schizogony- no clinical symptom and no
pathological damage.
ii)Hypnozoite stage: cause of malarial of relapse ( it is the phase persists in the liver cell as
dormant form known as hypnozoite which is capable of developing into merozoite and it is
responsible for relapses of vivax and ovale
2-Inside the red blood cell (Erythrocytic phase)
i) Erythrocytic schizogony; cause of malarial paroxysmss_3
iijGametogony- infects mosquito

while in the mosquite the sexual cycle is occurred

The life cycle of Plasmodium involves several distinct stages in the insect and vertebrate hosts.
In infected mosquitoes, parasites in the salivary gland are called sporozoites. When the
mosquito bites a vertebrate host, sporozoites are injected into the host with the saliva. From
there, the sporozoites enter the bloodstream and are transported to the liver(asexual cycles:1-
in liver:exerythrocytic cycle will begin), where they invade and replicate within hepatocytes.
At this point, some species of Plasmodium can form a long-lived dormant stage called a
hypnozoite which can remain in the liver for many yearsThe parasites that emerge from
infected hepatocytes are called merozoites, and these return to the blood to infect red blood
cells.
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Within the red blood cells(In blood: erythrocytic cycle will begin), the merozoites grow first to
a ring-shaped form, amebiod stage and then to a larger form called a trophozoite.
Trophozoites then mature to schizonts which divide several times to produce new merozoites.
The infected red blood cell eventually bursts, allowing the new merozoites to travel within the
bloodstream to infect new red blood cells. Most merozoites continue this replicative cycle,
however some merozoites upon infecting red blood cells differentiate into male or female
sexual forms called gametocytes. These gametocytes circulate in the blood until they are taken
up when a mosquito feeds on the infected vertebrate host, taking up blood which includes the
gametocytes.

In the mosquito(In insect: sexual cycle), the gametocytes move along with the blood meal to
the mosquito's midgut. Here the gametocytes develop into male and female gametes(
microgamete and macrogamete) which fertilize each other, forming a zygote. Zygotes then
develop into a motile form called an ookinete, which penetrates the wall of the midgut. Upon
traversing the midgut wall, the ookinete embeds into the gut's exterior membrane and
develops into an oocyst. Oocysts divide many times to produce large numbers of small
elongated sporozoites. These sporozoites migrate to the salivary glands of the mosquito where
they can be injected into the blood of the next host the mosquito bites, repeating the cycle



symptoms

‘The symptoms of malarial infection depend on the species ot Plasmodium that causes
the infection and also on the location and numbers of the parasites. Plasmodium
falciparum normally takes 7-14 days to show symptoms while P. Vivax and P. ovale
normally take 8-14 days and P. Malariae 7-30 days. In general, malaria causes the
following symptoms: headache, vague pains in the bones and joints, chilly sensations
and fever. As the disease progresses, the chills and fever become more prominent.
The chill and fever follow a cyclic pattern (paroxysm) with the symptomatic period
lasting 8-12 hours depending on the species of Plasmodium. It 1s the synchronous

(4l yie) rupture of red blood cells which gives the periodic fever. In between the
symptomatic periods, there 1s asymptomatic period, the duration of which depends
upon the species of the infecting parasite. This interval 1s about 34-36 hours 1n the
case of P. vivax and P.ovale (tertian malaria), and 58-60 hours in the case of P.
malariae (quartan malaria). In contrast«Classical tertian paroxysm is rarely seen in P.
falciparum.Without treatment, all species of human malaria may ultimately result in

spontaneous cure except with P. falciparum which becomes more severe
progressively and results in death. 1his organism causes blockage of capillary

vasculature 1n the brain, gastrointestinal and renal tissues. Chronic malaria results in
splenomegaly, hepatomegaly and nephritic syndromes.



Diagnosis
Plasmodium falciparum malaria is an acute life-threatening disease and rapid diagnosis is
required. Diagnosis is based on: 1. -Clinical picture: fever, chills, travel history and fever
pattern. In Plasmodium falciparum daily fever and rarley every 2 day fever while in other
species, most of the time intermittent fever every 2 or 3 days. 2. -Examination of blood:
[thin, thick smear, buffy coat and antigen capture (ELISA and PCR). The examination of
Giemsa stained blood smears for characteristics of species depends mainly on:
¢ The shape and size of trophozoite, schizont and gametocyte.
e Percentage of red blood cells with parasites (very rarley more than 1% parasitemia) in P.
vivax, P. ovale or P. malariae.
* The presence of metabolic debris in red blood cells around parasites (called Schuffner’s
dots) in P. vivax infection.
e Size of red blood cells which contain parasites (P. ovale and P. vivax infect younger red
blood cells.

Control:Control measures include removing the breeding sites (larviciding, larva eating fish,
and larva-killing bacteria), chemoprophylaxis and avoidance (using nets, screens, repellents,
and insecticide treated bed nets). Chemoprophylaxis is a medication taken at regular
intervals to kill one or more of the morphological forms (stages) of the malaria parasite and
therefore prevent the onset of clinical illness.










Liver fluke : Fasciola hepatica

Liver fluke is a collective name of a poly{phyletic group of parasitic flat worms under the phylum Platyhelminthes. They are principally

parasites of the liver of various mammals, including humans. They parasitize in bile ducts, %allbladder, and liver parenchyma. In these

organs, thee/ produce patholo?lcal lesions leading to parasitic diséases. They have complex life cycles requiring two or three different
osts, with free-living larval stages in water.

Fasciola hepatica, also known as the common liver fluke or sheeP liver fluke, is a parasitic trematode (fluke or flatworm, a type of

helminth) of the class Trematoda, phylum Platyhelminthes. It infects the livers of various mammals, including humans. The disease

caused b¥: the fluke is called fasciolosis or fascioliasis, which is a type of helminthiasis and has been classified as a neglected tropical

disease. Fasciolosis is currentlY classified as a plant/food-borne trematode infection, often acquired through eating the parasite
metacercariae encysted on plants

The body of liver flukes is leaf-like, and flattened. The body is covered with a tegument. They are hermaphrodites having complete sets
of both male and female reproductive systems. They have simple digestive system, and primarily feed on blood. The anterior end is the
oral sucker opening into the mouth. Inside, mouth lead to a small pharynx which is followed by an extended intestine that runs through
the entire len%th of the body. The intestine is heavily branched and anus is absent. Instead the intestine runs along an excretory canal
that opens at the posterior end. Adult flukes produce eggs which are passed out through the excretory pore. The eggs infect ditfferent
species of snails Las intermediate hosts) in which they grow into larvae. The larvae are released into the environment from where the
efinitive hosts g umans and other mammals) get the infection. In some species, another intermediate host is required, generally a
cyprinid fish. In this case, the definitive hosts are infected from eating infected fish. Hence, they are food-borne parasites

Fasciola hepatica is one of the largest flukes of the world, reaching a length of 30 mm and a width of 13 mm ﬁFasciola gigantica, on the
other hand, is even bigger and can reach up to 75 mm.lIt is leaf-shaped, pointed at the back (posteriorly) and wide in the front
(anteriorly). The oral sucker is small but powerful and is located at the end of a cone-shape projection at the anterior end. The

acetabulum is a larger sucker than the oral sucker’and is located at the anterior end



Fasciola hepatica occurs in liver of definitive host and its life cycle is indirect. Definitive hosts of the flukerare
cattle, sheep and buffaloes. Wild ruminants and other mammals, including humans, can act as definitive hosts as
well. The life cycle of F. hepatica goes through the intermediate host and several environmental larval
stages.Intermediate hosts of F. hepatica are air-breathing freshwater snails from the family Lymnaeidae. Although
several lymnaeid species susceptible to F. hepatica have been described, the parasite develops only in one or two
major species on each continent. Lymnaea viator, L. neotropica, are most common intermediate hosts. Several
other lymnaeid snails may be naturally or experimentally infected with F. hepatica but their role in transmission of
the fluke is low. The metacercariae are released from the freshwater snail as cercariae, and form cysts on various
surfaces including aquatic vegetation. The mammalian host then eats this vegetation and can become infected.
Humans can often acquire these infections through eating freshwater plants such as watercress. Inside the
duodenum of the mammalian host, the metacercariae are released from within their cysts. From the duodenum,
they burrow through the lining of the intestine and into the peritoneal cavity. They then migrate through the
intestines and liver, and into the bile ducts. Inside the bile ducts, they develop into an adult fluke.In humans, the
time taken for F. hepatica to mature from metacercariae into an adult fluke is roughly 3 to 4 months. The adult
flukes can then produce up to 25,000 eggs per fluke per day. These eggs are passed out via stools and into
freshwater. Once in freshwater, the eggs become embryonated, allowing them to hatch as miracidia, which then
find a suitable intermediate snail host of the Lymnaeidae family. Inside this snail, the miracidia develop into
sporocysts, then to rediae, then to cercariae. The cercariae are released from the snail to form metacercariae and
the life cycle begins again.
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The alimentary canal of F. hepatica has a single mouth which leads into the blind gut; it has no anus. The mouth is located within
the anterior sucker on the ventral side of the fluke. This mouth leads to the pharynx, which is then followed by a narrow
oesophagus. The oesophagus, which is lined with a thin layer of epithelial cells, then opens up into the large intestine. As there is
no anus, the intestine branches, with each branch ending blindly near the posterior end of the body.It has been shown that flukes
migrate into smaller capillaries and bile ducts when feeding within the host. They use their mouth suckers to pull off and suck up
food, bile, lymph and tissue pieces from the walls of the bile ducts.F. hepatica relies on extracellular digestion which occurs
within the intestine of the host. The waste materials are egested through the mouth. The non-waste matter is adsorbed back™in
through the tegument and the general surface of the fluke. The tegument facilitates this adsorption by containing many small
folds to increase the surface area.

Respiratory systemF. hepatica has no respiratory organs: the adult flukes respire anaerobically (without oxygen). Glycogen, taken
from within the host is broken down via glycolysis to produce carbon dioxide and fatty acids. This process provides the fluke with
energy. In contrast, the free-living miracidia stages of the parasite generally develop within oxygen rich environments. It is

therefore believed that the free-living stages of the parasite respire aerobically, to gain the most energy from their environment.

Excretory system

F. hepatica's excretory system contains a network of tubules surrounding one main excretory canal. This canal leads to the
excretory pore at the posterior end of the fluke. This main canal branches into four sections within the dorsal and ventral regions
of the body. The role of F. hepatica's excretory system is excretion and osmoregulation.Each tubule within the excretory system is
connected to a flame cell, otherwise known as protonephridia. These cells are modified parenchyme cells. In F. hepatica their role
is to perform excretory, but more importantly, osmoregulatory functions. Flame cells are therefore primarily used to remove
excess water.



Nervous system and sensory organs[edit]

The nerve system of Fasciola hepatica consists of a pair of nerve ganglia, each one is located on either side of the oesophagus.
Around the oesophagus is a nerve ring. This nerve ring connects the two nerve ganglia together. The nerves stem off from this ring,
reaching all the way down to the posterior end of the body. At the posterior end, one pair of nerves become thicker than the others
these are known as the lateral nerve cords. From these lateral nerve cords, the other nerves branch. Sensory organs are absent fror
F. hepatica.

Reproductive system

F. hepatica adult flukes are hermaphrodite, this means each fluke contains both male and female reproductive organs. The male an
female reproductive organs open up into the same chamber within the body, which is called the genital atrium. The genital atrium i
an ectodermal sac which opens up to the outside of the fluke via a genital pore.The testes are formed of two branched tubules,
these are located in the middle and posterior regions of the body. From the epithelium lining of the tubules sperm is produced. The
sperm then passes into the vas deferens and then into the seminal vesicle. From the seminal vesicle projects the ejaculatory duct
and this is what opens up into the genital atrium, many prostate glands surround this opening.On the right hand side of the anterior
testis there is a branched, tubular ovary. From here, a short oviduct passes to the vitelline duct. This duct connects, via a junction,
the ovaries, the uterus and the yolk reservoir. From this junction, the uterus opens into the genital atrium, this opening is
surrounded by Mehlis glands. In some flukes, the terminal end of the uterus is strengthened with muscles and spines

F. hepatica reproduces both sexually, via the hermaphrodite adult flukes, and also asexually. The miracidia can reproduce asexually
within the intermediate snail host.



Fasciola hepatica’s tegument protects it from the enzymes of the host's stomach, whilst still allowing water to pass
through.Free-swimming larvae have cilia and the cercariae have a flagella-like tail to help them swim through the
aquatic environment and also allow them to reach the plants on which they form a cyst.To attach within the host, F.
hepatica has oral suckers and body spines. Their pharynx also helps it to suck onto the tissues within the body,
particularly within the bile ducts.The adult fluke's respiration is anaerobic, this is ideal as there is no loxygen
available in the liver.F. hepatica is adapted to produce a large number of eggs, this increases its chances of survival,
as many eggs are destroyed on release into the environment. Also, F. hepatica is hermaphrodite, thus all flukes can
produce eggs, increasing the number of offspring produced by the population.

The genome for Fasciola hepatica was published in 2015. F. hepatica's genome, is one of the largest known pathogen
genomes. The genome contains many polymorphisms, and this represents the potential for the fluke to evolve and
rapidly adapt to changes in the environment, such as host availability and drug or vaccine interventions.



Both F. hepatica and F. gigantica can cause fasciolosis. Human symptoms vary depending on if the dise@se is chronic
or acute. During the acute phase, the immature worms begin penetrating the gut, causing symptoms of fever,
nausea, swollen liver, skin rashes and extreme abdominal pain.The chronic phase occurs when the worms mature in
the bile duct, and can cause symptoms of intermittent pain, jaundice and anemia.In cattle and sheep, classic signs
of fasciolosis include persistent diarrhea, chronic weight loss, anemia and reduced milk production. Same remain
asymptomatic. F. hepatica can cause sudden death in both sheep and cattle, due to internal hemorrhaging and liver
damage.

Fasciolosis is an important cause of both production and economic losses in the dairy and meat industry. Over the
years, the prevalence has increased and it is likely to continue increasing in the future. Livestock are often treated
with Flukicides, which are chemicals toxic to flukes. The two chemicals used are triclabendazole and bithionol.
lvermectin, which is widely used for many helminthic parasites, has low effectivity against F. hepatica, as does
praziquantel.For humans, the type of control depends on the setting. One important method is through the strict
control over the growth and sales of edible water plants such as watercress. This is particularly important in highly
endemic areas. Some farms are irrigated with polluted water, hence, vegetables farmed from such land should be
thoroughly washed and cooked before being eaten.

The best way to prevent Fasciolosis is by reducing the lymnaeid snail population or separating livestock from areas
with these snails.These two methods are not always the most practical, so control by treating the herd before they
are potentially infected is commonly practiced.



A diagnosis may be made by finding yellow-brown eggs in the stool. They are indistinguishable from the eggs of
Fascioloides magna, although the eggs of F. magna are very rarely passed in sheep, goats, or cattle. If /@ patient has
eaten infected liver, and the eggs pass through the body and out via the faeces, a false positive result/to the test
can occur. Daily examination during a liver-free diet will unmask this false diagnosis.

An enzyme-linked immunosorbent assay (ELISA) test is the diagnostic test of choice. ELISA is available commercially
and can detect anti-hepatica antibodies in serum and milk; new tests intended for use on faecal samples are being

developed. Using ELISA is more specific than using a Western blot or Arc2 immunodiffusion.Proteases secreted by F.
hepatica have been used experimentally in immunizing antigens




Clonorchis sinensis,

the Chinese liver fluke, is a human liver fluke belonging to the class Trematoda, phylum Platyhelminthes. [his
parasite lives in the liver of humans, and is found mainly in the common bile duct and gall bladder, feeding on bile.
These animals, which are believed to be the third most prevalent worm parasite in the world, are endemic to
Japan, China, Taiwan, and Southeast Asia, currently infecting an estimated 30,000,000 humans. 85% of cases are
found in China. The infection called clonorchiasis generally appears as jaundice, indigestion, biliary inflammation,
bile duct obstruction, even liver cirrhosis, cholangiocarcinoma (CCA), and hepatic carcinoma.

It is the most prevalent human trematode in Asia, and still actively transmitted in Korea, China, Vietnam and also
Russia, with 200 million people at constant risk. Recent studies have proved that it is definite cancer-causing agent
in the liver (carcinoma) and bile duct (CCA). For this reason the International Agency for Research on Cancer has
classed it as a group 1 biological carcinogen in 2009.

An adult C. sinensis is a flattened (dorso-ventrally flat) and leaf-shaped fluke. The body is slightly elongated and slender,
measuring 15-20 mm in length and 3-4 mm in width. It narrows down at the anterior region into a small opening called oral sucker,
which act as the mouth. From the mouth run two tubes called caeca throughout the length of body. They are the digestive and
excretory tracts. The posterior end is broad and blunt. A poorly developed ventral sucker lies behind the oral sucker, at about one-
fourth of the body length form the anterior end. A common genital pore opens just in front of it. As a hermaphrodite, it has both
male and female reproductive organs. A single rounded ovary is at the centre of the body, and two testes are towards the
posterior end. The uterus from the ovary, and seminal ducts from the testes meet and opens at the genital pore. The testes are
highly branched. Another highly branched organs called vitellaria (or vitelline glands) are distributed on either side of the body.
The eggs are similar to those of other related flukes such as Opisthorchis viverrini and O. felineus, and are often confused during
diagnosis. They small and oval in shape, measuring about 30x15 pym in diameter. They are sharply curved and with a clear convex

operculum towards the narrower end. At the broader end is a stem-shaped knob. The larva called miracidium can be seen inside
the fertilised egg.



The eggs of a C. sinensis are released through the biliary tract, and excreted out along with the faeces. The eggs are embryonated and contain the larvae called miracidia.
Unlike most other flukes in which the miracidia undergo development and swim in water to infect suitable host, the eggs of C. sinensis are simply deposited in water. The eggs
are then eaten up by snails.

First intermediate host

Freshwater snail Parafossarulus manchouricus often serves as a first intermediate host for C. sinensis in China, Japan, Korea and Russia.Other snail hosts include Alocinma
longicornis Bithynia longicornis, Bithynia fuchsiana, Bithynia misella, Parafossarulus anomalospiralis, Melanoides tuberculata, Semisulcospira cancellata, Semisulcospira
amurensis, Semisulcospira libertina, and Assiminea lutea in China.and Melanoides tuberculata in Vietham.

Once inside of the snail body, the embryonic membrane is dissolved by the snail's digestive enzymes so that the miracidium hatches from the egg. The ciliated miracidium can
move about, penetrating the intestine, enters the haemocoel and digestive gland. Here it undergoes metamorphosis into a sporocyst. The sporocyst gives rise to small larvae
called rediae. The rediae burst out from the sporocyst to become the next-stage larvae called cercaria. This system of asexual reproduction allows for an exponential
multiplication of cercaria individuals from one miracidium. This aids the Clonorchis in reproduction, because it enables the miracidium to capitalize on one“chance occasion of
passively being eaten by a snail before the egg dies. The mature cercariae 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, otherwise they die.

The ceraciae of C. sinensis are different from those of other flukes in that they do not actively swim. In stead, 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 again. They simple attack fish when they feel any disturbance in
their life-style.

Second intermediate host

When they detect fish, they attached themselves on the scales using their suckers. Boring their way into the fish's body, they penetrate into the fish muscle within 6 to 13
minutes. Within an hour of penetration they develop hard coverings called cysts, and become metacercariae. This protective cyst proves useful when the fish muscle is
consumed by a host. The metacercariae gradually develop and become infective to the next hosts after 3-4 weeks.

The common second intermediate hosts are freshwater fish: common carp (Cyprinus carpio), grass carp (Ctenopharyngodon idellus), crucian carp (Carassius carassius), goldfish
(Carassius auratus), Pseudorasbora parva, Abbottina rivularis, Hemiculter spp., Opsariichthys spp., Rhodeus spp., Sarcocheilichthys spp., Zacco platypus, Nipponocypris
temminckii , and pond smelt (Hypomesus olidus). In China (including Taiwan), 102 species of fish and four species of shrimp are known to be the intermediate hosts. In Korea,
40 species of freshwater fish are recorded as hosts. Seven species of fish are known as hosts in Russia.

Definitive host

The metacercariae are eaten along with raw or undercooked fish. The cysts of the metacercariae are gradually digested by the human gastric acids, and upon reaching the
small intestines, the entire cyst is lost. The free metacercariae penetrate the intestinal mucosa and enters the bile ducts. It takes 1-2 day for migration into the bile ducts.
They start feeding on the bile secreted from the liver, and gradually grow. They become adult in about a month, and start laying eggs. The average lifespan of an adult fluke is
30 years. An individual fluke can produce 4,000 eggs in a day.

The definitive hosts are fish-eating mammals such as dogs, cats, rats, pigs, badgers, weasels, camels, and buffaloes.



Dwelling in the bile ducts, Clonorchis induces an inflammatory reaction, epithelial hyperplasia and sometimes even cholangiocarcinoma, the
incidence of which is raised in fluke-infested areas.

One adverse effect of Clonorchis is the possibility for the adult metacercaria to consume all bile created in the liver, which would iphibit.the host
human from digesting, especially fats. Another possibility is obstruction of the bile duct by the parasite or its eggs, leading to biliary obstruction
and cholangitis (specifically oriental cholangitis).

Unusual cases of liver abscesses due to clonorchiasis have been reported. Liver abscesses may be seen even without dilatation of intrahepatic bile
ducts.

Symptoms

While normally asymptomatic most pathological manifestations result from inflammation and intermittent obstruction of the biliary ducts. The
acute phase consists of abdominal pain with associated nausea and diarrhea. Long-standing infections consist of fatigue, abdominal discomfort,
anorexia, weight loss, diarrhea, and jaundice. The pathology of long-standing infections consist of bile stasis, obstruction, bacterial infections,
inflammation, periductal fibrosis, and hyperplasia. Development of cholangiocarcinoma is progressive.

Diagnosis and treatment

Infection is detected mainly on identification of eggs by microscopic demonstration in faeces or in duodenal aspirate. But other sophisticated
methods have been developed such as ELISA, which has become the most important clinical technique. Diagnosis by detecting DNAs from eggs in
faeces are also developed using PCR, real-time PCR, and LAMP, which are highly sensitive and specific. Imaging diagnosis has been studied in depth
and is now widely used. Drugs used to treat infestation include triclabendazole, praziquantel, bithionol, albendazole, levamisole and
mebendazole. However, benzimidazoles are very weak as vermicide. As with other trematodes, praziquantel is the drug of choice. Lately,
tribendimidine has been acknowledged as an effective and safe drug.

Genetics

The draft genome sequence of C. sinensis was published in 2011. The total genome size is estimated to be 580 Mb, and the GC content was

calculated as approximately 43.85%. About 16,000 genes are predicted, out of which 13,634 genes have been identified.



