Medically
Important
Parasites
Chapte r

six

Vocabulary

The parasites are the largest and most diverse group of eukaryotes that cause
human disease. As usual, we need some new terminology before we can dive in, but
remember these diseases tend to be superﬁcially tested on the USMLE, simply
because they are not common in the US.
Protozoa - single celled protists classiﬁed by their motility:

• Amebae – move by pseudopodia
• Ciliates – move by many, short, hair-like processes
• Flagellates – move by few, longer, hair-like processes
• Sporozoa/apicomplexa – obligate intracellular protozoa which reproduce
sexually and asexually and use an “apical complex” to penetrate host cells.

Trophozoite - feeding form
Cyst - transmission form that is resistant to the environment
Amastigote - a ﬂagellate that has only the vestige of a ﬂagellum internally
Trypomastigote - the form of hemoﬂagellate found in human blood or the insect

vector that has external ﬂagella and an undulating membrane going down one side,
so movement is both directional and rotational.
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Helminths (Metazoa) – worms

Nematodes (roundworms) – round in cross-section

• Most phylogenetically advanced
• Complete digestive tract (mouth, intestine, anus)
• Separate sexes
• Simple life cycles with egg, larva, adult in one or few hosts

Flatworms (ﬂukes and tapeworms) – dorsoventrally ﬂattened

• Flukes (trematodes)
◊ Incomplete digestive tract – mouth, intestine, no anus
◊ Hermaphroditic (except schistosomes which have separate sexes)
◊ Complex life cycles with egg, larvae, adults in multiple hosts
• Tapeworms (cestodes)
◊ Most highly adapted to parasitic lifestyle
◊ No digestive tract (absorb nutrients through cuticle)
◊ Hermaphroditic
◊ Complex live cycles with egg, larvae, adults in multiple hosts

Hosts

• Deﬁnitive - harbors the most adult or sexually reproductive stages of the parasite
• Intermediate - harbors the immature or asexually reproductive stages of the
parasite.
• Be aware that this does not always follow your anthropomorphic values!
Man is NOT the deﬁnitive host for everything we are interested in. For example, in
malaria, the mosquito is the deﬁnitive host. In toxoplasmosis, the cat is the deﬁnitive
host. In each of these cases, the human plays the role of the intermediate host.
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Anti-Parasitic Drugs:
Use

Mechanism of Action

Drug

Protozoa
Malaria, acute attack

4-aminoquinolone, Inhibits
formation of hemazoin

Chloroquine
Primaquine

Malaria, prevent relapse (P. vivax

8-aminoquinolone. May create ROS

and P. ovale)

or interfere with electron transport

Malaria, prophylaxis

Quinoline, mechanism uncertain

Meﬂoquine, doxycycline

Giardiasis, amebiasis

Disrupts DNA synthesis of anaerobic

Metronidazole

organisms
Amebiasis, luminal phases

Protein synthesis inhibitor

Paromomycin

Cryptosporidiosis

Thiazolide. Interferes with

Nitazoxanide

pyruvate:ferredoxin oxidoreductase
enzyme-dependent ET reaction
African trypanosomes

Inhibits glycerol-3-phosphate

Suramin

oxidase and dehydrogenase
Chagas Disease

Nitroimidazole. Inhibits synthesis of

Benznidazole

DNA, RNA, proteins
Leishmaniasis

Pentavalent antimonial, reduces

Stibogluconate

available ATP and GTP, inhibits
topoisomerase I

Helminths
Nematodes

Inhibits polymerization of
microtubules

Trematodes and cestodes

Unknown, increases permeability of
membranes for calcium ions,

Mebendazole
Praziquantel

causes paralysis in contracted
state
Filariasis

Inhibitor of microﬁlarial arachidonic

Diethylcarbamazine

acid metabolism, makes them
susceptible to phagocytosis
Filariasis, strongyloidiasis

Binds to glutamate-gated chloride
channels, paralyzes microﬁlariae,
larvae
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Ivermectin

Protozoa of the Gastrointestinal and Urogenital
Systems
Chief complaint: Diarrhea, transmission fecal/oral, cyst or oocyst
Organism
Entamoeba

Geography
Mexico, tropics

histolytica

Pathogenesis
Inﬂammatory

Diagnosis

Treatment

Cysts or

Metronidazole

diarrhea. Invades

trophozoites in

followed by

wall of colon,

stool. Rapid stool

paromomycin to

inverted

antigen test,

cure luminal

serology for

infection

ﬂask-shaped
lesions,

hematogenous
spread to create

hepatic liver
abscess

liver abscess
Giardia lamblia

US, Russia

Non-inﬂammatory

Trophozoites with

Metronidazole,

diarrhea.

falling leaf motility

tinidazole,

drinking water from

Trophozoites attach

or non-motile cysts

nitazoxanide

streams

to mucosa of small

in stool.

Camping or hiking,

intestine, fat
malabsorption,
steatorrhea.

Cryptosporidium

US AIDS patients

parvum

Obligate

intracellular,

Acid-fast oocysts

Nitazoxanide.

in stool

Anti-retroviral

unrelenting

therapy. Begin

diarrhea in AIDS

prophylaxis at 50
CD4 cells/µL

Isospora belli

US AIDS patients

Self-limiting in
normal patients

Images courtesy of CDC Public Health Image Library

171

Chief complaint: Vaginitis, transmission sexual, trophozoite
Organism

Geography

Trichomonas

Pathogenesis

Diagnosis

Thin, yellow, frothy

Worldwide

discharge after the

vaginalis

Treatment

Flagellated

Metronidazole,

trophozoites in

contact tracing

menses. Males

vaginal or urethral

and treatment

often

smear. Corkscrew
motility

asymptomatic

Images courtesy of CDC Public Health Image Library

Protozoa of the Blood and Tissues

Malaria: Plasmodium spp.

Human Liver Stages

Mosquito Stages
Ruptured
oocyst

Oocyst

i

Liver Cell

Infected
Liver Cell

i
Mosquito takes
a blood meal
(injects sporozoites)

Exo-erythrocytic
Cycle
Ruptured schizont

Release of
sporozoites

Sporogonic
Cycle

Human Blood Stages
Immature
trophozoite
(ring stage)

Mosquito takes
a blood meal
(injects gametocytes)

Ookinete

d

Macrogametocyte

Erythrocytic
Cycle

Microgamete
entering
macrogamete

Mature
trophozoite

d

Exflagellated
microgametocyte

Ruptured
schizont

P. falciparum

Gametocytes
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Schizont

i

= Infective Stage

d

= Diagnostic Stage

P. vivax
P. ovale
P. malanae

d

Schizont
Gametocytes

d
Image courtesy of CDC Public Health Image Library

Chief complaint: Paroxysms of fever, diaphoresis
Organism
Plasmodium vivax

(benign tertian)

Geography

Blood ﬁlm with

America, India and SE

ameboid

Asia, 85% of all

transmission by

female Anopheles

mosquito. Uses Duffy

blood group antigen

for attachment

(reason why it is less
common in
sub-Saharan Africa)

(benign tertian)

Diagnosis

Central and south

infections, tropics,

Plasmodium ovale,

Pathogenesis

Sub-Saharan Africa

Intraerythrocytic
stages: 48-hour

fever spikes (length

of time required for

intraerythrocytic
trophozoite inside

enlarged

(immature) RBCs

erythrocytic

Chloroquine followed

schizogony). Lysis of

by primaquine

RBCs dumps

(radical cure) to

hemozoin (partially

destroy

digested

hypnozoites and

hemoglobin) into
blood causing spikes
of fever,
reticuloendothelial

Treatment

Infected RBCs are

prevent relapse.

ﬁmbriated or oval.

congestion,
hemolytic anemia,
kidney failure

Plasmodium

95% of all malarial

(malignant

and subtropical

falciparum,
tertian)

deaths. Tropical

Irregular fever
pattern, although

areas of Central and

schizogony takes the

South America, Africa
and SE Asia

erythrocytic

Mature RBCs (small
diameter), are

multiply infected

same amount of time
as with vivax and

Chloroquine, radical

ovale. Parasites fail

cure is not necessary

to synchronize so

(no hypnozoites left in

fever rises and stays

liver). Return of

high. Infected RBCs

symptoms

stick to endothelium
and block blood

(recrudescence) may

malaria). HbS
heterozygote is
protected.

global drug

vessels (cerebral

Plasmodium

Same geography as

malariae, (quartan

falciparum

malaria)

Images courtesy of CDC Public Health Image Library
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72-hour fever
spikes.

occur due to rise in
resistance

Infects normocytes,
may have band

forms

Chief complaint: Fatigue, fever. Transmission by Ixodes tick
Organism
Babesia microti

Geography
US. Northeast,

Pathogenesis
Intraerythrocytic

Diagnosis
Multiple

Great Lakes states,

trophozoites

California (limited

destroy RBCs and

ring forms, tetrads

by vector, same as

cause anemia.

may be mentioned

Lyme disease)

intraerythrocytic

Treatment
Atovaquone plus
azithromycin or
clindamycin plus
quinine

More severe in
splenectomized
patients.

Chief complaint: Fever, fatigue, myalgia. Transmission; cysts in pork, lamb.
Cat has sexual stages in intestine (deﬁnitive host)
Organism
Toxoplasma gondii

Geography
Worldwide

Pathogenesis
Flu or mono-like in adult.

Transplacental transmission
possible in tachyzoite form
(retinochoroiditis,
hydrocephalus, still birth).
Bradyzoites may persist for life
and cause reactivational
disease (encephalitis in AIDS).
#1 diagnosis at autopsy

Images courtesy of CDC Public Health Image Library
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Diagnosis
Serology

Treatment
Sulfadiazine,
pyrimethamine
AIDS patients put
on prophylaxis at
100 CD4 cells/µL
remaining.

Chief complaint: Headache, change in sense of smell, fever, stiff neck,
photophobia, confusion
Organism
Naegleria fowleri

Geography

Pathogenesis

Diagnosis

Treatment

Worldwide,

Free-living amebae forced

Flagellated

Amphotericin B,

warm fresh

through cribriform plate by

trophozoites

miltefosine

water lakes

changes in pressure when

in CSF

(experimental), rarely

diving in recreational

successful

lakes. Hemorrhagic,

purulent inﬂammation
extends from olfactory
bulbs to rest of brain.
Acanthamoeba

Worldwide soil

spp.

and water

Acute granulomatous

Star shaped

and immunocompromised

biopsy

encephalitis (AGE) in AIDS

cysts on

Polyhexamethylene
biguanide or
chlorhexidine digluconate

Keratitis in contact lens

plus propamidine

wearers

isethionate or hexamidine.
AGE – diagnosed at
autopsy, ketoconazole

Images courtesy of CDC Public Health Image Library

175

Hemoﬂagellates
Chief complaint: Fever, headache, altered mentation. Transmission by Tsetse
Organism

Pathogenesis

Diagnosis

Lymphadenopathy

Sleeping sickness.

Suramin early,

brucei rhodesiense

at ﬂy bite

Trypomastigotes in

melarsoprol late.

(east Africa) or T. b.

(Winterbottom

blood or CSF

gambiense

sign) followed by

(West Africa)

parasitemia.

Trypanosoma

Geography
Africa

Treatment

Invades CNS,
antigenic variation.

Chief complaint: Fatigue, fever.
Transmission - feces of Reduviid bug
Organism

Geography

Pathogenesis

Diagnosis

Treatment

Trypanosoma cruzi

South

Parasite invades bite wound

Trypomastigotes in

Nifurtimox or

(Chagas Disease,

America

when bug feeds around eye

blood ﬁlm

benznidazole

American

at night (Romaña’s sign).

trypanosomiasis)

Parasitemia with
trypomastigotes leads to

amastigotes intracellular
in cardiac and smooth

muscle. Megaesophagus,
megacolon, achalasia,
dilated cardiomyopathy.
Images courtesy of CDC Public Health Image Library

176

Hemoﬂagellates continued…
Chief complaint: Fever, weight loss, skin hyperpigmentation.
Transmission by phlebotomine sandﬂies
Organism

Geography

Leishmania

Indian

donovani (visceral

subcontinent, Brazil

leishmaniasis, kala
azar)

Pathogenesis
Amastigotes are
obligate

intracellular in

Diagnosis

Treatment

Bone marrow,

Stibogluconate

spleen, liver biopsy

sodium

with amastigotes

macrophages in

inside

reticuloendothelial

macrophages

organs

Chief complaint: Disﬁguring skin lesions
Organism

Geography

Pathogenesis

Diagnosis
Leishmanin skin

Leishmania tropica,

Central and South

Erosive skin lesions

L. major, L.

America (L.

on skin exposed to

test positive,

mexicana

mexicana), Middle

sandﬂy bite.

amastigotes in skin

East (L. tropica and

Intracellular in

biopsy

(cutaneous

leishmaniasis)

L. major)

Treatment
Stibogluconate
sodium

macrophages of
skin.

Chief complaint: Disﬁguring mucocutaneous lesions
Organism
Leishmania

Geography
South America

braziliensis
(mucocutaneous
leishmaniasis,
espundia)
Images courtesy of CDC Public Health Image Library
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Pathogenesis
Intracellular in

mucocutaneous
macrophages

Diagnosis
As above

Treatment
Stibogluconate
sodium

Helminths

Nematodes (roundworms) Transmitted by fecal-oral ingestion of ova
Chief complaint: Abdominal pain, distension.
Organism

Geography

Pathogenesis

Diagnosis

Ascaris

Worldwide.

Lifecycle involves

Large, rough

lumbricoides

Southern US

migration through lung

shelled eggs in

(large roundworm)

(Loefﬂer syndrome).
Largest roundworm.
Adults may block
intestine

Treatment
Mebendazole

feces. Larvae in
sputum,

eosinophilia

Chief complaint: Abdominal tenderness, blood in stool.
Organism

Geography

Pathogenesis

Diagnosis

Trichuris trichiura

Worldwide,

Larvae invade wall of

Eggs with bipolar

(Whipworm)

Southern US

cecum and colon,

plugs in feces

Treatment
Mebendazole

mature to adulthood.
Damage muscularis
layer. Diarrhea, rare
rectal prolapse

Chief complaint: Perianal itching.
Organism

Geography

Pathogenesis

Diagnosis

Treatment

Female migrates

Sticky tape to

Mebendazole (treat

vermicularis

out of anus at

perianal skin,

all contacts)

(Pinworm)

night, explodes,

ﬂattened on one

leaving eggs

side, fully formed

attached to

larvae inside

Enterobius

Worldwide, US

perianal skin.

Chief complaint: Cough, wheezing.
Organism

Geography

Toxocara canis

Worldwide, US

(Visceral Larva

Child/family

Migrans)

with new
puppy

Pathogenesis
Dog roundworms cannot

Serology,

mature in humans. Wander

eosinophilia

aimlessly until walled off and
killed by the immune
response

Images courtesy of CDC Public Health Image Library
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Diagnosis

Treatment
Corticosteroids,
mebendazole, keep
pets wormed

Nematodes

Transmitted by Skin Penetration or Ingestion of Larvae
Chief complaint: fatigue, weight loss
Organism

Geography

Necator americanus

New World

(New World

Hookworm)
Ancylostoma
duodenale

Old World

Pathogenesis
Larvae penetrate skin, migrate

Oval,

through lung, coughed up and

clear-shelled

swallowed, mature in small

light brown

intestine, ingest blood.

eggs in feces,

Microcytic hypochromic

anemia in heavy infections.

(Old World

Diagnosis

Treatment
Mebendazole

eosinophilia

Hookworm)

Chief complaint: blood-tinged productive cough, dyspnea
Organism

Geography

Pathogenesis

Strongyloides

Worldwide, US.

Larvae penetrate skin, migration

stercoralis

High rates in

like hookworms, autoinfection

(Threadworm)

mental

Diagnosis

Treatment

Live larvae

Ivermectin

in stool

and hyperinfection syndrome

institutions

possible.

Chief complaint: Diarrhea (1st week), myalgia (weeks to months)
Organism

Geography

Trichinella spiralis

Worldwide,

(trichinosis)

cosmopolitan

Pathogenesis

Diagnosis

Treatment

Muscle biopsy

Corticosteroids,

showing larvae

antipyretics,

mature to adulthood and mate,

encysted in

analgesics

producing live larvae which

striated muscle

Ingestion of larvae in poorly
cooked game meat. Larvae

migrate via the blood to encyst
in active striated muscle.

Chief complaint: pruritic cutaneous eruptions
Organism

Geography

Ancylostoma

SW US,

braziliense

Caribbean,

(Cutaneous larva

Central and

migrans)

South America, SE
Asia, Africa

Images courtesy of CDC Public Health Image Library
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Pathogenesis

Diagnosis

Dog or cat hookworms

Clinical,

penetrate human skin and

eosinophilia

migrate in the skin until killed
by the immune response.

Treatment
Topical
corticosteroids,
topical or oral
ivermectin

Filarial Nematodes
Transmitted by Arthropods

Chief complaint: Pruritic SQ nodules. Transmission by blackﬂies (Simulium)
Organism

Geography

Pathogenesis

Diagnosis

Treatment

Onchocerca

Central and

Larvae mature to

Skin biopsy with

Surgical excision of

volvulus

South America,

adulthood in SQ

microﬁlariae

adults from

(River blindness)

West Africa

nodules, produce

nodules, ivermectin

microﬁlariae which

to kill larvae

cause chronic
inﬂammation.

Chief complaint: Eye irritation, SQ nodules. Transmission by Chrysops deerﬂy
Organism
Loa loa (African

Geography
Africa

eye worm)

Pathogenesis

Diagnosis

Treatment

Adults form Calabar

Eosinophilia, blood

Diethylcarba-

swellings in SQ tissue.

examination for

mazine

Adults migrate across

microﬁlariae

conjunctiva

Chief complaint: Fever, inguinal or axillary lymphadenopathy.
Transmission by Anopheles, Culex or Mansonia mosquitoes
Organism

Geography

Wuchereria

Africa, Latin

bancrofti

America, South
Paciﬁc

Brugia malayi

Asia and South

(Filariasis,

Paciﬁc

elephantiasis)

Pathogenesis

Treatment

Repeated episodes of
inﬂammation and

Microﬁlariae in

lymphedema cause

peripheral blood,

lymphatic damage,

circulating ﬁlarial

chronic swelling and

antigens

elephantiasis

Images courtesy of CDC Public Health Image Library
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Diagnosis

Diethylcarbamazine

Filarial Nematodes

Transmitted from Ingestion of Larvae in Water
Chief complaint: Skin papule with pruritis. Ingestion of
water containing the intermediate host, Cyclops
Organism

Geography

Pathogenesis

Diagnosis

Treatment

Dracunculus

South Sudan, Mali,

Female migrates

Imaging for

Extraction by

medinensis

Ethiopia

from GI tract to SQ

calciﬁed worms,

wrapping the worm

tissues, causing

Increased IgE

around a stick,

(Guinea worm)

intense pain before

metronidazole to

emerging to create

prevent infection

ulcer on lower leg

with anaerobic

and discharge

bacteria

larvae into water.

Trematodes

Transmitted by Skin Penetration by Cercariae
Chief complaint: Pruritic skin rash, hematemesis
Organism
Schistosoma

Geography

Pathogenesis

Diagnosis

Treatment

Eggs in stool;

Africa

S. mansoni –

mansoni

lateral spine;
Adults in mesenteries
of intestine, eggs

passed into blood and
S. japonicum

Asia

liver, liver ﬁbrosis results
in cirrhosis, varices,
hematemesis

S. japonicum –

Praziquantel

small lateral hook

Chief complaint: Pruritic skin rash, bloody urine
Schistosoma
haematobium

Egypt, Iraq

Adults in vasculature of
urinary bladder,
hematuria, squamous
cell cancer of the
bladder

Images courtesy of CDC Public Health Image Library
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Eggs with terminal
spine in urine

Praziquantel

Trematodes

Transmitted by Ingestion
Chief complaint: Cough, dyspnea. Ingestion of larvae in raw crabs or crayﬁsh
Organism

Geography

Pathogenesis

Diagnosis

Treatment

Paragonimus

Asia or South

Invasion of ﬂukes causes

Sputum

westermani

America

abdominal pain, diarrhea

examination for

and urticaria, followed by

operculated eggs

(oriental lung
ﬂuke)

Praziquantel

fever, pleuritic chest pain,
cough and dyspnea.
Brown tinged sputum

Chief complaint: Abdominal pain, fever. Ingestion of metacercariae on water plants
Organism
Fasciola hepatica

Geography
Bolivia or Peru

(sheep liver ﬂuke)

Pathogenesis

Diagnosis

Damage to bile

Fecal exam for

ducts causes

operculated eggs

Treatment
Praziquantel

inﬂammation and
blockage

Chief complaint: Epigastric pain, nausea, diarrhea.
Ingestion of metacercariae on water chestnuts
Organism
Fasciolopsis buski

Geography
India, China, SE Asia

(Giant intestinal
ﬂuke)

Pathogenesis

Diagnosis

Inﬂammation,

Operculated eggs

ulceration at site of

in stool

Treatment
Praziquantel

attachment in
duodenum and
jejunal mucosa.

Chief complaint: Fatigue, fever. Ingestion of cysts in raw ﬁsh
Organism
Clonorchis sinensis

Geography
Asia

(Chinese liver
ﬂuke)

Images courtesy of CDC Public Health Image Library
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Pathogenesis

Diagnosis

Inﬂammation and

Operculated eggs

deformation of bile

in stool

duct. Risk of
cholangiocarcinoma

Treatment
Praziquantel

Cestodes

Transmitted by Ingestion
Chief complaint: Vague abdominal pain. Transmission by ingestion of cysticerci in beef
Organism
Taenia saginata

(Beef tapeworm)

Geography

Pathogenesis

Worldwide

Diagnosis

Compete with host

Proglottids or eggs

for calories

in stool

Treatment
Praziquantel

Chief complaint: Vague abdominal pain. Ingestion of cysticerci in poorly cooked pork
Organism
Taenia solium

(Pork tapeworm)

Geography

Pathogenesis

Worldwide

Diagnosis

Compete with host

Proglottids or eggs

for calories

in stool

Treatment
Praziquantel

Chief complaint: Adult onset epilepsy. Ingestion of eggs from fecal
contamination or autoinfection
Organism
Taenia solium

(cysticercosis)

Geography

Pathogenesis

South and Central

Ingestion of eggs by inappropriate

America, Africa,

host (human) causes

Asia

development of cysticerci which

Diagnosis

Treatment

Imaging,

Praziquantel,

calcifying
lesions

surgery

encyst in tissues. Symptoms
depend on locations of
encystment. Neurocysticercosis
– eye and neurologic signs.
Adult onset epilepsy

Chief complaint: Abdominal pain. Ingestion of spargana
(larvae) from poorly cooked ﬁsh
Organism
Diphyllobothrium
latum (Fish

tapeworm)

Geography
Great Lakes,
Northern Europe,
Scandanavia

Pathogenesis
Competes with

host for vitamin
B12, causes

megaloblastic
anemia

Images courtesy of CDC Public Health Image Library
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Diagnosis
Operculated eggs
in stool

Treatment
Praziquantel

Cestodes continued…
Chief complaint: Space occupying mass. Fecal/oral contamination from
eggs in canine feces, human is aberrant intermediate host.
Organism

Geography

Echinococcus

Worldwide, rare in

granulosus

North America

(Hydatid disease)

Pathogenesis
Unilocular cysts
cause symptoms

Diagnosis
Imaging, serology

Treatment
Surgery

depending on
location

Chief complaint: Space occupying mass. Fecal-oral contamination
from eggs in feces of wild canids.
Organism

Geography

Pathogenesis

Diagnosis
Imaging, serology

Echinococcus

Northern latitudes

Multilocular cysts,

multilocularis

of Europe, Asia and

produce symptoms

(Multilocular

North America

depending on

hydatid)
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location

Treatment
Surgery

Before you leave, can you…
1. Identify the diagnostic stages of parasites from images
2. Identify the geographic areas in which the important parasites will be endemic.
3. Name the major anti-parasitic therapeutics and anticipate their use.
4. Diagnose the most important parasitic diseases in the United States from
symptoms and signs.
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