
Parasitology



Protozoa
• Protozoa are a diverse group of

unicellular, eukaryotic organisms

• These pathogens are of three general
kinds: those that parasitize intestinal
tract, urogenital tracts and those that
parasitize blood cells and tissues.

Protozoa are classified
according to the mode
of locomotion



• INTESTINAL PROTOZOAL INFECTIONS

• There are four principal protozoal intestinal parasites:
the amoeba, Entamoeba histolytica; the flagellate,
Giardia lamblia; the sporozoan, Cryptosporidium
(several species); and Balantidium coli (the only ciliate
protozoan to cause human disease).

• Each pathogen causes diarrhea, which, although
similar, differ in the site of infection, its severity, and
secondary consequences. E. histolytica predominantly
involves caecum and large intestine.



Amebic dysentery (Entamoeba histolytica)
• Ingested cysts from contaminated food or water form trophozoites

in the small intestine → These pass to the colon, where they feed
on intestinal bacteria, and may invade the epithelium, potentially
inducing ulceration → The parasite can further spread to the liver
(most common extraintestinal site of amebiasis) and cause
abscesses.

• In the colon, trophozoites form cysts that pass in the
feces→Amebic cysts are resistant to chlorine concentrations used
in most water treatment facilities.

• Diagnosis is made by examination of fecal samples for motile
trophozoites or cysts (strongyloides transmission can’t take place)

• Liver abscesses should be biopsied from the abscess edge where
the active amebas accumulate.

• Up to 80% of infections due to E. histolytica are asymptomatic →
These asymptomatic cyst-passers are a source of infection to others
and may not be detected because they are asymptomatic.

• Investigation of choice for invasive amoebiasis is ELISA



A. Life cycle of Entamoeba histolytica.

B. Photomicrographs of trophozoite and cyst forms.
Amoebic liver abscess can be diagnosed by demonstrating
trophozoites in pus.



Tetranucleate (4 nucleus) cyst of Entamoeba histolytica





• BLOOD AND TISSUE PROTOZOAL INFECTIONS
• The major protozoal diseases that involve the blood and

internal organs are malaria (Plasmodium species),
toxoplasmosis (Toxoplasma species), trypanosomiasis
(Trypanosoma species), and leishmaniasis → kala azar
(Leishmania species). LD bodies are seen in Leishmania.

• Plasmodium and Toxoplasma are sporozoans
(apicomplexa), whereas Trypanosoma and Leishmania are
flagellates sometimes referred to as hemoflagellates.

• Three free-living amebas cause amoebic encephalitis in
humans.

• Babesia microcoti causes babesiosis, which is transmitted
to humans by the bite of an Ixodes tick and results in a red
blood cell (RBC) infection, similar to that caused by
Plasmodium species.



Malaria (Plasmodium falciparum and other species)
• Malaria is an acute infectious disease of the blood, caused by one

of five species of the protozoal genus, Plasmodium, which is a
sporozoan.

• P. falciparum accounts for some 15 percent of all malaria cases,
and P. vivax for 80 percent of malarial cases.

• Because the malaria parasite is found in red blood cells of
an infected person, malaria can also be transmitted through blood
transfusion, organ transplant, or the shared use of needles or
syringes contaminated with blood.

Sporozoans reproduce asexually in human cells by a
process called schizogony, in which multiple nuclear
divisions are followed by envelopment of the nuclei by
cell walls producing merozoites. → these, in turn,
become trophozoites.
Sexual reproduction occurs in the mosquito, where
new spores (sporozoites) are formed. In transmission of
malaria mosquito bite transfers sporozoite stage into
man. Gametocytes are infective to mosquitoes.

Sickle shaped sporozoite



Pathology and clinical significance:
• Plasmodium sporozoites are injected into the bloodstream, where they

rapidly migrate to the liver.→ There they form cyst-like structures
containing thousands of merozoites → Upon release, the merozoites
invade RBCs, using hemoglobin as a nutrient → Eventually, the infected
RBCs rupture, releasing merozoites that can invade other erythrocytes.
Malaria pigment is hematin – globin pigment

• If large numbers of RBCs rupture at roughly the same time, a paroxysm
(sudden onset) of fever can result from the massive release of toxic
substances.

• A predictable consequence of RBC lysis is anemia, which is due to
hemolysis, spleen sequestration, bone marrow depression typical of
Plasmodium infections.

• P. falciparum is the most dangerous plasmodial species → It can cause a
rapidly fulminating disease, characterized by persistent high fever
(without rogors) and orthostatic hypotension. Infection can lead to
capillary obstruction and death if treatment is not prompt.

• P. malariae, P. vivax, and P. ovale cause milder forms of the disease,
probably because they invade either young or old red cells, but not both
→ This is in contrast to P. falciparum, which invades cells of all ages (P
falciparum causes black water fever → hemozoin pigment, dark brown
malaria pigment)





• Diagnosis and treatment: Diagnosis depends on detection of
the parasite inside RBCs

• Thick blood smears stained with Giemsa stain provide the
most sensitive visual test.

• Serologic tests are usually too slow for diagnosis of acute
disease.

• Drug treatment is determined by the Plasmodium species that
is causing the infection.

• Because P. falciparum has no exoerythrocytic phase, it needs
only to be treated with quinine, artemisin, mefloquine or
doxycycline, depending on resistance patterns in the given
geographic location.

• Chloroquine resistance is so prevalent among P. falciparum
that it is almost never used for this organism any more.

• For ovale or vivax infections, after treatment with chloroquine,
a two-week course of primaquine is necessary to achieve a
“radical cure” by eliminating exoerythrocytic organisms that
persist in the liver.

• If, in the geographic location of infection, there is chloroquine
resistance among P. vivax or P. ovale, then an alternative drug
must be used prior to radical cure.

• Before treatment with primaquine, patients should be
screened for glucose 6-phosphate dehydrogenase deficiency
as individuals with deficiency of this enzyme develop
hemolytic anemia, sometimes very severe, when treated with
primaquine

Ring form of 
Plasmodium falciparum

in red blood cell.

The colored dots described by

Schüffner in Plasmodium vivax

are fine caveolae (=

invaginations) at the surface of

infected reticulocytes (which
become filled with the stain).



Toxoplasmosis (Toxoplasma gondii)
• Toxoplasma gondii is an intracellular sporozoan, distributed worldwide, that

infects all vertebrate species, although the definitive host is the cat.
• Humans can become infected by the accidental ingestion of oocysts present

in cat feces, by eating raw or undercooked meat, congenitally from an
infected mother, or from a blood transfusion

Pathology and clinical significance: There are two kinds of
• Toxoplasma trophozoites found in human infections: rapidly growing

tachyzoites (“tachy-” = rapid) that are seen in body fluids in early, acute
infections, and slowly growing bradyzoites (“brady-” = slow) that are
contained in cysts in muscle and brain tissue and in the eye.

• Tachyzoites directly destroy cells, particularly parenchymal and
reticuloendothelial cells, whereas bradyzoites released from ruptured
tissue cysts cause local inflammation with blockage of blood vessels and
necrosis.

• Infections of normal human hosts are common and usually asymptomatic.
However, they can be very severe in immunocompromised individuals, who
may also suffer recrudescence (relapse) of the infection.

• Congenital infections can also be severe, resulting in stillbirths, brain
lesions, and hydrocephaly, and they are a major cause of blindness in
newborns



• The life cycle and
morphological forms of
Toxoplasma gondii.

• (a) The cycle in cats and
their prey.

• (b) The cycle in other
animal hosts.

• The zoonosis has a large
animal reservoir
(domestic and wild) that
becomes infected through
contact with oocysts in
the soil.

• Humans can be infected
through contact with cats
or ingestion of
pseudocysts in animal
flesh. Infection in
pregnant women is a
serious complication
because of the potential
damage to the fetus.



• Diagnosis and treatment: The initial diagnostic
approach involves detection of parasites in tissue
specimens, but this may often be inconclusive.

• With the recent availability of commercial
diagnostic kits, serologic tests to identify
toxoplasma are now routinely used.

• These include tests for Toxoplasma-specific
immunoglobulin (Ig)G and IgM.

• The treatment of choice for this infection is the
antifolate drug pyrimethamine, given in
combination with sulfadiazine.

• For patients who can not receive sulfa drugs,
clindamycin can be added to pyrimethamine.



Leishmaniasis
• Leishmaniasis refers to a group of infections caused by the

flagellate protozoa of the genus Leishmania.
• There are three clinical types of leishmaniasis: cutaneous,

mucocutaneous, and visceral.
• The various infective organisms are indistinguishable

morphologically but can be differentiated biochemically.
• Two subgenera are recognized (Leishmania leishmania and

Leishmania viannia), each with several species.
• Any species has the potential to cause one of three clinical

manifestations.
• The natural reservoir of the parasite varies with geography

and species but is usually wild rodents, dogs, and humans.
• Transmission to humans is by the bite of the female sandfly

of the genus Phlebotomus or Lutzomyia .



Life cycle of Leishmania

1. Cutaneous leishmaniasis (local name, “oriental sore”): This disease
is caused by Leishmania tropica. The cutaneous form of the disease is
characterized by ulcerating single or multiple skin sores. Most cases
spontaneously heal, but the ulcers leave unsightly scars. In Mexico and
Guatemala, the cutaneous form is due to Leishmania mexicana, which
produces single lesions that rapidly heal.

2. Mucocutaneous leishmaniasis : In this form of the disease, the
parasite attacks tissue at the mucosal-dermal junctions of the nose
and mouth, producing multiple lesions.
Extensive spreading into mucosal tissue can obliterate the nasal
septum and the buccal cavity, ending in death from secondary
infection.

3. Visceral leishmaniasis (local name, kala-azar): This disease is
caused by Leishmania donovani
In the visceral disease, the parasite initially infects macrophages,
which, in turn, migrate to the spleen, liver, and bone marrow, where
the parasite rapidly multiplies.
Symptoms include intermittent fevers and weight loss.
The spleen and liver enlarge, and jaundice may develop. Mortality is
nearly 100% within 2 years if the disease is untreated.



Cutaneous Leishmaniasis



• Diagnosis and treatment: Diagnosis is made by examination
of Giemsa-stained tissue and fluid samples for the
nonflagellated form (amastigote), which is the only form of
the organism that occurs in humans and other mammals.

• Cutaneous and mucocutaneous disease can be diagnosed
from tissue samples taken from the edges of lesions or lymph
node aspirates. NNN (Novy-MacNeal-Nicolle) medium is the
most common culture medium for Leishmania isolation

• Visceral disease is more difficult to diagnose, requiring liver,
spleen, or bone marrow biopsy.

• Serologic tests (for example, indirect fluorescent antibody, and
complement fixation) are used for Disease Control and
Prevention.

• The treatment of leishmaniasis is difficult because the
available drugs have considerable toxicity and high failure
rates.

• Pentavalent antimonials, such as sodium stibogluconate, are
the conventional therapy, with pentamidine and amphotericin
B as second-line agents.



Helminths

• Helminths are worms,
some of which are
parasitic to humans.
These parasites belong to
one of three groups:

• cestodes (tapeworms),

• trematodes (flukes), or

• nematodes (roundworms)



CESTODES
• Cestodes (tapeworms) are ribbon-like, segmented worms that are primarily intestinal

parasites.
• They lack a digestive system and do not ingest particulate matter but, instead, absorb

soluble nutrients directly through their cuticles.
• In the small intestine, some species (for example, the tapeworm Diphyllobothrium latum

→ fish tapeworm → causes megaloblastic anemia called as bothriocephalus anemia →
tapeworm absorbs large amount of Vit B12→ B12 deficiency in body) can attain enormous
lengths of up to 15 meters. Adult T. saginata tapeworms are usually 4 to 12 meters in
length, but can be as long as 25 meters.

• Fish tapeworm also causes megaloblastic anemia.
• Cestodes cause clinical injury by sequestering the host’s nutrients; by excreting toxic waste;

and, in massive infestations, by causing mechanical blockage of the intestine.
• The anterior end of the worm consists of a scolex, a bulbous structure with hooks and

suckers that functions to attach the worm to the intestinal wall
• The body (strobila) is composed of many segments (proglottids), which form continuously

in the region just behind the scolex.
• Each proglottid has a complete set of sexual organs (that, both male and female) that

generate fertilized eggs.
• The mature, egg-filled proglottids are located at the posterior end of the organism.
• These can break off the chain and pass out of the body in the stool.
• Note that Taenia solium has two different disease manifestations, depending on whether

transmission is by ingestion of larvae from undercooked pork or by ingestion of its eggs.
• In the former case, infestation is limited to the intestines, whereas, in the latter case, the

eggs develop into larvae that form cysts (cysticerci) in the brain and other tissues →
cysticercosis caused by Taenia solium.





Auto infection is seen in: 

• Strongyloides stercoralis

• Enterobius vermicularis

• Hymenolopsis nana

• Taenia solium



• Cystic echinocccosis (CE), also known as hydatid disease,

is caused by infection with the larval stage of
Echinococcus granulosus



TREMATODES
• Trematodes, commonly called flukes, are small (about 1 cm), flat, leaf-like

worms that, depending on the species, infest various organs of the human host
(for example, intestinal veins, urinary bladder, liver, or lung).

• All parasitic trematodes use freshwater snails as an intermediate host.
A. Hermaphroditic flukes
• Developmental events in the life cycle of a typical fluke begin when the adult

fluke, which is hermaphroditic, produces eggs in the human (the definitive
host).

• The eggs are then excreted into the environment.
• The first larval stage (miracidium) develops inside the eggs.
• These larvae seek out and infect suitable snail species, which are the first

intermediate host.
• In the snail, asexual reproduction occurs, during which several intermediate

developmental forms can be distinguished, including sporocyst; redia (an early
larval stage); and, eventually, large numbers of the final larval stage, called
cercariae, which leave the snail and seek out a second intermediate host (a fish
or crustacean, depending on the species of fluke).

• In this second intermediate host, the cercariae form cysts called metacercariae
that can remain viable indefinitely. Finally, if the infected raw or undercooked
fish or crustacean is eaten by a human, the metacercaria excysts (emerges
from cysts), and the fluke invades tissues such as the lung or the liver and
begins producing eggs, thus completing the life cycle



Sexual flukes (schistosomes)
• The life cycle of schistosomes is similar to that of hermaphroditic

flukes. One difference is that schistosomes have only one
intermediate host, the snail.

• Another difference is that schistosomiasis is not acquired by
ingestion of contaminated food, but rather from schistosome
cercariae directly penetrating the skin of waders or swimmers in
contaminated rivers and lakes.

• After dissemination and development in the human host, adult
schistosomes take up residence in various abdominal veins,
depending on the species and are, therefore, called “blood flukes.”

• Also in contrast to the “typical” hermaphroditic flukes described
schistosomes have separate, distinctive sexes.

• Fertilized eggs penetrate the human host’s vascular walls and enter
the intestine or bladder, emerging from the body in feces or urine.

• In fresh water, the organisms infect snails in which they multiply,
producing cercariae (the final, free-swimming larval stage), which
are released into the fresh water to complete the cycle.



Characteristics and therapy for commonly encountered trematode infections



Nematodes
• The nematodes (roundworms) are elongated, nonsegmented worms that

are tapered at both ends
• Unlike other helminths nematodes have a complete digestive system,

including a mouth, an intestine that spans most of the body length, and an
anus.

• The body is protected by a tough, noncellular cuticle.
• Most nematodes have separate, anatomically distinctive sexes.
• The mode of transmission varies widely, depending on the species, and

includes direct skin penetration by infectious larvae, ingestion of
contaminated soil, eating undercooked pork, and insect bites.

• The parasites can invade almost any part of the body: liver, kidneys,
intestines, subcutaneous tissue, and eyes.

• Generally, nematodes are categorized by whether they infect the intestine
or other tissues

• Alternatively, they can be divided into those for which the eggs are
infectious and those for which the larvae are infectious.

• The most common nematode infection in the is enterobiasis (pinworm
disease), which causes anal itching but otherwise does little damage.

• A more serious disease of worldwide occurrence is ascariasis, caused by
Ascaris lumbricoides (medusa lock appearance is seen in X ray)



Threadworm

Highest anemia in tropics


