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This training guide for medical students offers an introduction to the field of medical parasitology.  

The book will appeal to medical students, anyone involved in the teaching and research of human 

parasitology, and physicians dealing with human parasites.  

The main text of the book consists of two parts: 

The first part contains background information about selected human parasites, their 

epidemiology and control, and the most important animal vectors of human diseases. It starts 

with an overview of basic concepts in medical parasitology (Chapter 1), which is followed by 

a glossary of terms (Chapter 2). The basic information about medically important parasites 

and vectors of human parasitoses is given in two different forms: first, as a number of brief 

overviews of parasites and parasitoses they caused (Chapter 3), and then as a row of summary 

tables (Chapter 4). We hope that such duplication of the information allows its faster analyzing 

and memorization by the readers. Additionally, semi-diagrammatic identification keys for the 

most prominent human parasites (Chapter 5) may improve operation with the received visual 

information.  

The second part of the book contains various exercises that can be used to consolidate the 

studied material, including training tests (Chapter 6), exemplary case histories (Chapter 7), 

and tables (Chapter 8). Working on these exercises, the reader is invited to use the 

background information from the first part of the book. 

The readers are able to control themselves by checking correct answers to exercises from Chapters 

6 and 7, which can be found in the end matter of the book.   

Acknowledgments. We would like to thank Dr. Yuriy Kuzmin (Department of Parasitology, I. I. 

Schmalhausen Institute of Zoology NAS of Ukraine) and Dr. Volodymyr Gorobchishin (Institute for 

Evolutionary Ecology NAS of Ukraine) for reading and editing of the early versions of this book. We 

are also grateful to Prof. Terry R. Spraker (Colorado State University, USA) for English editing of the 

text. 
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Chapter 1 
Introduction to Medical Parasitology:   

Basic Concepts 
 
 
 

Parasitology is the science addressing parasites, their hosts, and the relationship between them. It 

combines several disciplines that study the parasites of animals and humans: 

• General parasitology studies parasites as organisms, their morphology, biology, ecology, 

life-cycles, distribution, and methods of parasite control; 

• Medical parasitology studies parasites living in/on the human body which cause diseases to 

humans, their biology, life-cycles, pathology, and methods of treatment and prevention; 

• Veterinary parasitology studies parasites of wild and domestic animals, their biology, life 

cycles, pathology, and methods of control. 

Medical parasitology is a part of the course of medical biology, which includes: 

• Medical protozoology – a part of medical parasitology that studies parasitic protozoans and 

diseases they cause to humans; 

• Medical helminthology that studies parasitic worms (or helminths): trematodes (flukes), 

cestodes (tapeworms) and nematodes (roundworms) and diseases they cause; 

• Medical entomology or public health entomology focuses on arthropods that impact 

human health (as parasites and/or vectors that transmit human diseases). 

Medical parasitology is focused on the «parasite-host» systems, which include two components: a 

parasite and its host. A parasite is an organism that lives in or on another organism (host) and 

derives nutrients from it, causing detrimental effects on the host. A host is an organism (animal or 

human) in/on which the parasite lives and uses the host as a shelter and a source of nutrients. 

Therefore, parasitism is a permanent or temporary association between two organisms of different 

species in which one (a parasite) derives benefit from the other (the host), usually to obtain food, 

shelter or physical support (Ex.: Ascaris lumbricoides resides in the gastrointestinal tract of human, 

and feeds on important items of intestinal food causing various illnesses). 

Aside from parasitism, there are two more types of relationships between two organisms: 

• Mutualism is an association in which both partners are metabolically dependent upon each 

other and one cannot live without the help of the other; however, none of the partners suffers 

any harm from the association. (Ex.: the relationship between certain species of flagellated 

protozoa living in the gut of termites. The protozoa depend entirely on the nutrients from 

termites; in return, they synthesize digesting enzymes (cellulases), which are utilized by the 

termites for their digestion). 

• Commensalism is an association in which one organism (commensal) takes benefit without 

causing any harm to the host. (Ex.: most organisms of normal microflorae of the humans' body 

can be considered as commensals). 

Parasites. There are several classifications of parasites, based on different approaches (their 

morphological organization, localization or peculiarities of host-parasite relations). 

• Microparasites are small usually unicellular microscopic parasites, which are visible under a 

microscope (e.g. parasitic protozoa – Entamoeba histolytica, Leishmania, Toxoplasma gondii, 
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Plasmodium, etc.). Microparasites are characterized by short generation times; they have a 

tendency to induce immunity in the host to resist infections. The duration of infection with 

microparasites is usually short in relation to the lifespan of the host. 

• Macroparasites are relatively large usually multicellular parasites that are visible with the 

naked eye (flukes, flatworms, roundworms, ticks, etc.). Macroparasites tend to insight a complex 

immune response of the host; moderate host infections can persist for long periods (months, 

years). 

• Endoparasites are parasites that live inside the body of its host (in or on different internal 

organs) causing infection. 

• Ectoparasites are parasitic organisms that live on the outer surface of its host (e.g. lice, ticks, 

mites) and cause infestations of the host. 

• Obligate parasites are completely dependent on their hosts during a part or whole life cycle 

and, in contrast to a facultative parasite, cannot live and reproduce outside the body of its 

hosts (e.g. Plasmodium, Trichinella spiralis). 

• Facultative parasites are free-living or commensal organisms that can become parasitic in 

certain circumstances but do not completely rely on any hosts for completion of their life cycle 

(Acanthamoeba spp., Naegleria fowleri, parasitic larvae of some flies, etc.). 

• Accidental parasites are organisms that affect an unusual host and survive in its body (e.g. 

rat tapeworm Hymenolepis diminuta, Toxocara canis) Accidental parasites usually do not live 

for a long time in the unnatural hosts; also, they may be extremely pathogenic for their 

unnatural host. 

• Temporary parasites are parasites that contact their host only for feeding or reproduction 

and then leave it (e.g. bed bug Cimex lectularius, mites, lice, soft shell ticks or flies that cause 

myiasis in humans and animals).  

• Opportunistic parasites are parasites that are capable occasionally parasitize in/on 

susceptible hosts (amoebic disease of immunocompromised hosts). 

Hosts. The life cycle of the parasite is a process of a parasite’s growth, development, and 

reproduction, which proceeds in one or more different hosts depending on the species of parasite. 

Parasites that must parasitize in more than one host species to complete their life cycles have 

complex, or indirect life cycles (trematodes as Fasciola hepatica, Dicrocoelium dendriticum, 

cestodes, etc.). Parasites that infect only a single host species have direct life cycles (nematodes as 

Ascaris lumbricoides, Enterobius vermicularis, etc.).  

Hosts also are classified into different categories depending on the specifics of their interactions with 

parasites. 

• Definitive hosts are organisms in which a parasite reaches the adult stage or undergoes 

sexual reproduction; if there is no sexual reproduction in the life cycle of the parasite, the host 

most important to the parasite is considered as the definitive host. 

• Intermediate hosts are organisms in which a parasite undergoes the development of its 

intermediate or larval stages, but does not reach sexual maturity; the intermediate host harbors 

asexual or immature stages of the parasite. In some cases, larval development is completed in 

two different intermediate hosts, referred to as the first and second intermediate hosts.  

• Paratenic (transport) hosts are organisms in which a parasite survives without undergoing 

any development. Paratenic host accumulates and maintains immature stages of a parasite and 

serves as a temporary refuge and/or "vehicle" for reaching an obligatory host.  

• Reservoir hosts are organisms that maintain a parasite/disease in nature and serves as a 

source of infection for other susceptible hosts. Usually, it is not affected by the infection. 

• Natural hosts are hosts that are naturally infected with certain species of parasite.  
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• Incidental (accidental) hosts are hosts that under normal circumstances are not infected 

with the parasite and are not necessary for the parasite survival or development (e.g. human is 

an incidental host of Trichinella spiralis).  

• Dead-end hosts are hosts from which the parasite cannot be transmitted to another host and, 

therefore, cannot complete its developmental cycle (humans as a host for Toxoplasma gondii 

and Trichinella spiralis). 

Sources of infection. Many parasites can cause disease in humans. Source of infection is an object 

(human or animal) from which the infectious agent (parasite) is secreted into the environment and 

from there – to other susceptible hosts.  

• The invasive (infective) stage is a stage of the parasite (eggs, larvae) which is capable of 

invading into a susceptible host and lives in it. 

• Transmission is the process of passing of a pathogen (parasite) from an infected host (source 

of infection) to a particular susceptible host.  

• Vector is a living carrier/transmitter (e.g. an arthropod) that transports a pathogenic organism 

(parasite) from an infected to a non-infected host.  

Routes of parasite transmission. Medically important parasites have different routes of their 

transmission between hosts.  

• Transmission route – the pathway the parasite moves from a source of infection (a starting 

point) to a susceptible host (destination). 

• Direct (person-to-person) transmission– transmission of pathogens (parasite) from an 

infected person to another one through touching, biting, kissing, droplet contact (coughing, 

sneezing, blood transfusions, etc.), or via sexual intercourse. It may include skin-to-skin, 

respiratory tract–respiratory tract, blood–blood, genital-to-genital, oral-genital routes.  

• Indirect transmission – transmission of an infectious organism (parasite) from a source of 

infection to a susceptible host through inanimate objects (water, food, soil, fomites, and other 

contaminated things), or via another organism, either a vector or an intermediate host. 

• Vertical (mother-to-child) transmission– a passage of an infectious agent (parasite) from 

the mother to a fetus or baby during pregnancy, or childbirth; it includes cytoplasmic and 

transplacental transmission, during vaginal birth, breastfeeding. 

• Percutaneous transmission – transmission of a parasite (pathogen) by direct penetration 

through the intact skin (ex.: Schistosoma spp.) 

Types of infection/diseases. According to different routes of parasite transmission, the parasitic 

diseases/infections are divided into the following categories: 

• Food-borne disease – a disease caused by consuming food or drink contaminated with 

parasites or their eggs/larvae (toxoplasmosis, ascariasis, amoebiasis, taeniasis, trichinosis). 

• Soil-borne disease – a disease caused by parasites which infective stages live in the soil (e.g. 

trichuriasis, ancylostomiasis, strongyloidiasis). 

• Vector-borne (transmissive) disease– a disease caused by any pathogens (parasites) 

transmitted by vectors (e.g. malaria, babesiosis, leishmaniasis, filariasis). 

• Air-borne disease – a disease caused by inhalation of dust or air contaminated with infectious 

agents (e.g. eggs of Enterobius). 

• Water-borne disease – a disease caused by contact with water contaminated with parasites 

(e.g. schistosomiasis, fascioliasis). In most cases, the water becomes contaminated by human 

or animal feces that carry parasites (e.g. giardiasis). 
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• Blood-borne disease – a disease that can be transmitted through contact with an infected 

person's blood or other body fluids through skin cuts, blood transfusions or by sharing needles 

or syringes contaminated with blood (malaria, babesiosis, viral diseases, etc.). 

• Sexually-transmitted diseases – a disease transmitted from infected persons to their sexual 

partners via sexual intercourse (e.g. trichomoniasis). 

There are three general categories of parasitic diseases depending on the type of 

definitive/intermediate hosts and peculiarities of the life cycle of the human parasites: 

• Anthroponosis, or an anthroponotic disease, is an infectious disease that can naturally 

spread between humans only (Trichomonas vaginalis, Leishmania spp., and Enterobius 

vermicularis). Primates in enclosures such as zoos and research facilities are usually at risk to 

anthroponosis. 

• Anthropozoonosis is parasitic diseases that can transmit from animals to humans or vice 

versa (malaria, leishmaniasis). 

• Zoonosis, or zooanthroponosis, is parasitic diseases in which animals are normally the hosts, 

but which can also infect humans (toxoplasmosis, fascioliasis, echinococcosis, trichinellosis, 

etc.). 
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Chapter 2 
Glossary 

of Medical Parasitology 
 
 
 

A 

Aberrant host – see host aberrant. 

Acanthamoeba – A genus of free-living 

amoebae that can infect humans and 

cause acanthamoebiasis, including 

Acanthamoeba keratitis and 

granulomatous amoebic encephalitis. 

Acanthamoeba keratitis – A rare disease in 

which Acanthamoeba invade the cornea 

of the eye and may cause permanent 

visual impairment or blindness. 

Acanthamoebiasis – An infection by amoebae 

of the genus Acanthamoeba. 

Acarid – Any member of the subgroup Acari 

of the arthropod class Arachnida that 

includes mites and ticks. 

Acariasis (= acarinosis) – Infestation with 

acarid parasites. 

Acaricide – A chemical substance (drug) that 

destroys ticks and mites. 

Acarinosis – see acariasis. 

Accidental host – see host accidental. 

Accidental parasite – A parasite that 

parasitizes an organism other than the 

usual host. 

Acute schistosomiasis – see Katayama 

syndrome. 

African trypanosomiasis – see 

trypanosomiasis African. 

Air-borne disease – see disease air-borne. 

Aleppo button – see leishmaniasis 

cutaneous. 

Alveococcus multilocularis – A synonym of 

the tapeworm Echinococcus 

multilocularis. 

Alveococcosis – see echinococcosis 

multichamber. 

Alveolar echinococcosis – see 

echinococcosis multi-chamber. 

Alveolar hydatid cyst – see hydatid cyst 

alveolar. 

Amastigote (= “leishmanial” stage) – An 

intracellular parasitic lifecycle stage of 

kinetoplastid (flagellate) protozoans 

without any free flagellum. 

 

American trypanosomiasis – see 

trypanosomiasis American. 

Amoeba (pl. amoebae) – A single-celled 

organism that has no rigid body shape, 

move about and take in food by 

extending pseudopods. 

Amoebiasis (= amoebic dysentery, 

entamoebiasis) – An intestinal infection 

caused by the protozoan parasite 

Entamoeba histolytica or related 

amoebae. 

Amoebic dysentery – see amoebiasis. 

Amoebic liver abscess – An uncommon but 

potentially life-threatening complication 

of extraintestinal infection with the 

protozoan parasite Entamoeba 

histolytica. 

Ancylostomiasis (= hookworm disease, 

miner's anemia, tunnel disease, 

brickmaker's anemia, Egyptian 

chlorosis) – An intestinal infection 

caused by blood-sucking hookworms of 

the genus Ancylostoma. 

Anopheles – A genus of mosquitoes of the 

Culicidae family; a number of Anopheles 

species are vectors of several human 

diseases, including malaria and filariasis. 

Anthelmintics (= dewormers) – Agents 

(usually chemical drug) destructive to 

worms. 

Anthroponosis (= anthroponotic disease) – 

An infection that can naturally spread 

between humans only. 

Anthroponotic disease – see anthroponosis. 
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Anthropozoonosis – Any disease that is 

transmitted from animals to humans, or 

vice versa. 

Apicomplexan – Any member of the phylum 

Apicomplexa comprised of obligate 

endoparasitic protozoans, including 

Plasmodium, Babesia, and Toxoplasma; 

apicomplexans are sometimes taken as 

synonymous with sporozoans. 

Arachnid – Any member of arthropods from 

the class Arachnida, including mites and 

ticks. 

Armed tapeworm – A common name of the 

cestode Taenia solium. 

Arthropod – Any member of the phylum 

Arthropoda, including insects, mites, and 

ticks. 

Ascaris lumbricoides (= large intestinal 

roundworm, giant roundworm) – A 

roundworm species that causes 

ascariasis in humans. 

Ascariasis – Disease principally caused by the 

roundworm Ascaris lumbricoides. 

Autoinfection – Infection from a source within 

the organism itself; in parasitology, 

autoinfection occurs if the life cycle of 

the parasite completes within a single 

organism, without the involvement of 

other organisms–hosts. 

B 

Babesia – A genus of intracellular parasites in 

the protozoan phylum Apicomplexa. 

Babesiosis (= piroplasmosis, tick fever, 

Texas fever, redwater fever) – A group 

of malaria-like diseases caused by the 

protozoans Babesia spp. 

Balantidium coli – The only ciliate protozoan 

species which is an obligate parasite of 

humans. 

Bagdad boil – see leishmaniasis cutaneous. 

Balantidiasis – Intestinal infection caused by 

the ciliate Balantidium coli. 

Beaver fever – see giardiasis. 

Bilharzia – see schistosomiasis. 

Biohelminths – Parasitic worms for which 

changing hosts (definitive and 

intermediate) is obligatory to complete 

their life cycle 

Biological vector – see vector biological. 

Black fever – see visceral leishmaniasis. 

Blackfly – A common name of any member of 

the insect family Simuliidae; these small 

blood-feeding flies are vectors of several 

parasitic diseases, including the 

onchocerciasis. 

Blackwater fever – A serious complication of 

malaria, characterized by the massive 

destruction of red blood cells, producing 

dark red or blackish urine, containing 

hemozoin. 

Blood-borne disease – see disease 

bloodborne. 

Blood parasites – A general term used in 

referring to those parasites, which pass 

most of their lives in the vascular system. 

Body louse – A common name of the louse 

Pediculus humanus humanus. 

Brain-eating amoeba – A common name of 

the amoeba Naegleria fowleri. 

Brickmaker's anemia – see ancylostomiasis. 

Broad fish tapeworm – A common name of 

the cestode Diphyllobothrium latum. 

C 

Calabar swellings – A fugitive, swollen lumps 

of subcutaneous tissue caused by a 

parasitic filarial worm Loa loa; a 

characteristic symptom of loiasis. 

Carrier (= vector) – An organism that carries 

pathogens and can pass them on to 

other potential hosts; although carriers 

do not necessarily have symptoms of the 

disease. 

Causative agent – see pathogen. 

Cercaria (pl.: cercariae) – The free-living 

swimming non-ciliated larval stage of 

flukes; usually possess a tail. 

Cercarial dermatitis (= swimmer's itch) – An 

itchy rash occurring in the skin of 

humans infected by cercariae of certain 

species of schistosomes whose normal 

hosts are birds and mammals other than 

humans. 

Cestoda – The class of parasitic flatworms also 

called tapeworms. 

Cestodiasis – Infection with tapeworms (class 

Cestoda). 
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Cat liver fluke – A common name of the 

trematode Opisthorchis felineus. 

Chagas disease – see trypanosomiasis 

American. 

Chagoma – A characteristic symptom of 

American trypanosomiasis, which 

manifests as an inflammatory nodule at 

the bite site of the “kissing bug”. 

Chrysops (= deer fly) – A genus of 

bloodsucking flies which are vectors of 

some human diseases, including the 

loiasis. 

Ciliate – A group of protozoans possessing 

cilia. 

Cimex lectularius (= common bed bug) – A 

blood-feeding insect species that may 

cause cimicosis in humans. 

Cimicosis – Skin manifestation due to the bite 

of a common bed bug Cimex lectularius. 

Coccidia – A group of obligate intracellular 

apicomplexan parasites (e.g. 

Toxoplasma). 

Commensal – An organism (an animal, plant, 

fungus, etc.) living with, on, or in another 

organism, without injury to either. 

Common bed bug – A common name of the 

insect Cimex lectularius. 

Common liver fluke (= sheep liver fluke) – 

A common name of the trematode 

Fasciola hepatica. 

Congenital toxoplasmosis – see 

toxoplasmosis congenital. 

Crab louse (= pubic louse) – A common 

name of the louse Pthirus pubis. 

Crusted scabies – see Norwegian scabies. 

Culex – A genus of mosquitoes of the family 

Culicidae, which can serve as vectors for 

several human parasites, including 

filarial worms and apicomplexan 

parasites. 

Cutaneous larva migrans (= larva migrans) 

– A convoluted, thread-like skin eruption 

in humans caused by roundworm larvae, 

in particular, those of Ancylostoma spp. 

and Necator americanus, burrowing 

beneath the skin. 

Cutaneous leishmaniasis (= Oriental sore, 

Bagdad boil, Aleppo button) – see 

leishmaniasis cutaneous. 

Cuticle – The external non-cellular layer of 

body integument of some invertebrates, 

including the nematodes and 

arthropods. 

Cyst – In parasitology, the term cyst may have 

two meanings: (1) Resistant dormant 

stage of protozoans. (2) A bladder-like 

larva of some tapeworms (e.g., hydatid 

cysts of Echinococcus). 

Cystic echinococcosis – see echinococcosis. 

Cysticercosis – A tissue infection of human 

that is caused by cysticercus or cysticerci 

of the pork tapeworm Taenia solium that 

may also infect the nervous system, 

causing neurocysticercosis. 

Cysticercus (pl.: cysticerci) – A bladder-like 

larva of some tapeworms (e.g. Taenia 

solium, Taenia saginata) that is present 

in tissues of the intermediate hosts and 

contains one protoscolex. 

D 

Dead-end host – see host dead-end. 

Deer fly – A common name of a fly from the 

genus Chrysops. 

Definitive host – see host definitive. 

Demodex folliculorum (= face mite) – A mite 

species which lives within the hair 

follicles as a component of normal fauna 

of the human skin; hyperinfection may 

cause demodicosis. 

Demodex blepharitis – see demodicosis 

ocular. 

Demodicosis (= demodectic mange, red 

mange) – Skin infection caused by the 

mite Demodex folliculorum. 

Demodicosis ocular (= ocular demodicosis, 

Demodex blepharitis) – Eyelash 

infection caused by the mite Demodex 

folliculorum. 

Dermatobia hominis (= Torsalo Fly, human 

botfly) – A large, densely haired fly that 

causes furuncular myiasis; endemic in 

South America. 

Dermatobiasis (= South American myiasis, 

human botfly myiasis) – An obligate 

furuncular myiasis, the development of 

which is provoked by the larva of the fly 

Dermatobia hominis. 
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Dicrocoeliasis – Liver infection with the fluke 

Dicrocoelium dendriticum. 

Dicrocoelium dendriticum (= lancet liver 

fluke) – A liver fluke species that may 

rarely parasitize humans and cause the 

dicrocoeliasis. 

Dioecious – Having separate sexes (males and 

females). 

Diphyllobothrium latum (= broad fish 

tapeworm) – A tapeworm species that 

causes the diphyllobothriasis in human. 

Diphyllobothriasis – Intestinal infection with 

the tapeworm Diphyllobothrium latum. 

Direct life cycle – see life cycle direct. 

Disease air-borne (= air-borne disease) – A 

disease caused by inhalation of dust or 

air contaminated with infectious agents 

(e.g. eggs of Enterobius). 

Disease blood-borne (= blood-borne 

disease) – A disease that can be 

transmitted through contact with an 

infected person's blood or other body 

fluids through skin cut, blood 

transfusion or by sharing needles or 

syringes contaminated with blood (e.g. 

malaria, babesiosis, viral diseases, etc.). 

Disease causative agent – see pathogen. 

Disease food-borne (= food-borne disease) 

– In parasitology: a disease caused by 

consuming food or drink contaminated 

with parasites (e.g. toxoplasmosis, 

ascariasis, amoebiasis, taeniasis, 

trichinosis). 

Disease water-borne (= water-borne 

disease) – In parasitology: a disease 

caused by contact with water 

contaminated with parasites (e.g. 

schistosomiasis, fascioliasis); in most 

cases, the water becomes contaminated 

by human or animal feces that carry 

parasites (e.g. giardiasis). 

Disease soil-borne (= soil-borne disease) – 

In parasitology: a disease caused by 

parasites which infective stages live in 

the soil (e.g. trichuriasis, ancylostomiasis, 

strongyloidiasis). 

Disease vector-borne (= vector-borne 

disease, transmissive disease) – A 

disease caused by any pathogens 

transmitted by vectors (e.g. malaria, 

babesiosis, leishmaniasis, filariasis). 

Dog tapeworm – A common name of the 

cestode Echinococcus granulosus. 

Dumdum fever – see leishmaniasis visceral.  

Dwarf tapeworm – A common name of the 

tapeworm Hymenolepis nana. 

E 

Echinococcosis (= cystic echinococcosis, 

hydatid disease) – An infection, usually 

in liver or lungs, caused by the larval 

stages (hydatid cysts) of tapeworms 

from the genus Echinococcus. 

Echinococcosis multi-chamber (= 

alveococcosis, alveolar 

echinococcosis, multi-chamber 

echinococcosis) – An echinococcosis 

caused by the cestode Echinococcus 

multilocularis. 

Echinococcosis single-chamber 

(=singlechamber echinococcosis, 

unilocular echinococcosis) – An 

echinococcosis caused by the cestode 

Echinococcus granulosus. 

Echinococcus – A genus of tapeworms (e.g. 

Echinococcus granulosus, Echinococcus 

multilocularis), larval stages of which 

may parasitize humans. 

Echinococcus granulosus (= dog tapeworm) 

– A tapeworm species which larvae 

(hydatid cysts) cause the single-chamber 

echinococcosis, primary in the liver or 

lungs. 

Echinococcus multilocularis (= fox 

tapeworm, Alveococcus 

multilocularis) – A tapeworm species 

which larvae (alveolar hydatid cysts) 

cause a tumor-like disease called multi-

chamber echinococcosis. 

Ectoparasite – A parasite that lives principally 

on the outer surface of an organism. 

Egyptian chlorosis – see ancylostomiasis. 

Elephantiasis – see filariasis lymphatic. 

Encystation – Formation of the cyst from the 

trophozoite; the term is used in relation 

to amoebae and Balantidium coli. 
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Endemic – Describes the presence of a disease 

that persists in a closed community or 

group of people on the specific territory. 

Endoparasite – A parasite that lives inside the 

body of its host. 

Entamoeba – A genus of amoebae of which 

some species are parasitic (e.g. 

Entamoeba histolytica). 

Entamoebiasis – see amoebiasis. 

Enterobiasis (= pinworm infection) – 

Intestinal infection with the nematode 

Enterobius vermicularis. 

Enterobius vermicularis (= pinworm) – An 

intestinal roundworm parasite, 

principally of children. 

Epidemic – An unexpectedly large number of 

cases of a disease or illness that, for a 

limited time, affects many people in a 

particular region. 

Epizootic – An unexpectedly large number of 

cases of a disease or illness in an animal 

population. 

Excystation – Escape from a cyst (meaning 1) 

or envelope. 

F 

Face mite – A common name of the mite 

Demodex folliculorum. 

Facultative parasite – see parasite 

facultative. 

Fecal-oral route of infection – see infection 

route fecal-oral. 

Fecal-oral route of transmission – see route 

of transmission fecal-oral. 

Fecal-oral transmission – see route of 

transmission fecal-oral. 

Fasciola hepatica (= common liver fluke, 

sheep liver fluke) – A liver fluke species 

that may cause fascioliasis in humans. 

Fascioliasis – A disease caused by infection 

with flukes of the genus Fasciola. 

Filariasis – Infection with filarial worms. 

Filariasis lymphatic (= lymphatic filariasis, 

elephantiasis) – A disease principally 

caused by the filarial worms Wuchereria 

bancrofti. 

Filariform larva – The infectious and 

nonfeeding third larval stage of some 

soilborne roundworms (e.g. 

Ancylostoma and Strongyloides). 

Filarial worms – A group of long, hair-like 

nematodes in which the adults live in 

blood or tissues of vertebrates. In some 

species, the larvae (microfilariae) may be 

found in the blood or tissues. 

Final host – see host definitive. 

Fish tapeworm – A common name of the 

cestode Diphyllobothrium latum. 

Flagellate – Any member of a group of 

protozoans, which cell bears flagellum or 

flagella for movement. 

Flagellum (pl. flagella) – A long beating 

structure of a cell, which is normally used 

for movement. 

Flatworms – A group of organisms 

comprising the phylum Platyhelminths, 

including the flukes and tapeworms. 

Flea – A small, wingless, blood-sucking insect 

from the order Siphonaptera that may 

be temporary ectoparasites of humans 

and act as vectors of diseases (e.g. 

plague, epidemic typhus, etc.). 

Flesh flies – Flies of the subfamily 

Sarcophaginae; flesh flies from the 

genera Sarcophaga and Wohlfahrtia can 

cause myiases in humans. 

Flukes – A group of parasitic flatworms of the 

class Trematoda. 

Fomites – objects, such as clothing, bedding, 

towels, and other utensils that possibly 

harbor a pathogen/parasite and are 

involved in transmitting it. 

Food-borne disease – see disease 

foodborne. 

Food-borne infection – see disease 

foodborne. 

Fox tapeworm – A common name of the 

cestode Echinococcus multilocularis. 

G 

GAE – An abbreviation of granulomatous 

amoebic encephalitis. 

Geohelminths – Worms which spend a certain 

time during their life cycle living in the 

soil; they have a direct life cycle without 

any intermediate hosts. 
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Giardia lamblia (= Lamblia intestinalis) – A 

flagellate protozoan that causes the 

diarrheal illness known as giardiasis. 

Giardiasis (= lambliasis, beaver fever) – A 

parasitic disease caused by the flagellate 

Giardia lamblia. 

Giant roundworm – A common name of the 

roundworm Ascaris lumbricoides. 

Glossina – A genus of African flies, which 

transmit African trypanosomiasis (the 

sleeping sickness). 

Granulomatous amoebic encephalitis (= 

GAE) – A disease of the human central 

nervous system caused by certain 

species of free-living amoebae, incl. 

species of Acanthamoeba. 

H 

Head louse – A common name of the louse 

Pediculus humanus capitis. 

Helminth – A parasitic worm. 

Helminthiasis (= helminthosis) – A disease 

caused by helminth infection. 

Helminthosis – see helminthiasis. 

Hemozoin (= malarial pigment) – A black-

brown pigment, that is a breakdown 

product of hemoglobin synthesized by 

Plasmodium and other blood-feeding 

parasites. In malaria patients, hemozoin 

is accumulated in the lymphoid tissue, 

liver, spleen, and bone marrow. 

Hermaphrodite – An organism that possesses 

both male and female reproductive 

organs. 

Heteroxenous parasite – see parasite 

heteroxenous. 

Hookworm – A parasitic roundworm of the 

genera Ancylostoma and Necator. 

Hookworm diseases – see ancylostomiasis. 

Host – An organism (animal or human) in/on 

which a parasite lives. 

Host aberrant (= aberrant host) – A host in 

which a parasite is not normally found 

and that is unsuitable for its proper 

development; parasite behavior (e.g. 

migration) in the aberrant host may be 

abnormal. 

Host dead-end (= dead-end host) – Host in 

which a parasite is unable to continue its 

life cycle. 

Host definitive (= definitive host, final host) 

– Host in which a parasite reaches the 

adult stage or undergoes sexual 

reproduction; if there is no sexual 

reproduction in the life cycle of the 

parasite, the host most important to the 

parasite is the definitive host. 

Host intermediate (= intermediate host) – 

Host in which a parasite undergoes 

required development of intermediate 

or larval stages but not sexual maturity; 

intermediate host harbors asexual or 

immature stages of the parasite. 

Host paratenic (= paratenic host, transport 

host) – A host in which a parasite 

survives without undergoing any 

development; a paratenic host 

accumulates and maintains immature 

stages of a parasite. 

Host reservoir (= reservoir host) – Host that 

maintains a parasite/disease organism in 

nature and serves as a source of 

infection for humans and/or domestic 

animals. 

Host specificity – The restriction of a parasite 

to one or more species of its hosts. 

Human flea – A common name of the flea 

species Pulex irritans. 

House flea – A common name of the flea 

species Pulex irritans. 

Human botfly – A common name of the fly 

Dermatobia hominis. 

Human botfly myiasis – see dermatobiasis. 

Hydatid cyst – The bladder-like larvae of the 

tapeworms Echinococcus granulosus or 

Echinococcus multilocularis that contain 

hydatid sand with daughter cysts, each 

of which has many protoscoleces; it is 

the cause of the hydatid disease. 

Hydatid cyst alveolar (= alveolar hydatid 

cyst, multiloculate hydatid cyst) – A 

tumor-like hydatid cyst of a 

multiloculate type, usually in the liver or 

lungs, caused by Echinococcus 

multilocularis. 

Hydatid cyst unilocular (= unilocular 

hydatid cyst) – A thick-walled fluid-
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filled hydatid cyst of Echinococcus 

granulosus usually in the liver or lungs. 

Hydatid disease – see echinococcosis. 

Hydatid sand – The protoscolices, daughter 

cysts, hooks, and calcareous corpuscles 

of Echinococcus tapeworms in the fluid 

within a primary or daughter hydatid 

cyst. 

Hydatidosis – see echinococcosis. 

Hymenolepis nana (= dwarf tapeworm) – A 

tapeworm species infecting humans, 

especially children. 

Hymenolepiasis – One of the most common 

tapeworm infections of humans is 

caused by the tapeworm Hymenolepis 

nana. 

Hyperinfection – Infection caused by very 

large numbers of parasitic organisms. 

I 

Imago – The development stage in which the 

insect attains maturity. 

Indirect life cycle – see life cycle indirect. 

Indirect transmission – see transmission 

mode indirect. 

Infection (= infestation – for ectoparasites) – 

Invasion by pathogens, which may or 

may not result in disease. 

Infection route – see route of infection. 

Infectious agent – see pathogen. 

Infectious disease – Disorder caused by any 

pathogen (parasites, bacteria, viruses or 

fungi). 

Infectious dose – The quantity of a pathogen 

(measured in a number of organisms) 

that is necessary to cause infection in a 

susceptible host. 

Infective stage (= invasive stage) – Specific 

stage in the life cycle of a parasite that is 

capable of infecting a susceptible host. 

Infestation – the presence of an unusually 

large number of ectoparasites in a place, 

typically so as to cause damage or 

disease. 

Insect – Any member of the class Insecta, the 

phylum Arthropoda. 

Intermediate host – see host intermediate. 

Invasive stage – see infective stage. 

Intermittent parasite – see parasite 

temporary. 

Itch mite – A common name of the mite 

Sarcoptes scabiei. 

Ixodiasis – Skin infestation with Ixodes ticks. 

Ixodes ticks – Any member of hard-bodied 

ticks of the genus Ixodes; this group 

includes vectors of important diseases 

(e.g. babesiosis, Lyme disease, etc.) 

J 

Japanese lung fluke (= oriental lung fluke) 

– A common name of the trematode 

Paragonimus westermani. 

K 

Kala-azar – see leishmaniasis visceral. 

Katayama syndrome (= Katayama fever, 

Safari fever, acute schistosomiasis) – A 

set of phenomena in humans, including 

fever, lethargy, malaise, and myalgia, 

associated with the penetration of the 

skin and invasion of the body by the 

cercariae of Schistosoma spp. 

Katayama fever – see Katayama syndrome. 

Kinetoplast – A network of circular DNA inside 

a large mitochondrion that is usually 

adjacent to the organism's flagellar 

basis; typical for kinetoplastids. 

Kinetoplastid – Any member of a group of 

flagellated protists that is characterized 

by the presence of the kinetoplast (e.g. 

Trypanosoma, Leishmania). 

"Kissing bug" – The triatomine bug that 

transmits the American trypanosomiasis; 

its nocturnal bite is barely felt. 

L 

Lamblia intestinalis – see Giardia lamblia. 

Lambliasis – see giardiasis. 

Lancet liver fluke – A common name of the 

trematode Dicrocoelium dendriticum. 

Large intestinal roundworm – A common 

name of the roundworm Ascaris 

lumbricoides. 

Larva – An immature stage in the life cycle of 

an organism, which bears little, if any, 
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structural resemblance to the mature 

stage and must undergo changes in 

form and size to reach the adult stage. 

Larva currens – A variant of cutaneous larva 

migrans caused by Strongyloides 

stercoralis, in which the linear progress 

of the lesions is much more rapid. 

Larva migrans – see cutaneous larva 

migrans. 

Leishmania – A genus of kinetoplastid 

parasites causing leishmaniasis. 

Leishmaniasis – Infection with amastigotes of 

kinetoplastid parasites from the genus 

Leishmania. 

Leishmaniasis mucocutaneous – Infection of 

human skin and mucosa caused by 

kinetoplastid protozoans of the genus 

Leishmania (e.g. L. brasiliensis). 

Leishmaniasis cutaneous (= cutaneous 

leishmaniasis, Oriental sore, Bagdad 

boil, Aleppo button) – Skin infection 

with kinetoplastid protozoans of the 

genus Leishmania (e.g. L. tropica). 

Leishmaniasis visceral (=visceral 

leishmaniasis, kala-azar, black fever, 

dumdum fever) – Potentially fatal 

parasitic disease of the viscera due to the 

infection with kinetoplastid protozoans 

of the genus Leishmania (e.g. L. 

donovani). 

Life cycle – A process of a parasite’s growth, 

development and reproduction, which 

proceeds in one or more different hosts 

depending on the species of parasite. 

Life cycle direct (= direct life cycle) – A life 

cycle that includes a definitive host only, 

with no intermediate hosts involved. 

Life cycle indirect (= indirect life cycle) – A 

life cycle that includes a definitive host 

and one or more intermediate hosts. 

Liver fluke – A representative of several 

genera of flukes (e.g. Fasciola, 

Opisthorchis), which adult stage infects 

the liver of humans. 

Loa loa – The filarial worm species that cause 

loiasis in human. 

Loiasis – Subcutaneous and eye infection with 

the filarial nematode Loa loa. 

Louse (pl.: lice) – A common name for insects 

of the order Phthiraptera, which are 

species-specific obligate blood-sucking 

ectoparasites. 

Lung fluke – A common name of the fluke 

from the genus Paragonimus. 

Lyme borreliosis – see Lyme disease. 

Lyme disease (= Lyme borreliosis) – The tick-

borne disease caused by the bacteria 

Borrelia. 

Lymphatic filariasis – see filariasis 

lymphatic. 

M 

Maggot – A soft-bodied larva of a fly. 

Malaria – An infectious disease caused by 

apicomplexan parasites from the genus 

Plasmodium. 

Mansonella – A genus of filarial worms of 

which some parasites reside in the skin 

or certain body cavities of humans. 

Mastigophora – A group of flagellate 

protozoans, including kinetoplastids and 

Trichomonas vaginalis. 

Mechanical vector – see vector mechanical. 

Medical parasitology – The study of 

organisms, which parasitize humans. 

Metacercaria (pl.: metacercariae) – A tailless 

encysted late-stage larva of the flukes 

(class Trematoda) that is usually infective 

for the definitive host. 

Microfilaria (pl.: microfilariae) – A larva of 

filarial worms of the family 

Onchocercidae, including Loa loa, 

Wuchereria bancrofti, and Mansonella 

spp. 

Miner's anemia – see ancylostomiasis. 

Miracidium (pl.: miracidia) – A free-living 

swimming ciliated larva of trematodes 

(flukes) that emerges from an egg. 

Mite – A small to microscopic arachnid of the 

subclass Acari, including human 

parasites like Demodex folliculorum and 

Sarcoptes scabiei. 

Monoxenous parasite – see parasite 

monoxenous. 

Mother-to-child transmission – see 

transmission mode vertical. 

Mosquito – Any member of the insect family 

Culicidae, including several vectors of 
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parasitic diseases such as malaria and 

filariases. 

Mucocutaneous leishmaniasis – see 

leishmaniasis mucocutaneous. 

Multi-chamber echinococcosis – see 

echinococcosis multi-chamber. 

Myiasis – Invasion of the human body by 

larval stages (maggots) of flies. 

N 

Naegleria fowleri (= brain-eating amoeba) 

– Free-living amoeba that normally 

persists in warm waters and can be 

highly pathogenic for humans. 

Naegleriasis (= primary amoebic 

meningoencephalitis (PAM)) – A fatal 

meningoencephalitis caused by the 

amoeba Naegleria fowleri. 

Nematode (= roundworm) – Any member of 

the phylum Nematoda. 

Nematodiasis – Infection caused by 

nematodes. 

Neurocysticercosis – Infection of the human 

central nervous system with cysticerci of 

the pork tapeworm, Taenia solium. 

Nit – An egg of a louse. 

Norwegian scabies (= crusted scabies) – 

Severe form of scabies seen in the 

elderly or immunocompromised 

patients and characterized by a large 

number of mites (Sarcoptes scabiei) 

found in and on the skin and marked 

scaling of the skin. 

Nymph – An immature stage of some 

arthropods, like mites and ticks. 

O 

Obligate parasite (= obligatory parasite) – 

see parasite obligate. 

Obligatory parasite – see parasite obligate. 

Ocular demodicosis – see demodicosis 

ocular. 

Onchocerca volvulus – The filarial worm 

species that causes onchocerciasis. 

Onchocerciasis (= river blindness) – An eye 

infection caused by filarial worm 

Onchocerca volvulus; may lead to 

blindness. 

Oncosphere (= onchosphere) – A larva of 

some tapeworms that develops within 

the egg and is armed with six hooks. 

Oocyst – An environmentally resistant zygote-

containing cyst of some sporozoans that 

may be infective for humans (e.g. in 

Toxoplasma). 

Operculum – A cap-like cover of the eggs in 

certain species of tapeworms (e.g. 

Diphyllobothrium latum) and most 

flukes. 

Opisthorchiasis – A disease caused by the 

trematode from the genus Opisthorchis 

(e.g. Opisthorchis felineus) that may 

result in obstruction of the biliary tract. 

Opisthorchis felineus (= cat liver fluke) – A 

liver fluke species that causes 

opisthorchiasis. 

Oriental lung fluke (= Japanese lung fluke) 

– A common name of the trematode 

Paragonimus westermani. 

Oriental sore – see leishmaniasis cutaneous. 

P 

PAM – An abbreviation of the primary 

amoebic meningoencephalitis. 

Paragonimiasis – Inflammatory disease 

principally in the lungs caused by the 

lung flukes from the genus Paragonimus 

(often by Paragonimus westermani). 

Paragonimus westermani (= Japanese lung 

fluke, oriental lung fluke) – A lung 

fluke species that causes paragonimiasis. 

Parasite – An organism that lives in or on 

another organism (its host) and derives 

nutrients from it, causing a detrimental 

effect on the host. 

Parasite facultative (= facultative parasite) 

– A free-living or commensal organism 

that can become parasitic in certain 

circumstances, but does not absolutely 

rely on any hosts for completion of its 

life cycle. 

Parasite heteroxenous (= heteroxenous 

parasite) – A parasite that lives in or on 

more than one hosts during its life cycle. 

Parasite monoxenous (= monoxenous 

parasite) – A parasite that lives in or on 

a single host during its life cycle. 
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Parasite obligate (= obligate parasite, 

obligatory parasite) – A parasite that 

cannot live and reproduce outside the 

body of its host organism. 

Parasite spurious (= spurious parasite) – An 

organism foreign to the host, which has 

just passed through the alimentary tract 

without infecting the host. 

Parasite temporary (= temporary parasite, 

intermittent parasite) – A parasite that 

contacts its host only to feed and then 

leaves. 

Parasitism – Intimate relationship between 

two organisms in which one (the 

parasite) derives benefit from the other 

(the host), usually to obtain food, shelter 

or physical support. 

Parasitology – The study of parasites, their 

hosts and the relationship between 

them. 

Parasitosis – A disease caused by parasite 

infection. 

Paratenic host – see host paratenic. 

Patent period – The period of time from the 

first demonstration of a parasite 

infection until one can no longer 

demonstrate that the host is infected. 

Pathogen (= infectious agent, causative 

agent, disease causative agent) – Any 

organism that causes disease. 

Pediculosis – Human infestation with lice. 

Pediculosis pubis (=phthiriasis) – Human 

infestation with the lice Pthirus pubis, 

usually limited to the pubic hairs but 

sometimes involving other hairy areas 

(eyelashes, eyebrows, or axillae). 

Pediculus humanus humanus (= body 

louse) – A louse subspecies that infests 

humans and attach their eggs to clothes; 

a vector for some viral diseases (e.g. 

epidemic typhus). 

Pediculus humanus capitis (= head louse) – 

A louse subspecies that infests humans 

spending their entire lives on the human 

scalp and attach the eggs to hair. 

Percutaneous route of parasite 

transmission – see transmission 

percutaneous. 

Person-to-person transmission – see 

transmission mode direct. 

Pesticide – A chemical substance (drug) that 

destroys insects. 

Phthiriasis – see pediculosis pubis. 

Pthirus pubis (= crab louse, pubic louse) – A 

louse species that infests the person's 

pubic hair and eyelashes. 

Pinworm – A common name of the nematode 

Enterobius vermicularis. 

Pinworm infection – see enterobiasis. 

Piroplasmosis – see babesiosis. 

Plasmodium – A genus of unicellular 

apicomplexan parasites, many of which 

cause malaria in their hosts. 

Platyhelminths – see flatworms. 

Pork tapeworm (= armed tapeworm) – A 

common name of the cestode Taenia 

solium. 

Prepatent period – The period of time from 

the moment of infection with a parasite 

until one can find that the host is 

infected by detecting stages of the 

parasite (eggs, larvae, etc.) in or from the 

host. 

Prevalence – The proportion of individuals 

having a disease in the whole population 

or sample. 

Primary amoebic meningoencephalitis – see 

naegleriasis. 

Proglottid – A segment of a tapeworm body. 

Protoscolex – A scolex of the larval stage of 

cestodes. 

Protozoan – A microscopic unicellular 

eukaryotic organism, that commonly 

shows characteristics usually associated 

with animals, most notably mobility and 

heterotrophy. 

Pseudoparasite – A false parasite; an object or 

organism that is mistaken for a parasite 

(e.g. non-parasitic species, pollen, plant 

hairs, artificial fibers, etc.). 

Pseudopod – A temporary cytoplasm-filled 

projection of a eukaryotic cell that may 

be used for motility or for ingesting 

nutrients or other particulate matter; 

typical for amoebae. 

Pubic louse (= crab louse) – A common name 

of the louse Pthirus pubis. 

Pulex irritans (= human flea, house flea) – 

A widely distributed flea species, which 

infests domestic animals and humans, 
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and may act as an intermediate host of 

certain helminths and may be a vector of 

the plague; flea bite causes pulicosis. 

Pulicosis – Skin inflammation caused by bites 

of several species of fleas, incl. Pulex 

irritans. 

Pupa – Inactive life cycle stage in some insects 

when a larva undergoes transformation 

to become an imago. 

R 

Roundworm – A common name of a 

nematode. 

Redwater fever – see babesiosis. 

Repellent – A substance that deters insects or 

other animals from approaching or 

settling. 

Reservoir – Any person, animal, and other 

substance in which an infectious agent 

normally lives and multiplies; reservoir 

serves as a source from which other 

individuals can be infected. 

Reservoir host – see host reservoir. 

Rhabditiform larva – The first and second 

larval stages of soil-borne roundworms 

such as Ancylostoma and Strongyloides, 

which precede the infective third-stage 

filariform larva; this form is feeding and 

non-infectious. 

River blindness – see onchocerciasis. 

Rostellum – Apical projection of the scolex in 

tapeworms, which may or may not bear 

hooks. 

Route of transmission – see transmission 

route. 

Route of transmission fecal-oral (= fecal-

oral route of infection, fecal-oral 

route of transmission, fecal-oral 

transmission, oral route of 

transmission) – Spread of infection via 

fecal contamination of human fingers, 

water, and food, when pathogens in 

fecal particles pass from infected person 

to the mouth of another person. 

S 

Safari fever – see Katayama syndrome. 

Sandfly – Any member of a group of flies 

(subfamily Phlebotominae), many of 

which feed on blood and are vectors of 

human diseases, including leishmaniasis. 

Sarcoptes scabiei (= itch mite) – A mite 

species that burrows into the skin and 

causes scabies. 

Scabies – Skin infestation by the mite 

Sarcoptes scabiei. 

Schistosoma – A genus of dioecious blood 

flukes that live in the blood vessels. 

Schistosomiasis (= snail fever, bilharzia) – A 

disease caused by the trematode species 

from the genus Schistosoma. 

Scolex (pl.: scolices) – An attachment body 

region of tapeworms, generally 

considered as the worm's "head". 

"Scotch tape" test – see tape test. 

Shedding – Excretion of an infectious agent 

from the body of an infected host. 

Sheep liver fluke – see common liver fluke. 

Single-chamber echinococcosis – see 

echinococcosis single-chamber. 

Sleeping sickness – see trypanosomiasis 

African. 

Soil-borne disease – see disease soil-borne. 

Source of infection – An object (human or 

animal) from which an infectious agent is 

secreted into the environment and, 

subsequently, to other individuals. 

South American myiasis – see 

dermatobiasis. 

Snail fever – see schistosomiasis. 

Sporozoan – see apicomplexan. 

Spotted flesh fly – A common name of the fly 

Wohlfahrtia magnifica. 

Spurious parasite – see parasite spurious. 

Stage – Any particular form in the life cycle of 

a parasite that can be distinguished from 

all of its other forms (e.g. cyst, 

trophozoite, egg, larva, nymph, adult, 

imago). 

Strobila (pl.: strobilae) – The chain of 

proglottides constituting the bulk of the 

body of an adult tapeworm. 

Strongyloides stercoralis (= threadworm) – 

A roundworm species causing 

strongyloidiasis. 
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Strongyloidiasis – A disease caused 

principally by Strongyloides stercoralis in 

humans. 

Superinfection – A new, superimposed 

infection of a host that already bears 

infection with the same species of 

parasite. 

Swimmer's itch – see cercarial dermatitis. 

T 

Taenia solium (= pork tapeworm, armed 

tapeworm) – A tapeworm species that 

causes taeniasis in its adult stage and 

cysticercosis in its larval stage. 

Taenia saginata (= Taeniarhynchus 

saginatus, beef tapeworm) – A 

tapeworm species that causes taeniasis 

in its adult stage. 

Taeniarhynchus saginatus – Old name of the 

tapeworm Taenia saginata. 

Taeniasis – Intestinal infection with adult 

tapeworms of the genus Taenia. 

Tape test (="Scotch tape" test) – A test used 

for collection and examination of 

samples from the skin around the anus 

to identify pinworm eggs. 

Tapeworm – Any member of parasitic 

flatworms of the class Cestoda. 

Temporary parasite – see parasite 

temporary. 

Texas fever – see babesiosis. 

Threadworm – A common name of the 

nematode Strongyloides stercoralis. 

Tick – A blood-sucking temporary 

ectoparasitic arachnid of the class Acari. 

Tick fever – see babesiosis. 

Torsalo Fly – A common name of the fly 

Dermatobia hominis. 

Toxoplasma gondii – An obligate intracellular 

parasitic apicomplexan that causes 

toxoplasmosis. 

Toxoplasmosis – A disease caused by the 

apicomplexan Toxoplasma gondii. 

Toxoplasmosis congenital (= congenital 

toxoplasmosis) – A disease that occurs 

in the fetus and baby when a pregnant 

mother becomes infected with 

Toxoplasma gondii. 

Transmission – The passing of a pathogen 

(incl. parasite) from a source of infection 

to a particular susceptible host; it is 

characterized by specific or several 

modes and routes of transmission. 

Transmission mode – The way of getting the 

parasite from an infected person to a 

susceptible host. 

Transmission mode direct (= direct 

transmission, person-to-person 

transmission) – Transmission of 

pathogens from an infected person to 

another through touching, biting, 

kissing, droplet contact (coughing, 

sneezing, talking, blood transfusions 

etc.), or sexual intercourse; it may include 

genital-to-genital, oral-genital, skin-to-

skin, respiratory tract–respiratory tract, 

blood-blood routes. 

Transmission mode indirect (= indirect 

transmission) – Transmission of 

infectious organisms from a source of 

infection to a susceptible host through 

inanimate objects (water, food, soil, 

fomites and other contaminated things), 

or via another organisms, either a vector 

or an intermediate host; it may include 

following routes: food–oral, infected 

water–oral, fecal-oral, water–skin, 

clothing–skin, needle–blood, doorknob–

hand, cutaneous penetration, and vector 

fecal deposition. 

Transmission mode vertical (= vertical 

transmission, mother-to-child 

transmission) – Passage of an infectious 

agent from the mother to a fetus or baby 

during pregnancy, childbirth; it includes 

cytoplasmic, transplacental, during 

vaginal birth, breast-feeding routes. 

Transmission percutaneous (= 

percutaneous transmission) – 

transmission of a parasite (pathogen) by 

penetration directly through the intact 

skin (e.g. Schistosoma spp.) 

Transmission route – The pathway of parasite 

from a source of infection (a starting 

point) to a susceptible host (destination); 

see transmission modes for examples. 

Transmissive disease (= vector-borne 

disease) – see disease vector-borne. 



22 
 

Transport host – see host paratenic. 

Trematoda – The class of flatworms 

containing the flukes. 

Trematodiasis – Infection with the flukes 

(class Trematoda). 

"Trich" – A short common name for 

trichomoniasis. 

Trichinella spiralis (= pork worm) – A 

roundworm parasite that causes 

trichinellosis. 

Trichinellosis (= trichinosis) – A disease 

caused by roundworms of the genus 

Trichinella (e.g. by Trichinella spiralis). 

Trichinosis – see trichinellosis. 

Trichomonas vaginalis – A flagellate parasite 

that causes trichomoniasis. 

Trichomoniasis (= "trich") – A sexually 

transmitted disease caused by 

Trichomonas vaginalis. 

Trichuris trichiura (= whipworm) – A 

roundworm species that causes 

trichurosis. 

Trichurosis (= trichuriasis) – An intestinal 

infection with Trichuris trichiura. 

Trichuriasis – see trichurosis. 

Trophozoite – The active, motile feeding 

stage of apicomplexan parasites, and the 

motile stage of flagellate protozoa (e.g. 

Giardia spp.). 

Trypanosoma brucei – A flagellate 

kinetoplastid parasite inhabiting blood 

and lymph that causes African 

trypanosomiasis in human. 

Trypanosoma cruzi – A flagellate 

kinetoplastid parasite that causes 

American trypanosomiasis in human. 

Trypanosomiasis – A disease caused by 

species of the genus Trypanosoma. 

Trypanosomiasis African (=African 

trypanosomiasis, sleeping sickness) – 

A fatal infection of the nervous and 

lymphatic systems in human which is 

caused by a flagellate protozoan 

Trypanosoma brucei. 

Trypanosomiasis American (= American 

trypanosomiasis, Chagas disease) – A 

disease caused by a flagellate protozoan 

Trypanosoma cruzi. 

Tsetse – A common name of any member of 

the genus Glossina. 

Tunnel disease – see ancylostomiasis. 

U 

Undulating membrane – A fin-like extension 

usually associated with the flagellum in 

some parasitic flagellates such as 

trypanosomes and trichomonads; the 

presence of undulating membrane 

enhances the motility of the parasite in a 

viscous fluid, such as the blood. 

Unicellular – Being composed of a single cell.  

Unilocular echinococcosis (= 

singlechamber echinococcosis) – see 

echinococcosis single-chamber. 

Unilocular hydatid cyst – see hydatid cyst 

unilocular. 

V 

Vector (= carrier) – An organism that 

transmits a pathogen from one host to 

another. 

Vector mechanical (= mechanical vector) – 

A vector that transmits a pathogen by 

mechanical means only and is not 

required for the parasite's development 

or life cycle. 

Vector biological (= biological vector) – A 

vector in which a pathogen lives or 

develops and which is required to 

complete the parasite’s life cycle. 

Vector-borne disease – see disease 

vectorborne. 

Vertical transmission – see transmission 

mode vertical. 

Visceral leishmaniasis – see leishmaniasis 

visceral. 

W 

Water-borne disease – see disease 

waterborne. 

Whipworm – A common name of the 

nematode Trichuris trichiura. 

Wohlfahrtia magnifica (= spotted flesh fly) 

– A flesh fly of the family Sarcophagidae 

which larvae cause myiasis in humans. 

Worm – A common name of an animal with a 

long body and no limbs. 
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Wuchereria bancrofti – Filarial worm that is 

the major cause of lymphatic filariasis. 

Z 

Zoonosis (= zoonotic disease) – Animal 

disease that may be transmitted to 

humans, but not vice versa (e.g. 

trichinellosis, fasciolosis, toxoplasmosis, 

cysticercosis, echinococcosis). 

Zoonotic disease – see zoonosis.
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Chapter 3 

Brief Description of Parasites  

and Parasitic Diseases 
 

 

 

In general, there are approximately 2 million species of animals described in the world and about 5% 

of them are parasitic. From about 100,000 species of medically important human parasites, more 

than 10,000 species belong to parasitic protozoans, more than 50,000 species are helminths 

(trematodes, cestodes, and nematodes) and more than 40,000 species belong to parasitic 

arthropods. 

In the following chapters, each of the medically important parasites is briefly described under a 

standard scheme, which includes: 

• General information. 

• Geographic distribution of the parasite and prevalence of the parasitic disease. 

• Parasite morphology and life cycle. 

• Symptoms and pathology of the disease.  

• The target group of humans for the parasite infection and routes of parasite transmission. 

• Diagnosis. 

• Prevention.  
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Parasitic Protozoa 

 

Protozoans are microscopic single-celled eukaryotic organisms, which can be free-living or parasitic 

in nature. The nucleus is usually single but can also be double or multiple. Both asexual (e.g. binary 

fission, schizogony, endodyogeny) and sexual (e.g. gametogony) types of reproduction occur in the 

Protozoa. 

About 60,000 species of protozoans are known, of which more than 10,000 are parasitic. Parasitic 

protozoans live and multiply (reproduce) in different organs of a human body, and cause 

asymptomatic or symptomatic infections, such as amoebiasis, balantidiasis, giardiasis, malaria, 

trypanosomiasis, etc.  

Classification of protozoans is based on types of cell movement:  

• Amoebas (Amoebozoa, formerly known as Sarcodina) – move and capture food by 

forming temporal "legs" – pseudopodia (Entamoeba, Acanthamoeba, Naegleria);  

• Ciliates (Ciliophora) – move and capture food by numerous cilia (Balantidium coli); 

• Flagellates (formerly known as Mastigophora) – move and capture food by a flagellum 

or few flagella (Giardia, Leishmania, Trypanosoma); 

• Sporozoans (Sporozoa) – organisms whose adult stages are not motile; they are mostly 

intracellular parasites (Babesia, Plasmodium, Toxoplasma). 
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Entamoeba histolytica 
 

General information. Entamoeba histolytica is an anaerobic parasitic amoeba that lives in the 

human colon and feeds on cells of the mucosa. Entamoeba histolytica causes an infectious disease 

called amoebiasis that can manifest as bloody diarrhea as well as colonic ulcerations in humans and 

primates. For most infected people this disease is mostly asymptomatic; only about 10% to 20% of 

people infected with E. histolytica become sick. Amoebiasis is a zoonotic disease (zoonosis). In 

general, several protozoan species from the genus Entamoeba colonize human intestine (E. dispar, 

E. hartmanni, E. moshkovskii, E. polecki, etc.), but not all of them are associated with amoebiasis. 

Entamoeba histolytica is well recognized as a pathogenic amoeba, associated with intestinal (colon 

and cecum) and extraintestinal (tissue) infections. Misdiagnosis of amoebiasis can occur as other 

Entamoeba species may easily be confused with E. histolytica in diagnostics. 

Geographic distribution. Entamoeba histolytica is a cosmopolitan species which is distributed 

worldwide: in Europe, North Central and South America, Africa, Asia, and Australia, and on many 

archipelagos. This parasite is more common in people who live in tropical areas with poor sanitary 

conditions. About 50 million people became infected every year resulting in up to 45,000 – 100,000 

deaths. Previously, it was thought that 10% of the world population was infected with E. histolytica, 

but recent data revealed that at least 90% of these cases were misdiagnosed due to a presence of 

non-pathogenic species. 

Parasite morphology and life cycle. There are two developmental forms of E. histolytica:  

• A trophozoite is a vegetative form of the parasite that is pathogenic for humans. The 

trophozoite is 10–60 µm in size. This active amoeboid form of the parasite feeds and 

reproduces in the human intestine. It can be typically found in diarrheal stool. Trophozoites in 

the stool are rapidly destroyed once outside the human body. If ingested, trophozoites would 

not survive exposure to the gastric environment. 

• A cyst is the infective stage of the parasite. This stage is for survival outside of the host (in soil, 

water, etc.). It can be distributed throughout the environment and infect other hosts. The cyst 

is round, 12–14 µm in size and has a thick cell membrane and cell wall, which prevents 

desiccation and increases survival in the environment. Early cysts (precysts) have single or two 

nuclei and a large deeply staining rodlike body called “chromatoid bar”, or “chromatoid body”. 

Late cysts (tetranucleated cysts) have four nuclei. Cysts are typically found in formed stool.  

Entamoeba histolytica has a direct life cycle with a single host. Cysts and trophozoites are passed in 

feces. Infection by E. histolytica occurs by ingestion of mature cysts with fecally contaminated food, 

water, or from dirty hands. Excystation occurs in the small intestine. Cysts release trophozoites, which 

migrate to the large intestine where they feed and grow. Trophozoites multiply by binary fission and 

produce cysts, and both stages are passed in the feces. 

Symptoms and pathology. Those people who do become sick usually develop symptoms within 

2 to 4 weeks following exposure, though sometimes it can take longer. Symptoms of acute 

amoebiasis include diarrhea or dysentery with frequent, small and often bloody stools, fulminant 

colitis and even peritonitis. Symptoms of chronic amoebiasis include a number of gastrointestinal 

symptoms, such as fatigue, weight loss, and occasional fever. 

• Noninvasive infection: In most cases (80–90%), amoebiasis is asymptomatic. The 

trophozoites inhabit the intestinal lumen feeding with bacteria and food particles. People are 

asymptomatic carriers, passing cysts in their stool. 

• Intestinal disease: In some patients, the trophozoites invade the intestinal mucosa, which 

results in colitis, inflammation of the colon, bloody diarrhea and sickness. 
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• Extraintestinal disease: The trophozoites can enter the bloodstream and reach extra-

intestinal sites (liver, brain, and lungs) with resultant extensive damage. In the liver, 

trophozoites create unique abscesses with well-circumscribed regions of dead hepatocytes 

surrounded by few inflammatory cells, trophozoites, and unaffected hepatocytes. Liver 

abscesses are the most common manifestation of extraintestinal amoebiasis. Other 

complications of intestinal amoebiasis include amoebic cerebral abscesses, amoebic peritonitis, 

genitourinary amoebiasis, peritoneal ulceration, pulmonary amoebiasis, spleen abscess, and 

toxic megacolon.  

Target groups and routes of transmission. Target groups for amoebiasis include the following 

categories: people who travel to tropical places with poor sanitary conditions; immigrants from 

tropical countries with poor sanitary conditions; men who have sex with men (up to 20–30% cases). 

Amoebiasis is a food-borne disease with the fecal-oral route of transmission. A person may be 

infected with E. histolytica if: 1) he/she puts anything contaminated with fecal material into their 

mouth; 2) he/she touched the feces (poop) of an infected person; 3) he/she swallows Entamoeba 

cysts from contaminated water or food; 4) he/she swallows cysts picked up with contaminated 

surfaces or fingers/hands. 

Diagnosis. Diagnosis of intestinal amoebiasis includes a fecal examination (examination of wet-

mount slides prepared from the patient’s feces) searching for the cysts or trophozoites. Since the 

excretion of cysts in the stool is often intermittent, at least three consecutive fecal specimens should 

be examined. A commensal (non-pathogenic) amoeba can easily be confused during microscopic 

examination. Cysts of E. histolytica have four nuclei; non-pathogenic amoeba has 6–8 or more nuclei.  

Other methods that can be used for identification of E. histolytica are sigmoidoscopy for mucosal 

scrapings (wet mount following the iron-hematoxylin staining to demonstrate trophozoites), stool 

culture, serodiagnosis, and molecular diagnosis (polymerase chain reaction (PCR) to differentiate E. 

histolytica from non-pathogenic species). The blood test is not especially effective. 

Prevention. No vaccine is available. The E. histolytica cysts are rapidly killed by heat and by freezing. 

Prevention of infection includes the following steps: boil drinking water; wash fruits and vegetables 

with clean water before eating. Good food and water hygiene effectively prevent amoebiasis. 

Detection and treatment of human–carriers and forbidding them from handling and processing food. 

Health education helps to prevent the distribution of infection. 
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Acanthamoeba spp. 
 

General information. Different amoeba species from the genus Acanthamoeba are commonly 

recovered from soil, dust, air, and water environments. Acanthamoeba species are free-living 

amoebae that feed on bacteria in nature. However, under some circumstances, they can cause 

infections in humans. Acanthamoeba is a facultative parasite, which can cause rare, but severe 

infections (acanthamoebiasis) of the eyes, skin, and central nervous system; some of which can be 

lethal. Acanthamoebiasis is an anthroponotic infection, which can be transmitted from human to 

human. 

Geographic distribution. Worldwide. Free-living stages of Acanthamoeba are found everywhere 

in natural environments (soil, dust, in fresh, brackish and seawater sources), human-modified 

environments (in swimming pools, hot tubs, drinking water systems, in heating, ventilating, air 

conditioning systems, and humidifiers), as well as on medical devices (on contact lens equipment, 

medicinal pools, dental treatment units, and dialysis machines).  

Parasite morphology and life cycle. There are two developmental forms of Acanthamoeba:  

• A trophozoite is motile, actively feeding, and dividing stage. Trophozoites are variable in size 

(15–50 µm) and shape; they often producing many spine-like processes called acanthapodia. 

Trophozoite has one large nucleus with a large, centrally located karyosome in the center of 

the cells.  

• A cyst is a dormant highly resistant stage. Cysts are round, 10–20 µm in size; it is polygonal or 

star-like double-walled cells. The cyst has one nucleus with a large karyosome. 

Both trophozoites and cysts are infective. Humans acquire infection by inhalation of the cyst or 

trophozoite, or via broken skin and eyes. The trophozoites can penetrate the nasal mucosa and 

migrate to the brain via the olfactory nerves. Upon reaching the lungs after inhalation, the 

trophozoites enter the blood circulation system and invade the central nervous system, where they 

replicate causing the granulomatous amoebic encephalitis.  

Symptoms and pathology. Acanthamoeba can cause several serious diseases in human: 

• Acanthamoeba keratitis is an infection of eyes that typically occurs in healthy persons and 

can result in permanent visual impairment or even blindness. Symptoms include eye pain, eye 

redness, blurred vision, sensitivity to light, the sensation of something in the eye, excessive 

tearing, unilateral photophobia, etc. 

• Granulomatous amoebic encephalitis (GAE) is a serious infection of the brain and spinal 

cord that typically occurs in persons with a compromised immune system. Symptoms include 

mental status changes, loss of coordination, fever, muscular weakness or partial paralysis 

affecting one side of the body, double vision, sensitivity to light, and various neurologic 

problems (seizures, paresis, and mental deterioration). Autopsy of the brain reveals severe 

edema and hemorrhagic necrosis. Symptoms progress over several weeks and death usually 

occurs. The incubation period is unknown but estimated to be weeks to months. 

• Disseminated infection is a widespread infection that affects the skin, sinuses, lungs, and 

other organs independently or in combination. It is also more common in persons with a 

compromised immune system. Symptoms include inflammation of the lungs, sinuses, and 

different skin infections (reddish nodules, skin ulcers, abscesses). Disseminated infection can 

spread to the brain. 
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Target groups and routes of transmission. Target groups for Acanthamoeba keratitis are the 

following categories of humans: contact lens wearers (70% of recorded cases); immuno-

compromised patients (with AIDS, HIV, oncology, diabetes, etc.); patients with corneal abrasion; 

people who expose their eyes to contaminated water. Target groups for granulomatous amoebic 

encephalitis and disseminated infection are immunocompromised patients with AIDS/HIV, 

organ/tissue transplants, persons on steroids or with excessive use of antibiotics, with diabetes 

mellitus, cancer, liver cirrhosis, and lupus. The main route of Acanthamoeba transmission to humans 

is via broken skin (skin cuts, wounds), though the nasal mucosa or the conjunctiva or cornea of the 

eyes. 

Diagnosis. Diagnosis of the Acanthamoeba keratitis includes in vivo confocal microscopy 

examination of eye cornea (cysts are hyper-reflecting in UV-light), corneal scrape or biopsy, and 

tissue culture (for cyst formation during one week).  

Diagnosis of the granulomatous amoebic encephalitis and disseminated infections includes tissue 

biopsy, culture (on non-nutrient agar plate coated with bacteria Escherichia coli to demonstrate of 

cysts and trophozoites), immunofluorescence microscopy and polymerase chain reaction (PCR). A 

cerebrospinal fluid examination can reveal motile trophozoite forms. 

Prevention. To prevent Acanthamoeba keratitis, tap water should not be used to rinse contact 

lenses. Prevention of granulomatous amoebic encephalitis not exists. Good immunity and a healthy 

lifestyle are recommended to prevent acute forms of diseases. 
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Naegleria fowleri 
 

General information. Naegleria fowleri is a free-living ameba, which is commonly found in warm 

freshwater reservoirs and in soil. Naegleria fowleri is a thermophilic freshwater amoeba, which lives 

under a temperature of 25–46˚C; it dies at chlorine levels of 2 ppm and salinity of 0.7%. Naegleria 

fowleri is a facultative parasite called the “brain-eating amoeba” because it can occasionally cause a 

fulminate (sudden and severe) brain infection called naegleriasis, or primary amoebic 

meningoencephalitis (PAM). Naegleriasis is an anthroponosis.  

Geographic distribution. While very infrequent (about 300 cases), human infections with N. fowleri 

appear to occur worldwide in 16 countries; in the USA about 8 cases are documented per year. 

Infection typically occurs when people go swimming or diving in warm freshwater reservoirs (lakes, 

rivers, hot springs, etc.). In very rare instances, N. fowleri infections may occur when contaminated 

water from an inadequately chlorinated swimming pool or contaminated tap water enters the nose.  

Parasite morphology and life cycle. Naegleria fowleri has three developmental forms:  

• An amoeboid trophozoite is about 10–20 µm in size. It has rounded pseudopodia 

(lobopodia) and one spherical nucleus with one large dense mass in the middle called 

karyosome. This is the invasive and infective form of the parasite. Trophozoite of N. fowleri 

can be found in cerebrospinal fluid. 

• A flagellate form is a bi-flagellated pear-shaped organism that occurs when trophozoites 

are transferred to harsh conditions (distilled water). The flagellate can revert to the amoeboid 

form. 

• A cyst is the resting or dormant form; cysts are 7–10 µm in diameter and have a smooth 

double wall. Trophozoites encyst under unfavorable conditions (food deprivation, 

desiccation, and cold temperature) in nature or in cell cultures. Cysts of N. fowleri have never 

been found in cerebrospinal fluid samples or brain tissue. 

Trophozoites and flagellated forms are infective to humans. The trophozoites live in water; they feed, 

replicate and under unfavorable condition can turn into temporary non-feeding flagellated forms, 

which usually revert to the trophozoite stage. Trophozoites infect humans or animals by penetrating 

the nasal mucosa and migrate to the brain via the olfactory nerves. Trophozoites can be found in 

samples of cerebrospinal fluid and brain tissue, while flagellate forms are occasionally found in 

cerebrospinal fluid.  

Symptoms and pathology. Primary amoebic meningoencephalitis (PAM) has two stages with 

different symptoms. The first stage (1–9 days after infection) is characterized by severe frontal 

headache, fever, nausea, and vomiting. The second stage (5–18 days after infection) is characterized 

by a stiff neck, seizures, altered mental status, hallucinations, and coma. The incubation period varies 

from 2 days to 2 weeks. PAM progresses rapidly and coma can occur after 3–5 days. Mortality among 

patients is over 95%. Death occurs usually within 3–7 days after infection. 

Target groups and routes of transmission. Target groups for primary amoebic 

meningoencephalitis are mostly young adults, children, and swimmers. The main route of 

transmission of N. fowleri to humans is percutaneous transmission through the nasal mucosa; after 

the parasites migrate to the brain. 

Diagnosis. Because naegleriasis is an extremely fulminating disease which results in very high 

mortality, the diagnostic procedures are divided onto pre- and post-mortem diagnosis. Pre-mortem 
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diagnosis includes direct visualization of N. fowleri trophozoites in cerebrospinal fluid. Cell cultures 

and molecular diagnosis (PCR) are also used. Post-mortem histological examination of the brain 

following autopsy may also show the presence of trophozoites as well as inflammation, hemorrhage, 

and necrosis of brain tissues. 

Prevention. Prevention does not exist; however proper chlorination of swimming pools significantly 

decreases the survival of N. fowleri. 
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Balantidium coli 

 
General information. Balantidium coli is a large single-celled ciliated parasitic protozoan. It is the 

only member of the ciliates (Ciliophora) known to be pathogenic to humans. Balantidium coli is the 

obligate parasite, which resides in the large intestine of humans, pigs, and non-human primates, and 

causes the intestinal infection called balantidiasis. Mostly asymptomatic, this infection can cause 

diarrhea and abdominal pain. Balantidiasis is considered a zoonosis. 

Geographic distribution. Balantidium coli is found throughout the world (on all five continents), 

but it is the most prevalent in tropical and subtropical regions and developing countries, including 

Latin America, Southeast Asia, Papua New Guinea, and the Middle East. Balantidiasis is considered a 

rare disease of human; the prevalence rate is less than 1% of the human population.  

Parasite morphology and life cycle. There are two developmental forms of B. coli:  

• A trophozoite is large, ovoid organism, measuring about 50–130 µm x 20–70 µm (up to 200 

µm), covered with short cilia over the entire surface of the cell. Its anterior end is narrow and 

posterior end is broad. At the anterior end, there is a groove (peristome) advancing to the 

mouth (cytostome) and a short funnel-shaped gullet (cytopharynx). Posteriorly, there is a 

small anal pore (cytopyge). The trophozoite has two nuclei: a large kidney-shaped 

macronucleus and a small round micronucleus. The trophozoite is not an invasive stage. 

• A cyst is smaller, spherical in shape, measuring 40–60 µm in diameter. A thick double-layer 

wall surrounds cyst. The cytoplasm is granular with the presence of a macronucleus, 

micronucleus, and vacuoles. The cyst is the infective stage. It can be found in feces of 

asymptomatic chronic patients and carriers.  

Balantidium coli has a simple life cycle with a single host. Cysts are infective to humans. The host 

most often acquires the infection through ingestion of cyst contaminated food or water. Following 

ingestion, excystation occurs in the small intestine. The trophozoites then colonize the lumen of the 

large intestine (colon), feed on the intestinal flora and replicate. Trophozoites undergo encystation 

to produce infective cysts. Mature cysts are passed with feces into the environment where they can 

survive for weeks and infect new hosts. In the intestine, some trophozoites invade the wall of the 

colon and multiply, some return to the lumen and disintegrate. 

Symptoms and pathology. Most B. coli infections are asymptomatic. Clinical disease results when 

the trophozoites burrow into the intestinal mucosa and initiate an inflammatory reaction. Infection 

most likely occurs in patients with compromised immune systems or in people suffering from 

malnutrition due to the low stomach acidity. The symptomatic disease resembles intestinal 

amoebiasis, which manifests as persistent diarrhea or dysentery with abdominal colics, weight loss, 

nausea, vomiting, and flask-shaped ulcers in the large intestine. Occasionally, intestinal perforation 

and peritonitis may occur. Unlike E. histolytica, B. coli infection does not involve extra-intestinal sites. 

Target groups and routes of transmission. Target groups for balantidiasis are humans who work 

with pigs and do not wash their hands with clean water. Animal reservoirs of balantidiasis are pigs 

(most often), rodents, and non-human primates. Balantidiasis is considered as a food- and soil-borne 

zoonotic disease. The main route of B. coli transmission is fecal-oral. Humans can become infected 

by ingesting food and water contaminated with B. coli cysts from human or animal (usually, pigs) 

feces. 
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Diagnosis. Diagnosis of B. coli includes microscopic examination of fecal samples (examination of 

wet-mount slides prepared from patient’s feces) to detect very large motile ciliated trophozoites with 

two nuclei and/or infective cysts. When stool examination is negative, biopsy specimens and 

scrapings from intestinal ulcers can be examined for the presence of B. coli trophozoites. 

Prevention. Prevention of balantidiasis includes effective personal and community hygiene, proper 

sanitation and using organized toiled facilities. It is recommended to boil drinking water and proper 

cooking of food. Treatment of infected pigs, human patients, and asymptomatic human-carriers is 

obligatory to prevent spreading of balantidiasis. 
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Giardia lamblia 

 
General information. Giardia lamblia (=Giardia intestinalis, or Lamblia intestinalis) is a flagellated 

parasitic protozoan, which is often found in feces of animals (birds, cats, dogs, beavers, cows, sheep, 

and deer) and humans, and in fecally contaminated soil and water. Giardia lamblia is an obligate 

parasite that colonizes the small intestine (duodenum and upper jejunum) of humans and animals 

causing a zoonotic infection called giardiasis (lambliasis, or “beaver fever”).  

Geographic distribution. Giardia lamblia has a global distribution; it is more prevalent in regions 

with warm climates. Giardiasis is endemic in the tropics and subtropics where sanitation is poor. 

About 280 million people are infected worldwide – in developed countries, the prevalence is about 

7% of the human population; in developing countries, the prevalence can reach 30% of the 

population.  

Parasite morphology and life cycle. Giardia lamblia has two developmental forms: 

• A trophozoite is flattened bilaterally symmetrical pear-shaped organism with broad anterior 

end and attenuated posterior end, 10–15 µm long, 5–9 µm wide. It has a "face-shaped 

appearance". Trophozoite has a large sucking disk on the anterior ventral side; it has 2 nuclei, 

4 pairs of flagella, one pair of axostyles along the midline, and 2 parabasal, or median bodies. 

Trophozoite reproduces via binary fission. This is the invasive stage. 

• A cyst is smaller and egg-shaped organisms (8–14 µm x 7–10 µm). After encystation, each 

organelle duplicates; thus each mature cyst contains 4 nuclei, 4 median bodies, and 8 pairs 

of flagella. Upon excystation, each cyst produces two trophozoites. The cyst is the infective 

stage of G. lamblia. 

Giardia lamblia has a simple life cycle with only a single host – either animal or human. People 

become infected by swallowing cysts that are in the soil or in contaminated food or water. Cysts are 

instantly infectious once they are expulsed in the feces from the host's intestine, and can survive in 

water or soil for several months. In the small intestine the cyst excystates and releases two 

trophozoites. Trophozoites live in the lumen of small intestine free or attached to the mucosa by a 

ventral sucking disk, feed and multiply by longitudinal binary fission. Encystation occurs as the 

trophozoites are transited toward the colon. Cysts are passed in the stool and distributed in the 

environment. They infect other hosts (humans or animals) through food and water. 

Symptoms and pathology. Most patients are asymptomatic, but in some cases, giardiasis may 

cause different symptoms: watery sometimes foul-smelling diarrhea that may alternate with soft 

greasy stools; fatigue or malaise; abdominal pain, cramps and bloating; gas or flatulence; nausea; 

weight loss. The stool contains an excess of mucus and fat. The incubation period is about 2 weeks. 

Symptoms usually appear 1–3 weeks after infection and may last 2–6 weeks; in some people, 

symptoms last longer or recur. 

Target groups and routes of transmission. Target groups include children in childcare settings, 

travelers to regions where giardiasis is common, their family members and adults with impaired 

immunity. Giardiasis is a food-borne disease with a fecal-oral route of transmission, which includes 

ingestion of untreated water contaminated with sewage, which is particularly common in developing 

countries. Contamination of natural water sources with cysts also occurs in areas with intensive 

animal husbandry. 
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Diagnosis. Diagnosis of G. lamblia includes microscopic examination of fecal samples (examination 

of wet-mount slides prepared from the patient’s feces). Giardiasis is diagnosed by identification of 

“face-shaped” cysts and trophozoites using direct mounts as well as with concentration procedures. 

In asymptomatic carriers, only the cysts are seen, while trophozoites can be found in the diarrheal 

stool of symptomatic patients. Repeated fecal samplings for 2–3 consecutive days may be necessary 

for proper diagnosis. Examination of duodenal specimens and molecular methods (PCR) to detect 

parasites are also recommended in questionable cases. 

Prevention. Prevention of giardiasis includes the following actions: effective personal and 

community hygiene and proper fecal disposal, avoid consuming contaminated water and food, 

brushing teeth with non-contaminated water when traveling in areas endemic for giardiasis. 
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Trichomonas vaginalis 

 
General information. Trichomonas vaginalis is an anaerobic flagellated parasitic protozoan that 

parasitizes only humans and cannot live outside the human body. Trichomonas vaginalis is an 

obligate parasite, which colonizes the genitourinary system of humans causing trichomoniasis, or 

“trich” (common name). It is the most common protozoan infection of humans in industrialized 

countries. Trichomoniasis is a sexually transmitted infection that usually occurs via vaginal 

intercourse. Trichomoniasis is an anthroponosis. 

Geographic distribution. Trichomonas vaginalis is distributed worldwide. Trichomoniasis is very 

common – it has been estimated up to 500 million cases of infection acquired worldwide (up to 

160,000 new cases every year). It is asymptomatic in most infected men and symptomatic only in 

50% infected women. 

Parasite morphology and life cycle. Trichomonas vaginalis exists in only one morphological 

stage, a trophozoite, and cannot encyst. The trophozoite is 10–30 µm in length and 5–10 µm wide; 

it is "pear-shaped" or ovoid with a short undulating membrane reaching up to the middle of the 

body. It has five flagella (4 anterior flagella immediately extend outside the cell together and one 

flagellum wraps backward along the surface of the organism). The axostyle runs throughout the 

length of the body and projects posteriorly. Fast motility of trophozoite contributes to its 

pathogenicity. While T. vaginalis does not have a cyst form, it can survive only for up to 24 hours in 

urine, semen, or even water samples. Humans are the only known host of T. vaginalis. The parasite 

resides in the woman lower genital tract and the male urethra and prostate, where it replicates by 

longitudinal binary fission. It may survive in a host for more than 2 years and usually transmitted via 

vaginal intercourse.  

Symptoms and pathology. In women, T. vaginalis infects the vagina and do not invade the vaginal 

mucosa. Symptoms include severe itching in the genital area with foul-smelling yellowish-green 

frothy discharge, dysuria, burning sensation during urination and dyspareunia. Cervical erosion is 

also common. In men, the infection is often asymptomatic, although some patients may develop 

urethritis, epididymitis, and prostatitis. Symptoms in both sexes: itching, burning, redness or soreness 

of the genitals, discomfort with urination. The incubation period is from 4 days to up to 4 weeks. 

Target groups and routes of transmission. Trichomoniasis is a sexually-transmitted disease; 

thus, higher prevalence is found among persons with multiple sexual partners. Trichomoniasis often 

coexists with other sexually transmitted diseases, such as candidiasis, gonorrhea, syphilis, human 

immunodeficiency virus (HIV). Transmission usually occurs through vaginal intercourse. Babies may 

acquire an infection during birth from infected mothers. As trophozoites of T. vaginalis can survive 

up to 24 hours in urine, semen, or even water samples, things such as towels have been implicated 

in transmission. 

Diagnosis. Diagnosis of T. vaginalis includes microscopic examination of vaginal or urethral 

discharge (wet-mounts in saline to look for the trophozoites). In men, trophozoites may be found in 

urine or prostatic secretions. Cultures of clinical specimens in Johnson’s and Trussel’s medium are 

recommended when direct microscopy is negative. Molecular diagnosis (PCR) is also informative. 
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Prevention. Prevention of trichomoniasis includes treatment of all sexual partners of the patients. 

The patients should be instructed to abstain from sex until they and their sex partners are completely 

cured. 
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Trypanosoma brucei 

 
General information. Trypanosoma brucei is an obligate parasitic flagellate kinetoplastid that lives 

in the bloodstream of mammalian hosts including human and feeds on blood and lymph. It can also 

parasitize the central nervous system. Trypanosoma brucei is transmitted by blood-feeding tsetse 

flies from the genus Glossina. Trypanosoma brucei causes African trypanosomiasis (= sleeping 

sickness, nagana). Trypanosomiasis is a zoonosis; domestic and wild animals are its natural reservoirs. 

Geographic distribution. Trypanosoma brucei is found only in Sub-Saharan Africa where the tsetse 

fly vectors are prevalent (tropical and subtropical areas on the north of the equator, covering East, 

Central and West Africa where tsetse fly is endemic). About 11,000 people are estimated to be 

infected with T. brucei.  

Parasite morphology and life cycle. Trypanosoma brucei has two morphological forms: 

• Trypomastigote parasitizes mammalian hosts. Trypomastigote is a long and slender 

organism with a streamlined and tapered shape; it is about 15–40 µm in length and 1.5–3.5 

µm in width. A peculiar DNA-containing organelle called kinetoplast is situated near the 

posterior end of the cell; one flagellum starts from the posterior end of the cell, lines along 

the cell wall, and forms the undulating membrane. 

• Epimastigote parasitizes the tsetse fly. It is a smaller organism (10–35 µm in length and 1–

3 µm in width) with an anterior kinetoplast and short undulating membrane. In the tsetse fly, 

the epimastigote transforms into the infective stage – metacyclic trypomastigotes. 

Metacyclic trypomastigotes are introduced into the human host by injection when the tsetse fly takes 

its blood meal. These organisms transform into bloodstream trypomastigotes, which are transported 

to the blood and lymphatic systems, where they grow and multiply by binary fission. The parasites 

are able to penetrate blood vessels and invade extra-vascular tissues, including the central nervous 

system. The tsetse fly becomes infected by ingesting trypomastigotes during subsequent blood 

meals. In the fly's gut, trypomastigotes transform into procyclic trypomastigotes and then into 

epimastigotes, which migrate to the salivary glands of the fly. In the salivary glands, epimastigotes 

transform into the metacyclic trypomastigotes, which can initiate new infections as the fly takes its 

next blood meal. 

Symptoms and pathology. During the first phase of the disease (1–3 weeks after tsetse fly bite), 

the trypanosomes migrate through the bloodstream to the lymph nodes. This causes many 

symptoms and includes ongoing attacks of fever accompanied by headaches and sometimes 

arthralgia. The attacks are often intermittent and can recur over a period of weeks to months. 

Swelling of the lymph nodes at the back of the neck (known as the Winterbottom's sign) is a strong 

indicator of infection. Sustained infection can lead to cardiopathy, nephropathy, and anemia, but 

these conditions do not typically lead to death before the second phase of the disease ensues. Main 

symptoms of the second phase (weeks to months later) are the problems with the central nervous 

system: confusion, poor coordination, numbness, trouble sleeping (for 16–20 hours/day) and 

meningoencephalitis. Without treatment, this neurologic condition will eventually lead to coma and 

death. 

Target groups and routes of transmission. The target group for African trypanosomiasis is 

Africans and travelers to endemic areas in Sub-Saharan Africa. The main route of transmission for 
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T. brucei is percutaneous – with the saliva of the blood-sucking tsetse fly. Trypanosomiasis is 

considered as the insect-borne zoonotic disease. 

Diagnosis. Diagnosis of African trypanosomiasis is based on finding the parasite in body fluids 

(blood, lymph) and in tissues. Examination of wet mount preparation/slides of lymph node aspirates, 

cerebrospinal and chancre fluid are used to look for trypomastigotes. The fluid specimens can be 

fixed and stained with Giemsa stain. Other diagnostic methods include inoculation of specimens from 

suspected cases to rats/mice (highly sensitive procedure), serodiagnosis and molecular diagnosis 

(PCR on clinical specimens). 

Prevention. There are no vaccines against African trypanosomiasis. People must minimize contacts 

with tsetse flies and use insect repellents, especially in endemic areas. Control of the tsetse fly 

population by insecticides is effective to minimize the spreading of the disease. 
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Trypanosoma cruzi 
 

General information. Trypanosoma cruzi is an obligate flagellate kinetoplastid that parasitizes 

human blood and tissues (myocardium and tissues of the colon) and feeds on the blood and lymph 

of the host. Trypanosoma cruzi is transmitted by blood-feeding insects-vectors (triatomine “kissing 

bugs") and causes American trypanosomiasis (= Chagas disease) in human. This disease is zoonotic; 

wild and domestic animals (opossums, foxes, monkeys, dogs, cats, pigs) are natural hosts and 

reservoirs of T. cruzi. 

Geographic distribution. Trypanosoma cruzi is distributed principally in Latin and South America, 

which are endemic areas of Chagas disease. Recently, it was detected in some areas in the 

southwestern United States. Distribution of the parasite is related to the distribution area of the 

triatomine “kissing bugs”. About 8 million people are estimated to be infected with T. cruzi.  

Parasite morphology and life cycle. Trypanosoma cruzi has four morphological forms: 

• Trypomastigote is a non-multiplying organism found in the peripheral blood of human and 

other mammalian hosts, and in hindgut and feces of a vector, triatomine bug. It is a long 

slender cell with a streamlined and tapered shape; size is about 15–20 µm in length and 1.5–

2.5 µm in width. In stained blood smears, trypomastigote is a C- or U-shaped cell, having one 

free flagellum of about one-third the lengths of the body and a large kinetoplast.  

• Amastigote is an intracellular multiplying stage of the parasite. This is an oval organism 

measuring of 2–6 µm in diameter and has a nucleus and a kinetoplast. It has no visible 

external flagella. Morphologically, it resembles the amastigote of Leishmania spp. 

Amastigotes are found in human muscles, myocardium, nerve cells, and the 

reticuloendothelial systems; in triatomine bugs, amastigotes can be found in the midgut. 

• Promastogote (10–15 µm) and epimastigote (15–20 µm) stages are typically found in the 

midgut and tissues of triatomine bugs. 

Trypanosoma cruzi completes its life cycle between triatomine bugs and vertebrate hosts (armadillos, 

cats, dogs, pigs, humans). In both hosts, it feeds and reproduces asexually; bloodstream 

trypomastigote stages do not replicate. When the triatomine bug bites an infected human and feeds 

on infected blood, it ingests trypomastigotes. In the bug midgut, the parasites feed, multiply and 

transform to epimastigotes and metacyclic trypomastigotes. The development of T. cruzi in the bug–

vector takes 8–10 days. Biting the next mammal (or human), the bug defecates near the site of the 

bite; the metacyclic trypomastigotes from its feces enter the host body through the wounds or 

through mucosal membranes, such as the conjunctiva. Other possible modes of T. cruzi transmission 

to humans are blood transfusion and organ transplantation.  

Symptoms and pathology. The incubation period of T. cruzi in humans lasts for 1–2 weeks. The 

disease manifests as acute and chronic forms. Acute Chagas disease can be mild or asymptomatic. It 

occurs soon after infection and may last for 1–4 months. The first clinical sign of infection is 

“chagoma” (subcutaneous swelling around the site of parasite inoculation); it appears within a week 

after infection. As a rule, acute Chagas disease appears most often in children less than 2 years of 

age. Generalized infection with fever and lymphadenopathy can also occur; rare symptom includes 

inflammation of heart muscle (myocardium) or brain. Usually, within 4–8 weeks, acute symptoms 

resolve; then, Chagas disease progresses into the chronic phase of infection. Chronic Chagas disease 

can be asymptomatic, but with severe complications that can be fatal and may develop within 30–40 

years following the initial infection. In the chronic phase, T. cruzi produces inflammation, cellular 
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destruction, and fibrosis of myocardium and nerves. Other symptoms include heart rhythm 

abnormalities, a dilated heart (myopathy), a dilated esophagus (megaoesophagus) or colon 

(megacolon). The patient may die due to acute myocarditis and meningoencephalitis.  

Target groups and routes of transmission. Target groups for American trypanosomiasis include 

people living in rural areas in Latin and South America (endemic areas) and recipients of 

blood/organs from infected donors. The main route of T. cruzi transmission is percutaneous (parasite 

penetrates human skin from feces of the bug). American trypanosomiasis is considered as an insect-

borne zoonotic disease. 

Diagnosis. Diagnosis of the American trypanosomiasis is based on finding the parasite in human 

blood. Microscopic examination of a blood smear to find trypomastigotes in thick and thin Giemsa-

stained peripheral blood smears is recommended in the acute stage of infection. During the chronic 

stage of the Chagas disease, the tissue biopsy specimens may reveal amastigotes. Tissue cultures 

using the Novy, McNeal, and Nicolle medium are used for growing T. cruzi. Serological tests, 

intradermal tests and molecular diagnosis (PCR on clinical samples) are also informative. 

Prevention. There are no vaccines against American trypanosomiasis. To prevent infection with T. 

cruzi people must minimize contacts with triatomine bugs by using the insect repellents and netting 

over the bed. Improvement in housing to eliminate breeding places of bugs is also recommended. 

All blood or organ donors have to be screened for T. cruzi, especially in endemic countries. 
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Leishmania spp. 
 

General information. Protozoans from the genus Leishmania are obligate parasitic flagellate 

kinetoplastids. Leishmania spp. are intracellular parasites (they live within macrophages), which infect 

the host's tissues and feed on the blood and lymph of their hosts. About 20 species of the genus 

Leishmania can cause human diseases called leishmaniases. Vertebrate hosts are mammals, including 

dogs, cats, horses, rodents, wildlife, and humans. Blood-feeding insect vectors (sandflies from the 

family Phlebotominae) can transmit Leishmania parasites. The parasites cause different types of 

leishmaniasis in humans (see below). Leishmaniases are considered as zoonoses (usually), 

anthropozoonoses and anthroponoses.  

Geographic distribution. Leishmaniases are distributed worldwide, but most frequently reported 

from South America, Africa, and India. Leishmaniases are very common and affect about 12 million 

people in 98 countries. About 2 million new cases occur each year. It is the second-largest parasitic 

killer in the world (after malaria) responsible for an estimated 200,000 to 400,000 death each year.  

Parasite morphology and life cycle. Leishmania exists in two morphological forms: 

• Amastigote is small roundish (3–6 µm in diameter) non-motile intracellular organism that 

parasitizes the cytoplasm of mononuclear phagocytic cells (macrophages) of humans and 

other mammals. 

• Promastigote is large spindle-shaped and elongate (15–30 µm long and 1.5–3.5 µm wide) 

extracellular organism with one long flagellum (about the body length), which parasitizes the 

alimentary tract (intestine) of sandflies.  

Leishmaniasis is transmitted by the bite of infected female Phlebotominae sandfly. Sandfly injects 

promastigotes from their proboscis into human skin during its blood meals. Promastigotes are 

phagocytized by human macrophages. In macrophages, promastigotes transform into amastigote 

tissue stages, which feed and reproduce in the cytoplasm of host cells. Parasite, host, and other 

factors determine whether the infection becomes symptomatic or asymptomatic and whether 

cutaneous or visceral forms of leishmaniasis results. Sandflies become infected by ingesting infected 

blood cells with amastigotes of Leishmania. In sandflies, amastigotes transform into promastigotes, 

develop in the gut, and migrate to the proboscis. The incubation period is 2–6 months. 

Symptoms and pathology. Leishmania spp. can cause several serious diseases: cutaneous 

leishmaniasis, mucocutaneous leishmaniasis, and visceral leishmaniasis. Several factors, including 

species of the parasite and state of the host's immunity, determine whether the infection becomes 

symptomatic or not and which type of leishmaniasis (cutaneous or visceral) results. 

• Cutaneous leishmaniasis (= oriental sore, tropical sore, Aleppo boil, etc.) is the most 

common form of leishmaniasis affecting humans. Skin infection develops into skin ulcers 

(lesions on exposed areas on the body that grows and spread with time). Raised red lesions 

develop at the site of the insect bite (from weeks to years after infection). The ulcers may 

become secondarily infected with bacteria. Lesions caused by Leishmania spp. may 

spontaneously heal and then reappear as satellite lesions around the site of the original 

lesion, or along the route of lymphatic drainage. About 90% of cases of cutaneous 

leishmaniasis have been documented in Afghanistan, Iran, Syria, Saudi Arabia, Brazil, and 

Peru. 
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• Mucocutaneous leishmaniasis (= chiclero’s ulcer, uta ulcer) has similar pathogenesis as 

the cutaneous leishmaniasis, but wounds and mucosal ulcers are formed in the human nose 

and mouth. If untreated, all regions of nasal mucosae will be infected and the nasal septum 

will be destroyed. Infection in the respiratory tract mucosa may cause numerous respiratory 

problems, and can result in malnutrition and pneumonia. Secondarily infections are 

responsible for most deaths. The incubation period is from 1 month up to 24 years; therefore, 

this disease can develop many years after the recovery of an initial lesion. About 90% of cases 

of mucocutaneous leishmaniasis have been documented in Brazil, Bolivia, and Peru; other 

countries are Ecuador, Colombia, Venezuela, Ethiopia, Kenya, Namibia, Guyana, Panama, 

Sudan, etc.  

• Visceral leishmaniasis (= kala-azar, black fever, Dumdum fever) has similar pathogenesis 

as the cutaneous leishmaniasis, but parasites infect various visceral organs, mostly spleen, 

liver and bone marrow. The main symptoms of this potentially fatal infection are abdominal 

swelling without definite illness (especially widespread in children), fever, weight loss, fatigue, 

anemia, dermal nodules or lesions similar to leprosy. About 90% of cases of visceral 

leishmaniasis have been documented in India, Bangladesh, Nepal, Sudan, Ethiopia, and Brazil. 

Target groups and routes of transmission. Target groups for leishmaniases are all humans who 

live or travel to warm regions and countries endemic for leishmaniasis as well as recipients of blood 

and organs from infected donors. The main route of Leishmania spp. transmission is percutaneous – 

penetration of the human skin by sandfly bites during its blood meal. Leishmaniases are considered 

as insect-borne zoonotic/anthropozoonotic or anthroponotic diseases. Other modes of transmission 

(e.g. congenital transmission, blood transfusion from infected donors and accidental inoculation in 

the laboratory) are also possible. 

Diagnosis. Diagnosis is based on finding the parasite amastigotes in tissue samples. Microscopic 

examination of blood smears and tissue aspirates (bone marrow, spleen, lymph nodes) stained with 

Giemsa stain is the "gold standard" for diagnosis. Tissue cultures using the Novy, McNeal, and Nicolle 

medium are used for identifications of Leishmania spp. Other methods, like serodiagnosis, skin test 

(Leishmanin skin test, or Montenegro test), and molecular diagnosis (PCR), are effective to detect 

amastigotes of Leishmania spp. too. 

Prevention. There are no vaccines against Leishmania spp. To prevent infection, people must 

minimize contacts with sandflies by using insect repellents, bed nets, and window mesh and wearing 

protective clothing. Various measures to control of mammalian reservoirs (in case of zoonotic kala-

azar) are also recommended. 
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Babesia spp. 
 

General information. Obligate parasites from the genus Babesia are sporozoans, which parasitize 

red blood cells of wild and domestic mammals (mice, cattle, horses, sheep, pigs, dogs, etc.) including 

humans (as an intermediate host). Blood-feeding ticks (definitive host) from the genus Ixodes can 

transmit about five species of Babesia that can cause human babesiosis (= Texas cattle fever, 

redwater fever, or piroplasmosis). Babesiosis is considered as zoonosis; humans are dead-end hosts. 

Geographic distribution. Endemic areas for babesiosis are regions of tick habitats, including the 

temperate regions of Europe and forest regions of the northeastern United States. As babesiosis 

results in a high number of asymptomatic individuals, many human populations can possess high 

seroprevalence of Babesia (up to 25%) without any symptoms. The epidemiological peak of 

babesiosis is in warm seasons (spring to autumn). 

Parasite morphology and life cycle. In the ticks' body, Babesia develops several stages, including 

the sporozoite, which is an infective stage. The intermediate host for Babesia spp. is a white-footed 

mouse (as a rule) or a human (a “dead-end” host). In its intermediate host, Babesia exists in several 

stages, of which the most common are trophozoites. Trophozoites are small cells of different shape 

and size (2–5 µm in diameter) parasitize inside human's red blood cells. Trophozoites usually are in 

pairs and can often be mistaken with the ring form of Plasmodium spp. (see below). After asexual 

reproduction by binary fission, trophozoites form a very specific structure called “Maltese cross 

formation”.  

Transmission of Babesia spp. to mammals or human occurs through the bite of Ixodes ticks (usually) 

or via blood transfusion (rare). Infected tick injects parasites (sporozoites) into an intermediate host 

(mice or humans) while taking a blood meal. The sporozoites enter red blood cells and transform 

there to trophozoites, which feed, asexually reproduce by binary division and form merozoites. 

Merozoites are released when red blood cells rupture and invade new cells. Some merozoites 

differentiate into gametocytes. Ticks become infected by feeding on the infected blood, which 

contains gametocytes. In the digestive tract of a tick, gametocytes undergo sexual development to 

produce sporozoites (infective stage), which migrate to salivary glands. When an infected tick bites 

a human for its blood meal, Babesia sporozoites are introduced into the human skin and 

bloodstream. In human, merozoites do not differentiate into gametocytes; thus, humans are “dead-

end hosts” for Babesia spp.  

Symptoms and pathology. In many cases, babesiosis is asymptomatic (in up to 50% of children 

and up to 25% of adults), or presents as light flu-like symptoms and anemia. The infection may be 

subclinical, self-limiting or acute resembling malaria (see below). First symptoms begin in about 7–

10 days after the tick bite and usually develop within a few weeks or months. Symptoms include 

fever, chills, sweats, headache, body aches, loss of appetite, nausea, fatigue. In contrast to malaria 

(see below), in a case of babesiosis fever shows no periodicity. Mild hepatosplenomegaly and 

hemolytic anemia from the destruction of red blood cells have been reported. Severe babesiosis is 

associated with high parasitemia. The fatality rate is higher among immunocompromised patients. 

Complications of acute babesiosis include renal failure, disseminated intravascular coagulation, acute 

respiratory distress syndrome, and congestive cardiac failure. 

Target groups and routes of transmission. Risk factors for babesiosis include outdoor 

recreational activities such as hiking, camping, etc., during seasons of high tick activity (spring and 
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summer). Except for tourists, the target group for babesiosis is patients receiving a blood transfusion 

from donors residing in endemic areas. Elderly individuals of 50–60 years are more susceptible to 

infection. The fatality rate is higher among immunocompromised patients (with HIV, AIDS, diabetes, 

organ transplants, etc.). The main route of Babesia spp. transmission is percutaneous – with the saliva 

of Ixodes ticks, which penetrates human skin during its blood meal. Babesiosis is considered as a 

tick-borne zoonotic disease. Humans are "dead-end" hosts for Babesia; the transmission of 

babesiosis from human to human is possible only through blood transfusion from infected donors. 

Diagnosis. Diagnosis of Babesia is based on microscopic examination of blood smears. Specific 

“Maltese cross formation” (tetrads of merozoites) in the red blood cells is the characteristic diagnostic 

feature of babesiosis. Other diagnostic methods, like serodiagnosis, molecular diagnosis (PCR) and 

animal inoculation (blood from suspected cases is inoculated into hamsters to be examined later for 

infected red blood cells), are also performed. 

Prevention. There are no vaccines against Babesia spp. Protection against tick bites includes the 

application of tick repellents that minimizes contact with ticks; clothing with a minimal amount of 

exposed skin is also recommended. Individuals with a history of symptomatic babesiosis should be 

prevented from donating blood and organs. 
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Plasmodium spp. 
 

General information. Obligate parasites from the genus Plasmodium are sporozoans that 

parasitize hepatocytes and erythrocytes of humans, wild and domestic animals (mammals, birds, and 

reptiles). Plasmodium spp. are transmitted by blood-feeding mosquitoes from the genus Anopheles 

(definitive hosts) and cause malaria in humans and animals (intermediate hosts). Five species of the 

genus Plasmodium are the causative agents of human malaria, of which Plasmodium falciparum is 

responsible for the overwhelming majority of human deaths from malaria. Malaria is considered a 

zoonosis. 

Geographic distribution. Malaria is very common in tropical and subtropical regions throughout 

the world. This disease occurs in up to 100 countries, mainly confined to poorer tropical areas of 

Africa, Asia, and Latin America. Malaria is prevalent in humid regions along with stagnant waters in 

which mosquito larvae can develop. Temperature (+20–30ºC) needed for the survival of mosquitoes 

from the genus Anopheles is particularly critical. Malaria is the most significant and pathogenic 

parasite, which causes the highest rate of human mortality in the world. Malaria causes over 200 

million clinical cases a year, mostly in tropical Africa.  

Parasite morphology and life cycle. The definitive hosts for Plasmodium spp. are female 

mosquitoes of the genus Anopheles, in which the parasites undergo sexual reproduction. The 

intermediate hosts are various vertebrates, including humans. In mosquitoes, Plasmodium exists in 

several developmental stages, of which the sporozoite is an infective stage. In humans, Plasmodium 

exists in the liver and red blood cells on different stages, of which the most typical is “ring stage” in 

red blood cells. Humans become infected when female mosquitoes inject sporozoites during their 

blood meals. The sporozoites circulate in the bloodstream and enter the liver parenchymal cells 

(hepatocytes), reproduce asexually and release merozoites, which go on to infect red blood cells. In 

the red blood cells, the merozoites feed on the hemoglobin and develop to "ring stage", and then 

to mature trophozoites and merozoites. Merozoites do not metabolize hemoglobin completely and 

leave behind substance – hemozoin that is a dark-colored “malaria pigment”. The infected red blood 

cells eventually bursts, releasing new merozoites to the bloodstream to infect new red blood cells. In 

this stage, all clinical signs of malaria (fever every 24, 48 or 72 hours for different species of 

Plasmodium) manifest. A small percentage of parasites differentiate into sexual stages (gametocytes), 

which are picked up by mosquito host taking their blood meal. In mosquitoes, gametocytes undergo 

further development, reproduce sexually and form sporozoites. Female mosquitoes infect new 

intermediate hosts (human or animals) by injecting the sporozoites during its blood meal. 

Development of the Plasmodium in female mosquitoes takes about 1–4 weeks, depending on the 

species of parasite and environmental temperature. 

Symptoms and pathology. The symptoms of malaria typically develop within 10 days to 4 weeks 

following infection. The initial phase of malaria begins with flu-like symptoms: fever, sweats or chills, 

headache, and vomiting. In some people, symptoms may not develop for several months. 

Development of malaria is characterized by a cyclical occurrence of sudden coldness followed by 

shivering and then fever and sweating, occurring every 2–3 days (depends on the species of 

Plasmodium). When the infected red blood cells lyse (break down) and release invasive merozoites 

(every 24, 48 or 72 hours), toxic factors produced cause fever and rigors. These symptoms usually 

last between 6 and 12 hours.  
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Severe symptoms and complications of malaria include serious organ failures: splenomegaly 

(enlarged spleen), hepatomegaly (enlarged liver), anemia, hypoglycemia, jaundice (yellow coloring 

of skin and eyes), neurological abnormalities, and presence of hemoglobin in the urine (dark urine 

or “Blackwater fever”). Black liver and spleen with hemozoin are typical gross lesions of severe 

malaria. Cerebral malaria (severe infection of the brain) manifests as headache, hyperpyrexia, 

confusion and finally coma and death. Acute renal failure also may occur.  

Target groups and routes of transmission. Target groups for malaria are people who live and 

travel in countries endemic for malaria. Patients with blood transfusion are also a part of the target 

group. Vertical transmission from infected mother to a baby (congenital transmission) is also 

possible. The main route of transmission of Plasmodium spp. is percutaneous – with the saliva of 

infected female mosquitoes from the genus Anopheles. Additional routes of transmission include 

blood transfusion, congenital transmission, and shared syringes. Malaria is considered as the insect-

borne zoonotic and anthropozoonotic disease; wild primates (monkeys and apes) are reservoirs for 

human malaria.  

Diagnosis. Diagnosis of malaria is based on microscopic examination of the blood samples. 

Presence of the "ring stage" of the parasite inside red blood cells is the most characteristic diagnostic 

feature of malaria. Thick and thin blood smears are used for the detection of Plasmodium. Other 

diagnostic methods include rapid diagnostic tests (RDT) by detecting malaria parasite antigens in 

human blood; serodiagnosis is used mostly to identify the infected blood donors to prevent 

transfusion malaria and molecular diagnosis (PCR on blood). 

Prevention. There are no vaccines against malaria. For travelers visiting endemic areas, 

chemoprophylaxis provides effective protection – antimalarial drugs should be recommended before 

traveling and must be continued while in the endemic area and for 4–6 weeks after departure from 

the endemic area. People have to minimize contacts with mosquitoes by using mosquito repellents, 

nettings, and clothing with a minimal amount of exposed skin. 
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Toxoplasma gondii 
 

General information. Toxoplasma gondii is an obligate intracellular sporozoan parasite that causes 

toxoplasmosis in human. It is capable of infecting virtually all warm-blooded animals, but felids 

(domestic and wild cats) are the only known definitive hosts, in which the parasite can undergo sexual 

reproduction. In humans, T. gondii reproduced asexually; it can be found in the musculoskeletal 

tissues, brain, and eyes. Toxoplasmosis is a zoonosis; domestic and wild animals are its natural 

reservoirs. 

Geographic distribution. Toxoplasmosis is extremely common and distributed worldwide: over 6 

billion people (>75% of world human population) are infected with T. gondii. In various countries 

throughout the world, up to 95% of human populations are infected. Infection is the highest in areas 

of the world that have hot, humid climates and lower altitudes.  

Parasite morphology and life cycle. The definitive hosts for T. gondii are felids, usually, domestic 

cats. The intermediate hosts are birds and rodents; however, virtually, all warm-blooded animals can 

serve as the intermediate hosts. Humans are “dead-end hosts” for Toxoplasma.  

Toxoplasma gondii occurs in three morphological forms: 

• Oocyst develops only in the intestine of cats in a result of sexual reproduction of the parasite. 

Oocysts are oval in shape and measure 10–12 µm in diameter. Cats shed millions of oocysts 

per day in their feces for about 2 weeks during the primary infection. The freshly passed 

oocysts are not infective; they undergo development in the soil for 1–5 days and become 

infective. Oocysts are very resistant to environmental conditions and can remain infective in 

soil for about a year. When the intermediate host ingests the infective oocyst, it releases 

parasites in the host's intestine, which initiates infection. 

• Tachyzoite is a crescent-shaped organism, with one end pointed and the other end rounded. 

It measures 3–7 μm in length. The nucleus is situated at the round end of the parasite. It can 

invade any nucleated cell and multiply asexually. The tachyzoites are susceptible to drying, 

freezing and to gastric digestion. 

• Tissue cyst is the dormant form of the parasite. Tissue cysts are found during the chronic 

stage of the infection in the brain, eyes, skeletal muscles and other organs of the intermediate 

hosts. Tissue cysts are round or oval, 10–20 μm in size and contain numerous slowly 

multiplying parasites. Tissue cysts are the infective stage of T. gondii; when raw or 

undercooked meat containing the cysts is ingested by the definitive hosts, the infection 

occurs.  

All three forms are infectious to human. The life cycle of T. gondii includes different stages in different 

hosts. Oocysts are passed out in feces of cats. They need 1–5 days to mature. Intermediate hosts 

(birds, rodents, humans) become infected after ingesting the infective oocysts from contaminated 

soil, water, and plant material. In the intermediate hosts, the oocysts release parasites, which enter 

the intestinal mucosa and multiply asexually. Then parasites are carried to various extraintestinal 

organs via blood circulation, where they form tissue cysts. Cats become infected after consuming the 

intermediate hosts (mice, birds) harboring tissue cysts. In the epithelial cells of the cat's small 

intestine, T. gondii undergoes sexual reproduction and asexual reproduction and develops into 

oocysts, which are passed out in feces. Toxoplasma (in cat) lives for about 3 weeks producing millions 

of oocysts. In humans, the parasites form tissue cysts in different organs (muscles, brain, and eyes). 
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Symptoms and pathology. Toxoplasma gondii is an opportunistic parasite. Most cases of human 

infections are asymptomatic. The most common manifestations of toxoplasmosis are fever, 

headache, myalgia, cervical lymphadenopathy, and splenomegaly. Rarely, toxoplasmosis can cause 

pneumonia, myocarditis, meningoencephalitis, and even death after these complications. 

Toxoplasmosis may cause fatal complications in immunocompromised patients (with HIV, AIDS). 

Infection in the brain causes toxoplasmic encephalitis. Symptoms may include headache, 

confusion, ataxia, and seizures. Clinical manifestations of toxoplasmosis depend on the immune 

status of the infected person. Congenital toxoplasmosis due transmission of T. gondii from a 

pregnant woman to her fetus/baby includes extremely severe consequences: premature birth (in 

about 50% of infants with congenital toxoplasmosis), abnormally low birth weight, ocular damage, 

and a stillborn child (born dead). Toxoplasmosis in an unborn baby can be life-threatening for the 

baby soon after birth. Most newborn babies with congenital toxoplasmosis may appear normal at 

birth but can develop clinical signs and symptoms as they age.  

Target groups and routes of transmission. All people can be exposed to infection with T. gondii 

because of close contacts with domestic cats. Target groups for clinical toxoplasmosis are people 

who have problems with their immune system (people with HIV and AIDS, diabetes, on steroids or 

after organ transplantation), and infants (with congenital infection from mother to a baby). Principal 

routes of T. gondii transmission are through food and water – consuming of undercooked 

contaminated meat, especially beef, lamb, pork and venison (deer); eating food contaminated by 

knives, utensils, cutting boards, etc. that had contact with raw contaminated meat; drinking raw milk 

(in Central and Eastern Europe); via contaminated hands. Zoonotic (directly from cats to human) or 

vertical congenital transmission from mother to child is also common. 

Diagnosis. Diagnosis of toxoplasmosis is based on serological tests of a blood sample by detection 

of the presence of specific antibodies against T. gondii. Other diagnostic methods include molecular 

diagnosis (PCR), animal inoculation, and contrast tomography scanning (to detect lesions in the 

brain), or direct observation of the parasite in stained tissue sections in cerebrospinal fluid, or other 

biopsy material. 

Prevention. To prevent toxoplasmosis, proper food hygiene (washing vegetables and fruits, 

avoiding consuming raw meat or milk) are necessary. People have to wear gloves when gardening 

and during any contact with soil; change the litter box daily if you own a cat; washing your hands 

after contacts with cats. Pregnant women should avoid any contacts with cats. 
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Flatworms, or Platyhelminthes 

Flatworms are multicellular bilateral unsegmented invertebrates from the phylum Platyhelminthes. 

Some flatworms (class Turbellaria) are free-living predators, but other groups (representatives of 

classes Cestoda, Trematoda, and Monogenea) are parasites of animals and human. 

Flatworms have a dorsoventrally flattened body; they do not have a body cavity – they are 

parenchymatous organisms, that means that their body cavity is filled with soft spongy connective 

tissue called parenchyma. Most flatworms are hermaphrodites (every individual has male and female 

reproductive organs); however, some flatworm species have two sexes (males and females). Life 

cycles of flatworms are complex; the parasite includes one to several intermediate hosts 

(invertebrates and/or vertebrates) and one definite host (vertebrates) to complete its life cycle.  

About 20,000 species of flatworms are known to date, of which more than 15,000 are parasites of 

animals and human. Parasitic flatworms parasitize different organs of the human body and cause 

various diseases, like fascioliasis, opisthorchiasis, paragonimiasis, schistosomiasis, taeniases, 

echinococcosis, etc. 

Two main classes of parasitic flatworms cause severe parasitic diseases in humans:  

• Class Trematoda (trematodes, or flukes) are mostly flattened, elongated leaf-like 

unsegmented helminths with two suckers (Fasciola, Opisthorchis, Schistosoma, etc.). 

• Class Cestoda (cestodes, or tapeworms) have a very elongated ribbon-like multi-segmented 

body, which consists of three parts: scolex, neck, and multi-segmented strobila (Taenia, 

Diphyllobothrium, Hymenolepis, Echinococcus, etc.). 
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Trematoda, or Flukes 

Flukes (or trematodes) are flatworms from the class Trematoda. Adult stages of trematodes have 

leaf-shaped bodies from less than 1 mm to up to 5–7.5 cm long covered with spiny (tuberculated) 

outer cuticle. Trematodes have two attachment organs called suckers: the anterior one surrounds the 

mouth (mouth sucker) and the posterior one is located on the ventral side of the body (abdominal 

sucker). Both suckers are necessary for attachment of the parasite to the host's organs. The digestive 

system of trematodes is branched; they have a mouth that is followed by the esophagus, which 

divides into two lateral intestinal caeca. Circulatory and respiratory systems are absent (adult worms 

are anaerobic organisms). Most trematodes are hermaphrodites (except for schistosomes); they have 

male and female reproductive organs in one body. Egg production of trematodes is extremely high 

and can reach up to more than 1,000 eggs per day.  

Millions of people are infected with trematodes in the world; hundreds of thousands of deaths are 

attributed to parasitic diseases caused by trematodes (mostly by Schistosoma spp.) annually. 

A number of trematodes cause dangerous diseases in human (e.g. fascioliasis, opisthorchiasis, and 

schistosomiasis). Most infections with trematodes are considered zoonotic diseases; wild and 

domestic animals are their natural reservoirs. Some diseases circulate in human populations 

(anthroponoses), whereas other diseases are transmitted from animals to humans, or vice versa 

(anthropozoonoses).  

Life cycles of trematodes are complex and include several developing stages. The first intermediate 

host (obligatory) is a mollusk, the second intermediate host (present in life cycles of some flukes) are 

various invertebrate or vertebrate animals, and the definitive host is always a vertebrate. 

According to localization of an adult worm in the human body, the flukes are divided into four 

groups:  

• liver flukes (for example, Fasciola hepatica, Dicrocoelium dendriticum, Opisthorchis 

felineus);  

• intestinal flukes;  

• lung flukes (for example, Paragonimus spp.);  

• blood flukes (for example, Schistosoma spp.).  
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Fasciola hepatica 
 

General information. Fasciola hepatica is a large leaf-shaped fluke, which also is known as the 

"common liver fluke", or "sheep liver fluke". The adult fluke lives in the bile ducts of domestic and 

wild ruminants and can occasionally infect humans. Fasciola hepatica is the obligate parasite that 

causes fascioliasis. People usually become infected by eating raw watercress and other water plants 

or by drinking water contaminated with infective larvae of the parasite (metacercaria). Fascioliasis is 

a zoonosis; domestic and wild ruminants (sheep, goats, cows, deer, etc.) are its natural reservoirs. 

Geographic distribution. Fasciola hepatica has a worldwide distribution and found in over 50 

countries in all five continents. The number of infected people in the world exceeds 2 million. 

Prevalence of fascioliasis is high in sheep or cattle raising regions and in areas where climatic 

conditions promote the development of the larval stages of the parasite (cercariae) (see below). 

Requirements usually include sufficient moisture and favorable temperatures (above +10°C) that 

allow the development of miracidia (ciliated larva) in freshwater reservoirs, reproduction of snails, 

and larval development of the parasite within the snail host. 

Parasite morphology and life cycle. The definitive hosts of F. hepatica are ruminants and humans. 

The intermediate hosts are freshwater snails. The life cycle of F. hepatica includes seven reproducing 

stages. 

• Adult fluke has a large leaf-shaped body measuring of 30 mm long and 13 mm width. It has 

an extremely branched gut and reproductive systems. Adult F. hepatica parasitizes the bile 

ducts of the definitive host. 

• Eggs are large broadly ellipsoidal, ovoid and measuring 80–140 µm × 60–80 µm. Eggs are 

thin-shelled and have a small indistinct operculum (a cap) on the anterior end. 

• Miracidium is an oval larva, which hatches from the egg, and swims free in freshwater by 

means of cilia. The miracidium infects a fresh-water snail (intermediate host) where it 

develops to the sporocyst. 

• Sporocyst is an elongated germinal sac about 700 µm long; it resides inside snail tissues and 

releases the redia. 

• Redia is elongated parasitic stage about 1.3–1.6 mm in length; it has an alimentary canal. The 

germ cells of the mother (= primary) redia give rise to the second generation of daughter 

rediae and then to the cercaria larva. 

• Cercaria has an oval body about 250–350 µm in length with a long tail. Cercaria has 

rudimentary organs of an adult worm (oral and ventral suckers and an alimentary canal) and 

two large penetration glands. Cercariae leave the host–snail and swim freely into the water 

for 2–3 days. They then lose their tails and encyst on water plants. 

• Metacercaria (= adolescaria) is about 200 µm in diameter; it is the encysted cercaria in 

freshwater or on water plants. Metacercaria is a juvenile fluke; it is the infective stage for the 

definitive host. 

Fasciola hepatica has a complex life cycle, which includes one intermediate host (fresh-water snail) 

and the definitive host (ruminants, human). Metacercariae of F. hepatica are infective to humans. The 

adult worms parasitize the bile ducts where they feed on epithelial cells and produce up to 25,000 

eggs per day. Unembryonated eggs (= with no embryo inside) are excreted mixed with bile and feces; 

in freshwater, the eggs develop to miracidia. The miracidium hatches from an egg in freshwater and 
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freely swims using numerous cilia. Miracidium does not feed and has a limited amount of energy; it 

needs to find an intermediate host quickly (during about 8 hours). The miracidium infects the 

intermediate hosts (freshwater snails of the genera Limnaea, Bulinus, or Planorbis). Then, the 

miracidium adheres to a snail by the apical papilla, enters the pulmonary sac of the snail, and 

penetrates into the body tissues and finally reaches to the snail’s digestive gland, where it transforms 

to a sporocyst. The sporocyst reproduces by parthenogenesis (asexual reproduction) and develops 

5–8 rediae (the third type of larva). The redia migrates to the snails' liver; each redia reproduces 

parthenogenetically and forms 14–20 cercariae. The cercariae migrate from the snail's body into the 

surrounding water. Cercaria swims freely in the water, attaches to water grass, loses its tail and 

transforms into a metacercaria. The metacercaria has a thick shell and can live for about a year in 

water or on water grass. The definitive host becomes infected by eating grass (for example, 

watercress) or drinking water contaminated with metacercariae. 

Symptoms and pathology. Fasciola hepatica causes mechanical damage in the host's liver due to 

its large size. Humans develop a severe inflammatory response to F. hepatica infection, as humans 

are not the primary definitive host for Fasciola. The acute phase of fascioliasis (due to migration of 

the parasite) includes the following symptoms: nausea, vomiting, abdominal pain; fever and 

eosinophilia. Hepatomegaly (enlarged liver) may also develop in some patients. The symptoms 

subside as the parasites reach the liver. The chronic phase of fascioliasis (parasites in the bile ducts) 

includes other symptoms: inflammation and blockage of bile ducts, inflammation of the liver and 

gallbladder (cholecystitis), and pancreatitis. 

Target groups and routes of transmission. There are no specific target groups for F. hepatica; 

every human who eats the watercress or salads from infected farms, chews grass or drinks water 

contaminated with metacercariae, can be infected. Fascioliasis is a food-borne zoonotic disease. 

Diagnosis. Diagnosis of fascioliasis is based on finding the F. hepatica eggs in stool samples. Blood 

serological tests, ultrasonic investigation, and contrast tomography are also effective to diagnose 

fascioliasis. 

Prevention. To prevent infection with F. hepatica, people have to avoid eating raw watercress and 

other water plants from potentially infected farms, avoid consuming food and water that might be 

contaminated with metacercariae. 
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Opisthorchis felineus 
 

General information. Opisthorchis felineus is a middle-sized elongated leaf-shaped fluke, which 

also is known as the "cat liver fluke". The adult Opisthorchis parasitizes the bile ducts of fish-eating 

mammals (cats, dogs, bears, etc.) and humans. Trematodes of the genus Opisthorchis (specifically, 

O. felineus and O. viverrini) are the obligate parasites that cause opisthorchiasis. People usually 

become infected by eating raw or undercooking cyprinid fishes with parasite larvae (metacercaria). 

Opisthorchiasis is considered as a zoonosis; fish-eating animals are its natural reservoirs. 

Geographic distribution. Opisthorchis spp. are widespread in various endemic areas of Europe 

and Asia: O. felineus – in Italy, Greece, Germany, Romania, Poland, Ukraine, and Russia; O. viverrini is 

widespread in Asia (India, Thailand, Laos, Vietnam, Cambodia, etc.). Approximately 9 million people 

worldwide are estimated to be infected with Opisthorchis parasites, including 1.2 million – with 

O. felineus. Due to growing international travel and population migration, opisthorchiasis is 

increasingly diagnosed in the countries where the disease is not endemic (USA, Canada, Australia, 

etc.). 

Parasite morphology and life cycle. The definitive hosts of O. felineus are several fish-eating 

mammals and humans. First intermediate hosts are freshwater snails. Second intermediate hosts are 

freshwater cyprinid fishes. The life cycle of O. felineus includes seven stages.  

• Adult fluke is a middle-size elongated leaf-shaped or lanceolate organism measuring 7–12 

mm long and 1.5–3 mm wide. It has two suckers with a larger abdominal sucker; a blind gut 

with two straight intestine branches; testes are in the posterior part of the body. 

• Eggs are elongated, small (20–30 µm × 10–20 µm), with an operculum on its anterior part 

and a pointed terminal knob on its posterior part. 

• Miracidium is an oval elongated larva covered with cilia. It has an apical papilla, apical gland 

and penetration gland on the anterior part. The miracidium infects fresh-water snails where 

it changes in shape to the sporocyst. 

• Sporocyst is an elongated germinal stage measuring 90 µm × 65 µm. The sporocyst moves 

in the intermediate host (snail) tissues where its germ cells develop into redia. 

• Redia is elongated organism measuring 1.7 mm × 0.13 mm; it has an alimentary canal. 

Mother rediae form the second generation of daughter rediae, which, in their term, form the 

cercariae. 

• Cercaria is an elongated larva with a long tail; it is about 200 µm in length. Cercaria has two 

suckers, primordia of adult worm organs and large penetration glands. Cercariae leave the 

first intermediate host (snail), swim in the water and penetrate tissues of cyprinid fish. 

• Metacercaria is an oval (measuring 250–300 µm × 190–230 µm) encysted cercaria in cyprinid 

fish tissues (in 1–2 mm depth). Metacercariae are usually clustering on pectoral fins, gills, and 

gut walls. Development of cercaria into metacercaria takes about 3 weeks to 2 months 

depending on the species of fish and temperature. Metacercaria in fish is the infective stage 

for the definitive hosts (mammals and human). 

Opisthorchis felineus has a complex life cycle, which includes two intermediate hosts (fresh-water 

snail and cyprinid fish) and the definitive host (fish-eating mammals and human). The adult fluke 

parasitizes the bile ducts of fish-eating mammals (cats, foxes, dogs, pigs, bears, beavers, humans, 

etc.) where it feeds on epithelial cells and produces eggs. Eggs are excreted from the hosts' body in 
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the feces. Eggs are unembryonated; only when they get into freshwater they have an opportunity to 

develop. After ingestion by the freshwater snails of the genus Bithynia, the egg releases miracidia, 

which undergoes grow, development and asexual reproduction and produces a sequence of 

developmental stages (sporocysts, rediae, cercariae). Cercariae pass out of snail's body into the 

surrounding water. Cercariae penetrate the skin and flesh of freshwater cyprinid fishes (second 

intermediate host). In the fish muscles or under the scales, the cercariae encyst and form the 

metacercariae. One fish can harbor up to 30,000 metacercariae. The definitive host (cats, dogs, 

humans) becomes infected by eating raw or undercooked fish with metacercariae. Maturation of 

adult fluke in the definitive host takes 3 to 4 weeks. 

Symptoms and pathology. Opisthorchiasis is asymptomatic in about 80% of infected people; 

though they can have mild eosinophilia. Unspecific symptoms of mild infection by O. felineus include 

indigestion, abdominal pain, diarrhea or constipation. The infection is considered heavy when there 

are 10,000–30,000 eggs are excreted per one gram of host's feces. Specific symptoms of chronic 

opisthorchiasis include accumulation of fluid in the legs (edema), or in the peritoneal cavity (ascites), 

enlarged liver (hepatomegaly), inflammation of the gall bladder and bile ducts. Development of liver 

cancer is the most severe complication of the opisthorchiasis. 

Target groups and routes of transmission. Opisthorchis felineus can infect every human who 

eats raw or undercooked cyprinid fish infected with metacercariae. Opisthorchiasis is a food-borne 

zoonotic disease. 

Diagnosis. Diagnosis of the opisthorchiasis is based on the finding of the parasite eggs in stool 

samples. Blood serological tests, ultrasonic investigation and contrast tomography of the abdomen 

and liver are also effective to diagnose opisthorchiasis. Additional symptoms (edema in the legs, 

ascites in the peritoneal cavity, hepatomegaly) also have to be considered. 

Prevention. To prevent infection with Opisthorchis, people have to avoid eating raw or 

undercooked cyprinid fish. Cooking of fish at 70°C for 3–5 minutes, or freezing at -18°C for 5–20 days 

or at -28°C for 24 hours effectively kills metacercaria and prevents infection of humans. 
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Paragonimus westermani 
 

General information. Paragonimus westermani is a coffee bean-shaped fluke also known as the 

"oriental lung fluke". The adult flukes parasitize the lungs and pleurae (less frequently, the central 

neural system) of humans and carnivores (domestic cats, dogs, pigs, etc.). More than 10 species of 

the genus Paragonimus (P. westermani, P. kellicotti, P. africanus, etc.) can infect humans and cause 

paragonimiasis, of which P. westermani is the most widespread. People usually become infected by 

eating raw or undercooking freshwater crustaceans (crabs, crayfish) infected with the metacercariae. 

Paragonimiasis is a zoonosis; wild and domestic carnivores (cats, dogs, leopards, foxes, wolves, etc.) 

are its natural reservoirs. 

Geographic distribution. Paragonimus spp. are distributed in different regions; paragonimiasis is 

common in East and South-East Asia, Russia, some African countries (Nigeria, Congo, Central African 

Republic, etc.), North and South America (Brazil, Columbia, Venezuela, etc.) because of local culinary 

habits. Prevalence in endemic areas is up to 23%. Approximately 22 million people throughout the 

world are infected with Paragonimus spp. 

Parasite morphology and life cycle. The definitive hosts of P. westermani are carnivores (cats, 

dogs, pigs, leopards, tigers, foxes, wolves, opossums, etc.) and humans. The first intermediate hosts 

are water snails. The second intermediate hosts are freshwater crustaceans (crabs, shrimps, 

crayfishes). The life cycle of P. westermani includes seven stages. 

• Adult worm of P. westermani is an ovoid reddish-brown fluke measuring of 7.5–12 mm in 

length and 4–6 mm in width, similar in size and appearance to a coffee bean. It has two 

suckers (oral and ventral), blind gut with two intestinal branches; they are hermaphroditic, 

with a lobed ovary located anterior to two branching testes. Paragonimus has a lifespan of 

up to 20 years in humans. 

• Eggs are large (80–120 µm × 45–70 µm), golden-brown in color, elongate or ovoid and often 

asymmetrical; egg has an operculum on the anterior part. Eggs are unembryonated when 

freshly laid. 

• Miracidium is an oval larva covered with cilia; it has a penetration gland on its anterior part. 

The miracidium penetrates tissues of its first intermediate host (snails) where it develops into 

a sporocyst. 

• Sporocyst is a sac-like organism that absorbs host nutrients through its skin and 

parthenogenetically produces redia. 

• Redia is a light-yellow elliptical organism, measuring about 460–850 µm × 170–360 µm. It 

has a mouth, well-developed pharynx and intestines. 

• Cercaria is an oval organism about 150–250 µm in length with a small tail; its mouth is 

surrounded by a muscular oral sucker, oral stylets, and penetration gland cells. Cercariae leave 

the first intermediate host (snail), infect freshwater crustaceans (the second intermediate 

host) and encyst. 

• Metacercaria is the encysted cercaria in tissues of crustacean intermediate host. It is whitish 

in color, round or oval, measuring 335–390 µm. Two suckers are located on the ventral side. 

Metacercaria is an infective stage of P. westermani. 

The life cycle of P. westermani is complex and includes one definitive and two intermediate hosts. 

Adult flukes parasitize the lung of crustacean-eating vertebrates (cats, dogs, wild animals, etc.) 
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including humans, where they feed and produce eggs. Unembryonated eggs are excreted in the 

sputum and/or feces of infected humans and other mammalian hosts. The eggs undergo 

development in freshwater. Eggs hatch and release the miracidia only in water. Miracidia swim freely 

and infect freshwater snails. In the snail host, the miracidium develops into the mother sporocyst, 

which produces parthenogenetically the first and second generations of rediae, which develop into 

cercariae. The development from miracidium to cercariae takes about 9–13 weeks. Cercariae leave a 

snail body, swim freely in freshwater to seek and infect freshwater crustaceans orally or 

percutaneously (through the skin). In the crustacean tissues, the cercariae develop into metacercariae 

and encyst. Predatory definitive hosts became infected consuming the infected crustaceans. In the 

intestine of the definitive host, P. westermani metacercariae excyst and migrate through the intestinal 

wall into the peritoneal cavity. Then the parasite migrates through the abdominal wall and the 

diaphragm to the lungs, where it develops into the adult fluke. Maturation of the fluke in the human 

takes about 2–3 months. Infections in humans may persist for up to 20 years. 

Symptoms and pathology. The acute phase of paragonimiasis is observed during the tissue 

migration of the parasite. The clinical signs are non-specific: cough, abdominal and chest pain, 

abdominal discomfort, diarrhea, low-grade fever. Bronchopneumonia and abscesses within the lung 

or pleura are typical complications. The chronic phase of paragonimiasis (in the lungs) includes the 

following symptoms: fever and inflammatory reaction, cough with red-colored sputum, 

bronchopneumonia and lung abscesses. Paragonimiasis may also be extra-pulmonary in the 

abdomen and may cause abdominal pain and diarrhea. Infection in the central neural system causes 

partial or total paralysis (with mortality up to 5%). Infection in the heart causes abscesses or 

encapsulated abscesses in the myocardium and may cause death. 

Target groups and routes of transmission. Consumers of traditional meals and medicines 

containing raw freshwater crustaceans (shrimps, crabs) infected with metacercariae are under the risk 

of infection with Paragonimus. Paragonimiasis is a food-borne zoonotic disease. 

Diagnosis. Diagnosis of paragonimiasis is based on finding the parasite eggs in sputum, pleural 

aspirate, and stool samples. Paragonimiasis can commonly be misdiagnosed as tuberculosis by 

examination of the chest X-rays. Serological tests, tissue biopsy, PCR are useful for diagnosis.  

Prevention. To prevent infection, people have to avoid any traditional meals and medicines 

containing raw or undercooked freshwater crustaceans, especially, in endemic areas. 
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Dicrocoelium dendriticum 
 

General information. Dicrocoelium dendriticum is a middle-sized elongated lancet-shaped fluke 

also known as the "lancet liver fluke". The adult flukes parasitize the bile ducts of ruminants and can 

occasionally infect humans. Dicrocoelium dendriticum is an obligate parasite that causes 

dicrocoeliasis. People usually become infected occasionally by eating infected ants on plants or by 

consuming undercooked liver from infected animals (sheep, goats, cattle). Dicrocoeliasis is a 

zoonosis; ruminants and insects (ants) are its natural reservoirs. 

Geographic distribution. Dicrocoeliasis is endemic or potentially endemic in 32 countries in 

Europe, northern Asia, America, and northern Africa. The parasite tends to be found in areas that 

favor the intermediate hosts (land snails) – fields with dry, chalky and alkaline soils. Dicrocoeliasis is 

a disease of grazing ruminants; human infections are generally rare and are not diagnosed properly. 

Therefore, the prevalence of dicrocoeliasis in the human population is not defined. 

Parasite morphology and life cycle. The definitive hosts of D. dendriticum are ruminants and 

humans. The first intermediate host is a land snail. The second intermediate host is the ant of the 

genus Formica. The life cycle of D. dendriticum includes six stages. 

• Adult fluke has an elongated lancet-shaped body measuring of 6–10 mm long and 1.5–2.5 

mm width; it has two suckers, two straight intestinal branches; testes are just behind the 

ventral sucker. 

• An egg is small (30–45 µm ×20–30 µm) dark brown, with a smooth surface, thick-shelled, 

and with a distinct operculum. 

• Miracidium is an oval elongated larva with cilia; it has a penetration gland on the anterior 

part. Embryonated egg shed in feces contains developed miracidium. 

• Sporocyst has two generations – mother and daughter sporocysts. The daughter sporocyst 

(second generation of sporocysts) is an elongated germinal sac of approximately 550–4,200 

µm ×150–500 µm that forms cercariae larvae. 

• Cercaria is an elongated organism about 300 µm in length with a long tail. It has two suckers 

and primordia of adult worm organs. Aggregated cercariae leave the snail host covered with 

a slime of the mollusk in so-called “slimeball”. 

• Metacercaria is an encysted cercaria in tissues of the second intermediate host – ant. It is 

an oval organism measuring 300–350 µm × 150–200 µm. Metacercariae are the infective 

stage to the definitive hosts. 

The adult trematodes parasitize bile ducts of ruminants (cattle, sheep, goats, deer, etc.) and humans, 

where they feed and produce eggs. Eggs are excreted from the definitive host’s body in the feces 

into the environment. The first intermediate hosts (land snail from the genera Helicella, Zebrina, etc.) 

consume eggs together with feces. Inside the snail’s intestine, the miracidium is released from the 

egg. It penetrates the intestinal wall and forms the mother sporocyst. The mother sporocyst 

reproduces parthenogenetically, creating numerous daughter sporocysts, which contain cercariae. 

The cercariae are expelled from the snail host in the slimeballs. The second intermediate host (ant of 

the genus Formica) ingests the slimeball with metacercariae of Dicrocoelium. Once ingested by the 

ant, most of the metacercaria encyst in its hemocoel, but two or three metacercariae move to the 

brain of the ant (they are called “brain worms”). Metacercaria alters the host's behavior: infected ant 

does not return to the anthill, instead, it climbs to the top of the grass, attaches there and does not 

move. This behavior increases the chance of the ant being eaten by the definitive host (ruminants) 
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grazing on pasture. In the definitive host’s intestine, the metacercaria migrates to the liver and bile 

ducts. Development of the adult worm from the metacercaria takes 6–7 weeks. 

Symptoms and pathology. A manifestation of dicrocoeliasis in humans depends on the level of 

infection; light and mild infection can be asymptomatic. Symptoms of mild infection include biliary 

colic, bloating, diarrhea. The chronic phase of dicrocoeliasis manifests as inflammation of the 

gallbladder (cholecystitis), gallstones in the biliary tract (cholelithiasis), enlarged liver (hepatomegaly), 

inflammation of the liver (cirrhosis), and liver abscesses. 

Target groups and routes of transmission. There is no specific target group – D. dendriticum 

can infect any human who occasionally ingests ants with metacercariae with plants (grass or salad). 

Consuming of undercooked liver from infected animals (sheep, goats, and caws) can cause false 

human infection (parasite eggs that are passed in the feces after consumption of infected animal 

liver and are detected in fecal samples). Dicrocoeliasis is a food-borne zoonotic disease. 

Diagnosis. Diagnosis of dicrocoeliasis is based on finding the parasite eggs in stool samples. Often, 

the diagnosis of dicrocoeliasis is spurious and based on finding parasite eggs that are passed in the 

feces after consumption of infected animal liver (false infection). Blood serological tests, ultrasonic 

investigation and contrast tomography of the abdomen are also effective to diagnose dicrocoeliasis. 

Prevention. To prevent human infection with D. dendriticum, people have to avoid consuming any 

food and water that might be contaminated with infected ants, and must not consume livers from 

potentially infected animals. Regular anthelmintic treatments of grazing ruminants (cattle and sheep) 

can prevent transmission of D. dendriticum and effectively prevent human infection even in endemic 

areas. 
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Schistosoma spp. 
 

General information. Trematodes from the genus Schistosoma are elongate heterogeneous (= 

with separate sexes) flukes and known as "blood flukes". The adult flukes parasitize the veins and 

vessels in various locations in the human body; various domestic and wild animals also can serve as 

the definitive hosts of Schistosoma spp. Seven species of Schistosoma flukes cause schistosomiasis 

(“snail fever”) in humans. People usually become infected by the percutaneous transmission of the 

parasite larvae (metacercaria). Schistosomiasis is a zoonosis; various domestic and wild animals 

(water buffalo, cows, dogs, cats, rodents, horses, goats, etc.) are its natural reservoirs. In some 

endemic areas in Africa and Asia, schistosomiasis is also an anthroponosis with no wildlife reservoirs. 

Geographic distribution. Schistosomiasis is prevalent in tropical and subtropical areas in Africa, 

Asia, South America, and the Caribbean, especially in poor communities without access to safe 

drinking water and with inadequate sanitation. After malaria, schistosomiasis is considered as the 

second-most socio-economically devastating parasitic disease in the world. More than 207 million 

people are infected worldwide (700 million are in risk groups). Globally, 200,000 deaths are attributed 

to schistosomiasis annually. There are three main species infecting humans: S. mansoni (Africa, South 

America, Caribbean, Middle East), S. haematobium (Africa, Middle East), and S. japonicum (East Asia, 

China, Philippines). It is estimated that at least 91.4% of people those requiring treatment for 

schistosomiasis live in Africa. 

Parasite morphology and life cycle. The definitive hosts of medically important Schistosoma 

species are humans; animals (dogs, cats, rodents, pigs, horses, goats, etc.) are natural reservoirs. The 

intermediate hosts are water snails from the genera Biomphalaria, Bulinus, and Oncomelania. The life 

cycle of Schistosoma includes six stages. 

• Adult worms of Schistosoma are heterogeneous, that means that there are males and 

females. Both sexes differ morphologically. The adult male is white worm with a roundish 

robust body (6–12 mm long and 1 mm thick); it possesses spiny tubercles on its dorsal surface. 

Males have 2 muscular suckers (small oral and large ventral). Immediately behind the ventral 

sucker is a long gynecophoric canal for the residing female. The adult female is dark, slender, 

cylindrical worm (7–17 mm long and 0.25 mm thick) with the cuticular tubercles confined to 

its two ends. 

• Eggs are large (114–180 µm × 45–70 µm), non-operculated, with prominent spines: 

S. mansoni egg has a prominent lateral spine near the posterior end; S. japonicum egg has a 

very small lateral spine; S. haematobium egg has a conspicuous terminal spine. The eggs 

contain developed miracidium. 

• Miracidium is an oval larva with cilia. The miracidium swims in water and penetrates the first 

intermediate host (snail); in the snail's tissues, it forms a sporocyst. 

• Sporocyst is a sac-like organism that reproduces parthenogenetically and produces 

cercariae. 

• Cercaria has an oval body and a long bifurcated tail; it is 300–500 µm in length, has two 

suckers, the head gland, and the caecum. Cercaria in the infective stage. After penetration of 

the definitive hosts' skin, the cercaria loses its tail and develops into schistosomula. 

• Schistosomula is the cercaria without a long bifurcated tail that infects the definitive host 

(human, animals). 
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The life cycle of Schistosoma spp. is complex and includes one definite host and one intermediate 

host (snail). Paired adults parasitize venous plexus of mesenteric veins (S. mansoni and S. japonicum) 

or veins of the urinary bladder (S. haematobium). In these locations, the female lays eggs (~300 eggs 

per day). Eggs of Schistosoma penetrate the vessel walls by secreting a proteolytic substance 

released by the egg. The spine on the egg assists by directing the movement of the eggs in the 

proper direction for the exit of the egg out of the human body. The eggs of S. haematobium pass 

into the lumen of the urinary bladder together with some extravasated blood. Eggs are excreted in 

the urine, more during midday, particularly towards the end of maturation. The eggs of S. mansoni 

and S. japonicum pass from the mesenteric venules into the ectopic sites such as the rectum. Eggs 

are eliminated with feces (S. mansoni, S. japonicum) or urine (S. haematobium). If eggs are eliminated 

into freshwater, they hatch and release miracidia, which swim and penetrate specific snail 

(intermediate host). Inside the snail, miracidia feed, grow and develop to the sporocysts. Sporocysts 

reproduce parthenogenetically and form cercariae with a characteristic long forked tail. The cercariae 

leave the snail and enter the water, where they can survive about 48 hours and must find the 

definitive host (human or animals) to infect it by penetration through the skin. Cercariae lose their 

tails during penetration through the skin and turn to schistosomulae. The schistosomulae are carried 

via the blood circulation system and migrate to portal blood in the liver and to mesenteric or bladder 

veins where they maturate into adults parasites.  

Symptoms and pathology. Most people have no symptoms when they are first infected. However, 

within days after becoming infected, they may develop cercarial dermatitis, or "swimmer’s itch" – a 

rash or itchy skin (with red bumps or blisters), which results from cercariae penetrating the skin. It 

usually clears up within a week. A similar reaction can also be caused by cercariae of the bird 

trematodes. The acute schistosomiasis includes cercarial dermatitis, Katayama fever (fever, lethargy, 

lack of energy due to an allergic reaction), liver enlargement (hepatomegaly), spleen enlargement 

(splenomegaly), and bronchospasm. Acute schistosomiasis is a systemic condition, which occurs 

during the migrating schistosomulae as they pass through the bloodstream through the lungs to the 

liver. In this stage, mortality in humans can reach as high as 25%. The chronic schistosomiasis (after 

years of infection) includes inflammation in the liver, spleen, lungs, and bladder. Genitourinary 

schistosomiasis (caused by S. haematobium) manifests as abdominal pain, blood in the urine, 

problems of passing urine, obstruction of the genitourinary organs and is associated with the risk of 

developing urinary bladder cancer. Gastrointestinal schistosomiasis (S. mansoni and S. japonicum) 

manifests as abdominal pain, blood in the stool, diarrhea, narrowing of the colon or rectum, liver 

fibrosis (encapsulated eggs), damage the liver, intestine, spleen, lungs, and bladder. Central nervous 

system schistosomiasis causes seizures, paralysis, and spinal cord inflammation.  

Target groups and routes of transmission. Inhabitants of places with poor sanitation in endemic 

countries and travelers to countries endemic for schistosomiasis are under high risk of infection. 

Schistosoma spp. can infect swimmers in water reservoirs (rivers, lakes) with poor sanitation in 

endemic countries. The main route of Schistosoma spp. transmission is percutaneous (via skin). 

Schistosomiasis is considered as water-borne anthroponotic or anthropozoonotic disease. 

Diagnosis. Diagnosis of schistosomiasis is based on microscopic identification of the parasite eggs 

in stool or urine samples or on the finding of adult flukes or eggs in tissue biopsies. Serological tests 

and molecular diagnosis (PCR of stool samples) are also effective for the diagnosis of schistosomiasis. 

Prevention. To prevent human infection with Schistosoma spp. people have to avoid drinking or 

coming into contact with contaminated water in areas where schistosomiasis is common. 

Epidemiological approaches, which include massive treatment of infected people, snail control with 

chemical molluscicides (= anti-mollusk agents) effectively reduce the risk of human infection. 
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Tapeworms, or Cestodes 

Tapeworms are flatworms within the class Cestoda. Adult tapeworms are dorso-ventrally flattened 

ribbon-like multi-segmented helminths. The body of adult tapeworms consists of three parts:  

• Scolex (so-called “head”) is the organ of attachment to the intestinal mucosa of the definitive 

host; the scolex possesses attachment organs – suckers, hooks, etc.  

• Neck is the part immediately behind the scolex where new proglottids are formed.  

• Strobila (or "body") is elongated and segmented part of tapeworm consisting of many 

similar segments called proglottids. The strobila consists of immature followed by mature 

and gravid proglottids. 

Human tapeworms are from 40 mm to up to 20 m long. Tapeworms have no digestive and respiratory 

systems. They absorb food from the host's intestine through the body surface (tegument); thereby 

the adult tapeworms mostly live in a habitat that is associated with high nutritional levels (intestine). 

Tapeworm's body surface (= tegument) serves not only as a protective coating but also as a 

metabolically active layer, through which nutritive materials are absorbed. Tapeworms are 

hermaphrodites; every proglottid of adult tapeworm has male and female reproductive systems. The 

gravid proglottid is completely filled by the uterus filled with eggs.  

Life cycles of tapeworms are complex – with one or more intermediate hosts (invertebrates and 

vertebrates) and definite hosts (only vertebrates). The life cycle of tapeworms includes several 

developing stages: adult worm, egg, and a number of larval stages. The definitive host is only a 

vertebrate (including human) where cestodes live in different parts of the digestive system. The 

intermediate hosts are other animals (invertebrates, vertebrates, and humans). Larval stages (e.g. 

cysticercus, hydatid cyst, plerocercoid) of tapeworms parasitize almost any tissue and organs of the 

intermediate hosts (extra-intestinal infection), including skin, liver, muscles, the central nervous 

system, or any other organs. Generally, extra-intestinal infections with the larval forms are much more 

pathogenic than infection with adult tapeworms. Most diseases caused by tapeworms are zoonoses; 

wild and domestic animals are their natural reservoirs. The primary route of transmission of tapeworm 

infections to humans is by consumption of infected foods; fecal-oral route of transmission is also 

possible. 
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Taenia saginata 
 

General information. Several tapeworm species from the genus Taenia parasitize small intestine 

of wild and domestic carnivores and omnivores including humans and causes taeniases in human as 

the adult stage. Taenia saginata (= Taeniarhynchus saginatus) is also known as the "beef tapeworm", 

or "unarmed tapeworm". Human is the only known definitive host of T. saginata; people usually 

become infected by eating raw or undercooked beef, which contains the infective larvae (cysticerci). 

Taenia saginata causes cysticercosis in cattle as the intermediate host. Taeniasis is considered as a 

zoonosis. 

Geographic distribution. Taeniases are the most common tapeworm infection of humans in the 

world. Tapeworms from the genus Taenia are distributed worldwide. The beef tapeworm T. saginata 

is found on all five continents; it is the most prevalent in areas where cattle are raised and beef is 

consumed. Total global infection is estimated to be between 40 and 60 million people. Taeniases are 

relatively common in Africa, some parts of Eastern Europe, Southeast Asia, and Latin America. Taenia 

saginata is the most prevalent in Sub-Saharan Africa and the Middle East where people consume raw 

or insufficiently cooked beef. 

Parasite morphology and life cycle. The life cycle of T. saginata includes four stages. 

• An adult tapeworm has a very large ribbon-like multi-segmented body up to 25 m, but 

usually, it is about 5 m (up to 1,000–2,000 proglottids). It parasitizes the small intestine of 

humans. Scolex with four suckers and does not possess hooks. The gravid proglottid is about 

20 mm long and 5 mm broad, with 15–30 (>13) lateral uterine branches.  

• Eggs are small walnut-brown in color, round, measuring 30–45µm in diameter. Eggs have a 

thick striated outer shell and contain larvae (oncospheres). 

• Oncosphere is round or spherical larva with six hooks. Oncosphere hatches from the egg in 

the small intestine of the intermediate hosts (cows), then invades the intestinal wall and 

migrates to the muscles or other tissues, where it develops into the cysticercus. 

• Cysticercus (Cysticercus bovis or "bladder worm") is another larval stage that parasitizes 

the muscle tissues of the intermediate host (cow). Cysticercus is about 5–10 mm in diameter 

and can be seen grossly as ovoid milky white opalescent vesicle filled with fluid in the infected 

beef. A cysticercus has a single invaginated scolex.  

Taenia saginata has a complex life cycle, which includes one intermediate host (cattle) and one 

definitive host (human). Cysticerci of T. saginata are the infective stages for the definitive host. The 

adult tapeworms parasitize the small intestine where they feed, grow and produce eggs (about 

100,000 eggs per day). The gravid segments (proglottids) break away from the strobila and are 

expelled singly from the definitive host’s intestine with feces. The gravid proglottids can be seen 

moving actively in feces. Cattle become infected by ingesting vegetation contaminated with 

T. saginata proglottids or eggs. In the intestine of cattle, the oncospheres hatch from the eggs, invade 

the intestinal wall and migrate to the muscles, where they develop into cysticerci. A cysticercus can 

survive for several years in the muscles of the intermediate host. Humans become infected by 

ingesting raw or undercooked meat infected with cysticerci. In the intestine of human, the cysticercus 

evaginates its scolex, passes into the small intestine where it attaches to the intestinal mucosa and 

develops into the adult tapeworm. In humans, the development of T. saginata takes about 2 months. 
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Symptoms and pathology. A light infection of T. saginata in humans is usually asymptomatic. 

Heavy infection with several tapeworms causes abdominal discomfort, pain, nausea, diarrhea, 

constipation, chronic indigestion, headaches (due to toxins excreted by the tapeworm) and weight 

loss (due to loss of appetite). Development of allergic reactions often follows secondary infections 

with T. saginata. The chronic infection phase usually lasts for several years and causes pancreatitis 

and cholecystitis. The most visible symptom of taeniasis is the active passing of proglottids through 

the anus and presence of white proglottids in feces. 

Target groups and routes of transmission. The target group for infection with T. saginata 

includes consumers of raw or undercooked beef contaminated with cysticerci. Taeniasis is considered 

as a food-borne zoonotic disease. 

Diagnosis. Diagnosis of taeniasis is based on finding the parasite eggs and gravid proglottids in 

stool samples (approximately 3 months after infection). Microscopic examination of stool samples to 

detect characteristic eggs or gravid proglottids of Taenia in feces is the widespread diagnostic 

method. Eggs can also be detected around the perianal region by cellophane swab technique. Eggs 

of all Taenia species are similar in morphology; thus, species identification cannot be done by 

examination of the eggs. Gravid proglottids of T. saginata are large (20 mm ×5 mm); each proglottid 

has 15–30 (>13) lateral uterine branches. Blood serological tests and molecular diagnosis (PCR on 

fecal samples) are also effective to diagnose taeniasis. 

Prevention. To prevent infection with T. saginata, people have to avoid eating raw or undercooked 

beef, especially in endemic areas. Cooking of meat at safe temperatures (higher than 65˚C) until it 

became gray in color (not pink) effectively kills the cysticerci. Do not consume or sample raw meat 

until it is cooked. 
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Taenia solium 
 

General information. Taenia solium is a large ribbon-like multi-segmented tapeworm also known 

as the "pork tapeworm", or "armed tapeworm". It causes two different types of diseases in human: 

taeniasis (infection with the adult tapeworms parasitize small intestine) and cysticercosis (infection 

with the larval stages in muscles or brain). Human is the only known definitive host of T. solium. The 

intermediate hosts of T. solium are pigs; however, humans can also serve as the intermediate host. 

Human infection is primarily caused by consumption of raw or uncooked pork. Both human taeniasis 

and cysticercosis are considered zoonotic diseases.  

Geographic distribution. Taenia solium is distributed all over the world, especially in countries 

where people traditionally consume pork; it is uncommon in Israel and Muslim communities where 

pork is forbidden for religious reasons. Taeniasis and cysticercosis are more prevalent in poor 

communities where humans live in close contact with pigs. Taenia solium infects over 50 million 

people worldwide, but reliable epidemiological data on its prevalence in people are still scarce.  

Parasite morphology and life cycle. The life cycle of T. solium includes four stages. 

• An adult tapeworm can grow up to 7 m, but usually it is about 2–3 m. The scolex is about 

1 mm in diameter; it has 4 suckers and a centrally located rostellum with two rows of hooks. 

The neck is short. Gravid proglottids are 12 mm long and 6 mm wide; each proglottid with 7–

13 lateral branches on each side of the central uterine stem. Adult T. solium parasitizes small 

intestine of humans.  

• Eggs are similar to other species of the genus Taenia; they are small, walnut brown in color, 

round, measuring 30–45 µm in diameter. The egg has a thick striated outer shell and contains 

the larva (oncosphere). 

• Oncosphere is a round or spherical larva with six hooks. Oncosphere hatches from the egg 

in the small intestine of the intermediate host, invades the intestinal wall and migrates to the 

muscles and other organs, where it develops into the cysticercus. 

• Cysticercus (= Cysticercus cellulosae) is a larval stage (cyst), that looks like an ovoid milky 

white opalescent vesicle 5–10 mm in diameter filled with fluid; it is morphologically similar to 

Cysticercus bovis.  

Taenia solium has a complex life cycle, which includes one intermediate host (pigs or humans) and 

one definitive host (humans). Eggs and cysticerci of T. solium are both infective stages to humans. 

The adult worms parasitize the small intestine where they feed, grow and produce eggs (~50,000 per 

day). The gravid segments (proglottids) break away. They are expelled in groups of 3–5 segments, 

which pass out through the host’s anus in the feces. Pigs (or, rarely, humans) become infected by 

ingesting eggs or gravid proglottids in contaminated food. In addition, human infection with eggs is 

possible if the gravid proglottids and/or eggs enter the stomach due to reverse peristalsis caused by 

the mature parasites. In the pig's (or human's) intestine, the oncospheres hatch from the eggs, 

penetrate the intestinal wall and migrate to the striated muscles (or to brain, eyes, liver, lungs, heart), 

where they develop into the cysticerci. Cysticerci can survive for long periods (several years) in the 

muscles of the intermediate host (pig). The parasite life cycle is completed, when the definitive host 

(human) ingests raw or undercooked pork containing cysticerci. In the human's intestine, the cyst 

evaginates and attaches to the small intestine by its scolex. Adult tapeworms develop and produce 

new gravid proglottids with eggs. In humans, the development of T. solium takes about 2 months.  
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Symptoms and pathology. The first symptoms of taeniasis appear approximately 8 weeks after 

human infection with parasite eggs. The symptoms include slight abdominal pain, nausea, diarrhea 

or constipation, indigestion, weight loss, and weakness; toxic products excreted by the worm may 

result in anorexia, headache, convulsions, and nervous disorders. The most visible symptom of 

taeniasis is the presence of proglottids in the feces. Tapeworms may migrate to the appendix causing 

appendicitis. Infection with the larval stages of T. solium (cysticercosis) usually results in serious 

complications. The clinical symptoms depend on the site affected – cysticercosis in the brain 

(neurocysticercosis) causes neural symptoms: seizures (more common), headaches (common), 

confusion, and difficulty with balance, dementia, brain swelling, and stroke that can lead to death. 

Cysts in the eyes commonly cause blindness. 

Target groups and routes of transmission. The target group for taeniasis and cysticercosis 

includes consumers of raw or undercooked pork contaminated with cysticerci or eggs of the parasite. 

These infections are commonly recorded in poor rural communities where humans live in close 

contact with pigs, mostly with poor personal and community hygiene. Taeniasis and cysticercosis are 

considered as food-borne zoonotic diseases. 

Diagnosis. Diagnosis of taeniasis is based on finding the parasite eggs and gravid proglottids in 

stool samples (coprology tests). Eggs of Taenia spp. are similar in morphology; thus, species 

identification cannot be done by examination of the eggs. Gravid proglottids of T. solium are 12 mm 

×5 mm in size; each proglottid with 7–13 lateral branches on each side of the central uterine stem. 

Blood tests (antibody detection) and molecular diagnosis (PCR on feces sample) are also effective to 

diagnose the taeniasis. Diagnosis of human cysticercosis is usually based on results of serodiagnosis, 

biopsy, and contrast tomography imaging (calcified cysticerci can be detected in subcutaneous tissue 

and muscles); X-ray of the skull may demonstrate calcified cyst in the brain; magnetic resonance 

imaging scan of the brain is more helpful in detection of non-calcified cysts and ventricular cysts. 

Prevention. To prevent infection with T. solium, people have to avoid eating raw or undercooked 

pork. The cooking of meat at a safe temperature (higher than 65˚C) effectively kills the cysticerci. 

Anthelmintic treatment of pigs and good personal and community hygiene are necessary to prevent 

human infection, especially in endemic areas. 
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Hymenolepis nana 
 

General information. Hymenolepis nana (= Rodentolepis nana) is small ribbon-like multi-

segmented tapeworm also known as the "dwarf tapeworm". The adult tapeworms parasitize the 

human or rodent's small intestine (ileum); it causes hymenolepiasis, mostly in children. Hymenolepis 

nana is the only known human tapeworm that requires a single host (definitive host) since an 

intermediate host (insects) is not necessary to complete its life cycle. Infection can occur directly from 

one infected person to another by the fecal-oral transmission. Hymenolepiasis is considered as an 

anthropozoonosis; rodents (mice, rats, voles, etc.) are its natural reservoirs. 

Geographic distribution. Hymenolepis nana is a cosmopolitan parasite; it can be found wherever 

humans and rodents live together. Hymenolepiasis is common in Europe, Asia, the continental United 

States, Hawaii, and Latin America as well as on many Pacific islands. Infection is common in children 

of 1–10 years old mostly in dry warm regions of the world. It is estimated to have 50–75 million 

carriers of H. nana with the prevalence of 5% to 25% worldwide (up to 50% children between 1–4 

years of age are infected in endemic areas). 

Parasite morphology and life cycle. The life cycle of H. nana includes four stages. 

 An adult tapeworm is the smallest intestinal cestode that infects human; the adult worm is 

up to 4.5 cm in length and less than 1 mm width. The scolex has 4 suckers and a retractile 

rostellum with a single row of hooks. Proglottids are much broader than long, craspedote in 

shape ("overlap" each other).  

 Eggs are small, colorless, oval, measuring 30–40 µm diameters. The egg has a two-membrane 

shell with prominent polar knobs, each with 4–8 thread-like filaments. Egg contains a fully 

developed larva (oncosphere).  

 Oncosphere is a round or spherical larva with six hooks. It hatches from the egg, penetrates 

the wall of the host's intestine (into the intestinal villus) where it changes to the cysticercoid. 

 Cysticercoid is the larva that has a swollen anterior region with the invaginated scolex and 

tail-like appendage with hooks on the posterior region of the body (1.5 mm × 0.3 mm). 

Cysticercoid develops in villus of the human's small intestine. 

As a rule, Hymenolepis nana has a simple life cycle, which includes just the definitive host (humans 

or rodents). The intermediate host (some species of beetles and fleas) is non-obligatory to complete 

the life cycle. The adult tapeworms parasitize the small intestine (ileum) where they feed and produce 

eggs. Eggs are released in the host's intestine following degeneration of the gravid segments and 

are passed out in feces. Eggs of H. nana are infective to humans; they cannot survive more 10 days 

in the external environment. Humans (mostly children) most commonly acquire infection directly by 

ingesting embryonated eggs with contaminated food, water, or via contaminated hands. When a 

human ingests eggs, the oncospheres are released from the eggs, penetrate the intestinal villi where 

they develop into cysticercoid larvae. Then the cysticercoid brakes out of the villus, returns to the 

intestinal lumen, evaginates its scolex and attaches to the ileum region of the small intestine where 

it develops into an adult tapeworm. Maturation of H. nana is fast and takes approximately 10 days. 

The life span of H. nana in human is 4 to 6 weeks. Autoinfection can persist for several years.  

Symptoms and pathology. Light infections with H. nana are usually asymptomatic. In heavy 

infections, the symptoms include nausea, weakness, loss of appetite, anorexia, abdominal pain, 

diarrhea, and irritability. In young children, typical symptoms include headache, itches around the 
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anal region, difficulty sleeping; therefore, in children, hymenolepiasis can be misdiagnosed as a 

pinworm infection (see below). Eosinophilia up to 10–15% may occur due to invasion of intestinal 

villi by cysticercoids in about 7% of infected cases. Anal pruritus may be due to an allergic response, 

to the presence of tapeworms. Heavy worm burdens may be caused by permanent autoinfection, 

which can be a problem in small children and patients with a compromised immune system (with 

HIV, organ transplants, etc.). 

Target groups and routes of transmission. The target group for the hymenolepiasis includes 

small children (up to 10 years old) that can become infected consuming food, water or by ingesting 

soil contaminated with feces of rodents with tapeworm eggs (or occasionally by ingesting of fleas 

infected with H. nana cysticercoids). People who work with rodents (workers in a zoo, research 

laboratories or animal quarters, etc.) are also in the target group for infection. Hymenolepiasis is 

considered as a food-borne anthropozoonotic and zoonotic disease. 

Diagnosis. Diagnosis of hymenolepiasis is based on recovery and identification of characteristic 

eggs in fecal samples. Rarely, detection of craspedote ("overlapped") proglottids or adult tapeworms 

in stool samples is also possible. Blood tests reveal eosinophilia and/or anemia. 

Prevention. To prevent infection with H. nana, people must practice proper personal hygiene and 

good food and water sanitation: washing hands with soap, washing fruits and vegetables with clean 

water. The teaching children of proper personal hygiene can effectively prevent their infection. 

Destruction of rats and mice to prevent contamination of the environment by their feces with parasite 

eggs and larvae, and treatment of infected persons are necessary to prevent spreading of 

hymenolepiasis.  
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Diphyllobothrium latum 
 

General information. Diphyllobothrium latum is a large ribbon-like multi-segmented tapeworm 

also known as the "broad tapeworm", or the "fish tapeworm", which causes diphyllobothriasis in 

human. The adult tapeworms parasitize the small intestine of fish-eating mammals (bears, dogs, cats, 

etc.), including humans. People usually become infected by eating raw or undercooked fish infected 

by the plerocercoid larvae. Diphyllobothriasis is considered as zoonosis and anthropozoonosis; fish 

and fish-eating mammals (cats, bears, dogs, etc.) are its natural reservoirs. 

Geographic distribution. Diphyllobothrium latum is globally distributed and found in every 

continent except Antarctica. This tapeworm is more prevalent in cold climate regions, but it is 

documented in various areas where raw fish is eaten: Europe (mostly Scandinavia, Russia, and the 

Baltic countries), North and South America, Asia, Africa, and Australia. Up to 20 million humans are 

estimated to be infected worldwide. The prevalence of diphyllobothriasis varies depends on locality 

(ex.: in Finland is about 25%, in Japan – up to 70%). With the increasing popularity of raw fish (sushi 

and sashimi), diphyllobothriasis becomes more and more common. 

Parasite morphology and life cycle. The life cycle of D. latum is complex and includes five stages. 

 Adult tapeworm has a very long ribbon-like white multi-segmented body up to 10 m or 

more in length; it parasitizes the small intestine of fish-eating mammals and humans. The 

scolex is spoon-shaped measuring 2–3 mm × 1 mm; it possesses two slit-like longitudinal 

sucking grooves (bothria). Strobila consists of 3,000–4,000 proglottids; proglottids are wider 

than long (2–3 mm long and 12–20 mm wide). Each proglottid possesses visible centrally 

located rosette-shaped uterus and associated uterine pore, through which the eggs are 

released. Adult tapeworms produce up to 1,000,000 eggs per day. 

 Eggs are light brown, broadly ovoid and measuring about 65–70 µm × 40–50 µm. The shell 

of eggs is thick and has a distinct operculum and a small knob on the opposite side.  

 Coracidium is a spherical, ciliated first-stage larva with six terminal hooks. It develops from 

the egg, swims in water and infects the first intermediate hosts (freshwater crustaceans from 

the class Copepoda, like Cyclops) where it develops into the procercoid.  

 Procercoid is a second-stage larva, which is developed in crustacean hosts; it is 300 µm long, 

spindle-like, solid and has cephalic invagination on the anterior part of the body and a 

cercomer with embryonic hooks on its posterior part.  

 Plerocercoid is a third-stage larva, which develops in the second intermediate host (fish). 

Plerocercoid has a small ribbon-like body of 5–50 mm in length with an undivided scolex (the 

head is invaginated in the neck). Plerocercoid is the infective stage for humans and other 

definitive hosts. 

Diphyllobothrium latum has a complex life cycle, which includes two intermediate hosts (fresh-water 

crustaceans from the class Copepoda and fishes) and the definitive host (fish-eating mammals – 

dogs, cats, bears, foxes, seals, humans, etc.). Paratenic hosts (large carnivore fishes) can be included 

in its life cycle. Adult tapeworms parasitize the small intestine of fish-eating mammals and human 

where they feed, develop and produce eggs. Unembryonated eggs are excreted in the feces of the 

definitive host. Eggs hatch only in freshwater and release a ciliated free-swimming coracidium that 

can live in freshwater only for 1–2 days. After the coracidium is ingested by suitable species of fresh-

water crustacean (the first intermediate host), it loses its cilia and penetrates the intestinal wall of the 

crustacean where it develops to an elongated procercoid larva. Transformation into the fully infective 
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procercoid takes several weeks to be completed. When infected copepods are ingested by a suitable 

species of fresh-water or anadromous fish (the second intermediate host), the procercoid migrates 

through the fish intestinal wall and turns into a plerocercoid larva in the musculature or viscera of 

the fish. The definitive host (fish-eating mammals or human) become infected by eating the fish with 

plerocercoids. Very often, additional paratenic hosts (carnivore fishes) are included into the life cycle 

of D. latum; plerocercoids do not develop in the paratenic hosts, but they are accumulated in this 

host increasing its infectivity. In the intestine of the definitive host, plerocercoid larva attaches to the 

host's intestinal wall and grows to maturity in 3–5 weeks. Eggs are first released in the feces 

approximately one month after the definitive host is infected. 

Symptoms and pathology. Diphyllobothriasis in human is often asymptomatic and can persist for 

years. Humans demonstrate the same poorly defined symptoms typical for other tapeworms: vague 

abdominal discomfort, diarrhea, nausea, vomiting (less commonly), and weakness. The most serious 

symptom of diphyllobothriasis is vitamin B12 deficiency anemia. This is due to selective absorption 

of the vitamin B12 by the parasite, which is the most specific symptom of human infection with 

D. latum. Complications of diphyllobothriasis include an intestinal obstruction and gall bladder 

disease caused by migration of proglottids. 

Target groups and routes of transmission. The target group for infection with D. latum includes 

consumers of raw or undercooked fish, especially in endemic areas. The popularity of eastern cuisine 

with raw fish (sushi and sashimi) makes diphyllobothriasis more and more widespread even in non-

endemic areas. Diphyllobothriasis is considered as a food-borne zoonotic and an anthropozoonotic 

disease. 

Diagnosis. Diagnosis of human diphyllobothriasis is based on microscopic examination of fecal 

samples and finding of operculated eggs and gravid proglottids in feces. The specific rosette-shaped 

uterus in the center of a gravid proglottid is the specific feature of D. latum. Specific symptom as the 

vitamin B12 deficiency anemia also has to be included in the diagnosis. Molecular diagnosis (PCR on 

clinical specimens) is also effective to diagnose diphyllobothriasis. 

Prevention. To prevent infection with D. latum, people have to avoid eating raw or undercooked 

fish and fish products (sushi, sashimi, fresh caviar). Cooking or deep-freezing of fish (at temperature 

–20°C for 48 h) are effective to kill plerocercoids. Proper personal hygiene, periodical deworming of 

pet dogs and cats can effectively prevent human infection with Diphyllobothrium. 
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Echinococcus granulosus 
 

General information. Echinococcus granulosus is a small tapeworm also known as the "dog 

tapeworm," or the "hydatid worm", which causes cystic echinococcosis (or cystic hydatidosis) in 

humans. The adult tapeworms parasitize the small intestine of canids (dogs, wolves, foxes, etc.). 

Humans are infected with larval stages. People usually become infected by ingesting the parasite 

eggs that contain the infective larva (oncosphere). Cystic echinococcosis is considered as a zoonosis; 

domestic and wild canids (dogs, wolves, foxes, jackals, etc.) and herbivores (sheep, goats, camels, and 

pigs) are its natural reservoirs. 

Geographic distribution. Echinococcus granulosus (and cystic echinococcosis) is globally 

distributed and found in every continent except Antarctica. The highest prevalence is found in rural 

areas with developed sheep farming. Prevalence in endemic areas (Argentina, Peru, East Africa, 

Central Asia, and China) is up to 5–10% of the human population. There are several strains of 

E. granulosus distributed in the world: strains from sheep, camels (the most dangerous for human), 

from pigs, goats, moose, and reindeer. Wild animals (canids) serve as their natural reservoirs. 

Parasite morphology and life cycle. The life cycle of E. granulosus includes four stages. 

 An adult tapeworm is a very small (3–6 mm long) worm with a scolex with 4 suckers; 

rostellum bearing two circular rows hooks; strobila is composed of only three proglottids. 

Adult E. granulosus parasitizes small intestine of canids (dogs, wolves, etc.); the lifespan of 

the worm in canids is 6–30 months.  

 Eggs are ovoid and brown in color, measuring 30–45 µm diameters. Eggs are similar to eggs 

of tapeworms of the genus Taenia (see above); the egg has a thick striated outer shell and 

contains larva (oncosphere). 

 Oncosphere is a round or spherical larva with six hooks. Oncosphere hatches from the egg 

in the intestine of the intermediate host, penetrates the intestinal wall and migrates into 

various organs (usually liver or lungs) where it transforms into a hydatid cyst.  

 Hydatid cyst is a bladder-like unilocular (= one-chamber) larval stage filled with fluid; it 

slowly grows in various organs of the intermediate host by concentric enlargement within the 

host organ parenchyma up to 30 cm in diameter or more. The growing cyst evokes a host 

tissue reaction leading to the formation of a fibrous capsule around it. The wall of 

E. granulosus hydatid cyst consists of 3 layers: pericyst – fibrous capsule with blood vessels 

produced by the host organism; ectocyst – a cellular laminated hyaline layer; endocyst – 

germinal layer. The germinal layer of the cyst produces brood capsules (daughter cysts), 

which develop thousands of microscopic protoscoleces (= larval scolices). Inside mature 

hydatid cysts, further generations of the cyst (daughter cysts and granddaughter cysts) may 

develop. The cyst contains so-called "hydatid sand” consisting of protoscoleces and their 

hooks. The cyst takes many years to grow into a large cyst, causing clinical illness. Release of 

antigenic fluid from the hydatid cyst may cause anaphylaxis.  

Echinococcus granulosus has a complex life cycle, which includes one intermediate host (sheep, 

goats, pigs, cattle, horses, humans, etc.) and one definitive host (dogs, wolves, jackals, etc.). Eggs of 

E. granulosus are infective to humans. Adult worms parasitize the small intestine of canids, where 

they feed, grow and produce eggs. The gravid proglottid breaks away; then, they expelled singly with 

feces. After ingestion by the intermediate host, the egg hatches in the small intestine and releases 

the oncosphere. Oncosphere penetrates the intestinal wall and migrates via the bloodstream into 
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various organs (mostly – into the liver, lungs, and spleen; rarely – to brain, eyes, kidneys, or vertebra) 

where it develops to the hydatid cyst. The definitive host becomes infected by ingesting cyst-

containing organs of the intermediate hosts. In the definitive host, the hydatid cyst releases the 

protoscoleces, which attach to the intestine wall and develop into adult tapeworms in 32 to 80 days. 

Human is considered as the "dead-end" in the E. granulosus life cycle. 

Symptoms and pathology. Hydatid cyst infection in human is often asymptomatic for several 

years. Clinical symptoms manifest when large hydatid cyst causes obstruction or leading to 

compression of tissues and organs. Hydatid disease in humans is potentially fatal depending on the 

size, number, and location of the cysts. The organ most commonly affected are liver (65% cases), 

lungs (25%) and the other organs like kidneys, brain, spleen, orbit, and bones (10%). Hepatic cysts 

result in hepatomegaly, pain and obstructive jaundice due to blockage of bile ducts or blood vessels. 

Lung cysts are usually asymptomatic; when signs are seen, they include cough, shortness of breath, 

hemoptysis, chest pain, pneumothorax, and dyspnea. In the kidneys, hydatid cysts cause pain and 

hematuria. Cerebral hydatid cysts may present as increased intracranial pressure and focal epilepsy. 

Hydatid cysts in bones may cause pathological fractures. Hypersensitivity to hydatid fluid seeping 

through the capsule may cause urticaria. A massive release of hydatid fluid from spontaneous rupture 

of the cyst or during a surgical procedure may cause anaphylactic shock and death. 

Target groups and routes of transmission. The target groups for infection with E. granulosus 

include people involved in raising sheep (rarely, pigs, goats or camels) and people (mostly, children) 

who contact with stray and uncontrolled dogs. All travelers and residents in the endemic areas are 

also in the target group. Cystic echinococcosis is a zoonotic disease with a fecal-oral route of 

transmission. 

Diagnosis. Diagnosis of cystic echinococcosis is usually incidental and is based on clinical 

symptoms. The first step of the diagnosis is based on the imaging techniques: X-ray and contrasts 

tomography scan (for detection of calcified cysts) or ultrasonography and MRI (for detection of 

uncalcified cysts). The second step of the diagnosis (after detection of the hydatid cyst) includes 

immunodiagnosis (blood tests): serological tests including ELISA, indirect hemagglutination test 

(IHAT) and a Western Blot test for detection of antibodies to the E. granulosus. The third step to 

confirm the diagnosis includes the ultrasound-guided fine needle aspirate with microscopic 

examination of the aspirated fluid to detect the "hydatid sand". Because the hydatid cyst develops 

slowly, the average age at diagnosis in humans is 30–40 years. 

Prevention. To prevent infection with E. granulosus, people should not feed dogs with the offal of 

infected sheep or pigs and avoid unnecessary contacts with stray and uncontrolled dogs. Reducing 

contacts between dogs and intermediate hosts (sheep, goats, etc.), education of people to prevent 

feeding uncooked animal's offal to dogs and regular anthelmintic treatments of dogs are necessary 

to prevent transmission of echinococcosis. Personal hygiene in endemic areas such as avoiding 

potentially contaminated food and water is also necessary to prevent infection. 
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Echinococcus multilocularis 

 

General information. Echinococcus (= Alveococcus) multilocularis is a small tapeworm also known 

as the "fox tapeworm", which causes alveolar echinococcosis (or multilocular hydatidosis) in humans. 

The adult tapeworms parasitize the small intestine of wild canids (foxes, jackals, etc., rarely cats). 

Humans become infected with larval stages of the parasite. People usually become infected by 

ingesting the parasite eggs that contain the infective larvae (oncosphere) when they are eating forest 

berries and mushrooms. Hunters, farmers, dog-owners, veterinarians, and wildlife biologists are at a 

high risk of infection because they have contact with wild foxes or their feces. Alveolar echinococcosis 

is considered as a zoonosis; wildlife (foxes, jackals, dogs, cats, and small rodents as the intermediate 

hosts) are its natural reservoirs. 

Geographic distribution. Echinococcus multilocularis occurs only in the northern hemisphere, 

including central and northern parts of Europe, Asia, and North America. Hot spots of infection are 

documented in western parts of China and Central Asia. Alveolar echinococcosis has extended its 

range in Western Europe, the USA, and Canada during the last few decades. Alveolar echinococcosis 

is considered as a rare form of echinococcosis; the incidence of this disease ranges from 0.03–1.2 

cases per 100,000 inhabitants. Echinococcus multilocularis has a sylvatic life cycle in Europe; foxes 

and mice are important reservoirs of the alveolar echinococcosis. During the last decades, the 

alveolar echinococcosis became a newly emerging disease in Central Europe (Switzerland, Austria, 

and Germany) because the fox population has been increasing. 

Parasite morphology and life cycle. The life cycle of E. multilocularis includes four stages. 

 An adult tapeworm is a small (2–5 mm long) organism with a scolex (with 4 suckers and 

rostellum with hooks), short neck and a strobila consisting of 3–4 segments. Adult worms 

parasitize small intestine of wild canids (foxes, jackals, etc., rarely, cats). 

 Eggs are similar to eggs of Taenia spp.; they are ovoid and brown, measuring 30–45 µm in 

diameter. The egg has a thick striated outer shell and contains an oncosphere. 

 Oncosphere is a round or spherical larva with six hooks. It hatches from the egg in the 

intestine of the intermediate host, penetrates the intestinal wall and migrates into various 

organs where it transforms into a hydatid cyst. 

 Hydatid cyst is a bladder-like multilocular (= many-chamber) larva that develops in various 

organs of the intermediate host. It develops by means of exogenous budding as a labyrinth 

of small chambers intermixed with the host's tissues and behaves like a tumor in the host's 

tissues. In contrast to E. granulosus (see above), these chambers are not surrounded by a 

fibrous capsule. The hydatid cyst has a two-layer wall, which contains numerous 

protoscoleces (= larval scolices).  

Echinococcus multilocularis has a complex life cycle, which includes one intermediate host (small 

rodents or humans) and one definitive host (wild canids – foxes, jackals, dogs, less commonly, cats). 

Eggs of E. multilocularis are infective to humans. The adult worms parasitize the small intestine of 

the definitive host, where they feed, grow and produce eggs. The gravid proglottid breaks away. It is 

expelled singly out with feces. After ingestion by the intermediate host (mice or human), the egg 

hatches in the small intestine and releases the oncosphere (larvae). Oncosphere penetrates the 

intestinal wall and migrates via the bloodstream into various organs (mostly, to the liver) where it 

develops to a labyrinth of small chambers intermixed with the host's fibrous tissues and liver 

parenchyma. The definitive host becomes infected by ingesting these cyst-containing organs. In the 
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definitive host, the hydatid cyst releases the protoscoleces, which attach to the intestine wall and 

develop into adult tapeworms. Humans are the "dead-end hosts" in the E. multilocularis life cycle. 

Symptoms and pathology. Human alveolar echinococcosis is characterized by a long incubation 

period of 5–15 years and is often asymptomatic for several years. Clinical illness develops when the 

labyrinths of the hydatid cysts cause obstruction or pressure to adjacent tissues or organs. In the 

majority of cases (>65%), the alveolar cysts occur in the liver. In the liver tissues, multilocular 

echinococcosis progresses: the larval stage proliferates within the tissues, behaving similar to hepatic 

neoplasia (tumor). Typical symptoms are pain or discomfort in the upper abdominal region, nausea, 

vomiting, biliary obstruction, weight loss, and weakness. Jaundice is rare, but hepatomegaly is a 

common physical finding. Symptoms of alveolar echinococcosis may mimic those of liver cancer and 

liver cirrhosis. The mortality rate is high and reaches up to 50–60% of diagnosed cases. 

Target groups and routes of transmission. The target groups for infection with E. multilocularis 

include trappers, hunters, veterinarians, and other people who have contact with wild foxes, or 

coyotes, or their feces, and people who pick up forest berries or mushrooms contaminated with fox’s 

feces. Alveolar echinococcosis is a newly emerging disease in Central Europe (Germany, Austria, 

Switzerland, etc.) due to an increase in the "urban foxes" (foxes that live close to human) population. 

Alveolar echinococcosis is a zoonotic food-borne disease with a fecal-oral route of transmission. 

Diagnosis. Diagnosis of alveolar echinococcosis is based on imaging techniques (X-ray, contrasts 

tomography, ultrasonography, MRI) for the detection of hydatid cysts. Serologic blood tests (to 

detect antibodies to the E. multilocularis) and ultrasound-guided fine-needle aspirates are used to 

detect protoscoleces and hooks in the aspirated fluid. Because of the slow development of the cysts, 

the average age at diagnosis of alveolar echinococcosis in human is older than 50 years. 

Prevention. To prevent infection with E. multilocularis, people have to avoid keeping wild animals 

as pets. It is recommended to avoid consuming potentially contaminated forest food (berries and 

mushrooms) in the endemic areas. Practicing proper food/water hygiene, washing wild berries with 

hot water effectively helps to prevent infection. 
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Roundworms, or Nematodes 

 

Roundworms are elongated cylindrical or spindle-shaped non-segmented worms from the phylum 

Nematoda, which can be free-living or parasitic in nature. The round shape of the body is visible well 

on its cross-section. In contrast to flatworms (see above), parasitic nematodes have no attachment 

devices like hooks or suckers; therefore they move freely in the lumen of the intestine and other 

organs, or attach to the mucosa by teeth or plates, or dwell within the tissues.  

The body wall of nematodes consists of three layers: cuticle (outer layer), hypodermis (middle layer), 

and the somatic musculature (inner layer). Nematodes have a body cavity called pseudocoelom, 

which is filled with fluid. Most nematodes are dioecious, they have separate sexes (males and females) 

and sexual dimorphism; males are generally smaller than females, and their posterior ends are usually 

curved or coiled ventrally. Female nematodes may produce eggs (oviparous), larvae (viviparous) or 

lay eggs containing larvae, which immediately hatch out (ovoviviparous). There are two main modes 

of infection by nematodes – with eggs or with larvae. Nematode eggs can be ingested with food and 

drinks or inhaled and then swallowed. Infective larvae can be consumed with food (ex.: with meat 

containing larvae of Trichinella), or with contaminated food and water. Active penetration of infective 

larvae through the skin, inoculation of infective larvae by biting of arthropod vectors and 

autoinfection are also possible routes of infection by parasitic nematodes. The life cycles of 

nematodes can be simple (with one definitive host) or complex (with one definitive host and one or 

several intermediate hosts).  

Nematodes inhabit a broad range of environments. About 25,000–40,000 species of nematodes are 

known to date; more than 10,000 species are parasitic. Approximately 60 species of parasitic 

nematodes are medically important for humans. 
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Ascaris lumbricoides 
 

General information. Ascaris lumbricoides is large cylindrical nematode also known as the "large 

intestinal roundworm", which causes ascariasis in humans. Adult worms parasitize the lumen of the 

small intestine. People usually become infected by ingesting the eggs of Ascaris with contaminated 

food or water. Ascariasis is considered as anthroponosis. 

Geographic distribution. Ascaris lumbricoides is distributed worldwide. It is most common in 

tropical and subtropical areas with warm and moist climates. More than 1 billion people worldwide 

are infected with A. lumbricoides, which represents about 20% of the world human population. 

Ascariasis is found to be associated with poor personal and community hygiene and poor sanitation; 

children usually are infected more often than adults are. Ascariasis is also widespread in 

areas/countries where human feces are used as fertilizers. 

Parasite morphology and life cycle. The life cycle of A. lumbricoides includes three stages. 

• Adult roundworm is a large and cylindrical organism with tapering ends. The adult male is 

15–30 cm in length and 2–4 mm in width; the male posterior end is curved. The adult female 

is 20–35 cm in length and 3–6 mm in width; the female posterior end is straight and conical. 

Adult worms parasitize the lumen of the small intestine. 

• Eggs (both fertilized and unfertilized) are passed by the female roundworm. The fertilized 

egg (infective stage) is spherical or ovoid, golden-brown in color (stained with bile), 

measuring 45–75 µm × 35–50 µm, and contains a one-cell embryo. The outer layer of the 

fertilized egg is coarsely mammillated. Unfertilized eggs are longer, more elliptical (85–95 µm 

× 45 µm) with thinner shell; they contain refractive granules. Unfertilized eggs do not develop 

into the infective stage. 

• Larva (in human lungs) is 1–2 mm long and possesses very small lateral wings, which are well 

visible on their cross-section. Larvae can be found during their migration in the liver, heart, 

and lungs of human. 

Ascaris lumbricoides has a simple life cycle, which includes only one host (humans). Adult 

roundworms parasitize the lumen of the small intestine. Adult females produce approximately 

200,000 eggs per day, which are passed with the feces into the environment. There the fertilized eggs 

embryonate for about 18 days to develop into the first-stage and then second-stage infective larvae, 

which are in the eggs. After ingestion by a human, the larvae hatch from the eggs, penetrate the 

intestinal wall and move via bloodstream to the liver, then to the heart and, finally, to lungs. Larvae 

develop in the lungs for 10–14 days; then they ascend the bronchial tubes to the throat, and patient 

swallows larvae. After, the larvae move to the small intestine, where they develop to adult worms. 

Complete development of A. lumbricoides from the egg to the adult stage takes 2–3 months. Adult 

worms live up to 1–2 years. 

Symptoms and pathology. Clinical symptoms of ascariasis are caused by the migrating larvae and 

by the adult worms. Larval migration (4–16 days after infection) can cause various allergic reactions, 

which are characterized by low-grade fever, cough, wheezing, eosinophilia, and lung infiltration. The 

sputum may contain larvae. The pulmonary clinical features subside in 1 or 2 weeks after infection. 

Light intestinal infection with A. lumbricoides is usually asymptomatic. The clinical symptoms (about 

6 weeks after infection), if present, are due to nutritional and toxic effects of the adult worms. Masses 

of worms dwell in the small intestine may cause intestinal obstruction. The worms may migrate up 
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or down along the intestine; they may block the biliary or pancreatic ducts causing acute biliary 

obstruction or pancreatitis. Migrating A. lumbricoides may cause the liver abscess, appendicitis or 

peritonitis if they perforate the intestine. Worms may go up the esophagus and come out through 

the mouth or nose. 

Target groups and routes of transmission. The target groups for infection with A. lumbricoides 

include inhabitants and travelers to areas with poor community sanitary conditions. Children are 

usually more often infected with A. lumbricoides than adults are. Ascariasis is considered as food-

borne and soil-borne anthroponotic disease. 

Diagnosis. Diagnosis of ascariasis is based on finding the parasite eggs and adult worms in stool 

samples, and larvae in sputum samples. 

Prevention. To prevent infection with A. lumbricoides, people have to practice proper personal and 

community sanitation and hygiene (washing hands, using properly organized toilets). Drinking clean 

bottled water, avoiding raw fruit and vegetables in potentially contaminates areas effectively prevent 

infection. People have to avoid using fresh human feces as fertilizers. 
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Enterobius vermicularis 
 

General information. Enterobius vermicularis is small white cylindrical nematode also known as 

the "pinworm" (or "seatworm"), which causes enterobiasis in humans. Adult worms parasitize the 

colon and rectum of humans. People usually become infected by ingesting the parasite eggs from 

dirty hands and with contaminated food, or by inhalation of dry eggs of the parasite. Enterobiasis is 

considered as anthroponosis. 

Geographic distribution. Enterobiasis is distributed worldwide; it is the most common helminth 

infection in children in developed countries (the United States and Western Europe). Enterobiasis is 

more common in temperate than in tropical countries. More than 200 million people are infected in 

the world. Pinworm infections are more frequent in children and within families with school- or 

preschool-aged children (prevalence is more than 60% in India, 50% in England, 40% in Thailand, 

and 37% in Sweden). In primary schools, the prevalence of enterobiasis can reach 50%. 

Parasite morphology and life cycle. The life cycle of E. vermicularis includes three stages. 

• Adult roundworm is white short fusiform nematode with pointed ends. The mouth of the 

nematode is surrounded by 3 wing-like cuticular expansions (cervical alae); esophagus is 

bulb-shaped (bulbous). Adult males are 2–5 mm long; the posterior end of males is curved 

ventrally and carries copulatory spicules. Adult females are 8–13 mm long and 0.5 mm thick; 

the posterior third of females is elongated and pointed. 

• Eggs are colorless or light-color, ovoid, 50–60 µm × 25 µm. One side of the egg is flattened 

(asymmetrical or D-shaped). The eggshell is thick but transparent. The egg contains a fully 

formed coiled embryo; eggs become infectious 4–6 hours after being deposited on the 

perianal skin. Eggs with larvae are the infective stages. 

• The larva is a small milky-white worm, measuring 140–150 µm in length, which parasitizes 

the human small intestine. 

Enterobius vermicularis has a simple life cycle, which includes only one host – humans. Adult 

pinworms parasitize the large intestine (colon and rectum) where they feed, grow and produce eggs. 

While an infected person sleeps, female pinworms leave the large intestine through the anus and 

deposit their eggs on the surrounding skin causing itching around the anus, which can lead to 

difficulty sleeping and restlessness. Eggs become infective 4–6 hours after being deposited on the 

perianal folders. Under cool moist conditions with no direct sunlight, the eggs remain viable for 

about 2–3 weeks. Humans become infected by ingesting the pinworm eggs from dirty hands, 

through the handling of contaminated surfaces (fecal-oral route of transmission), or with 

contaminated food. Self-infection may also occur as well as the person-to-person transmission 

through the handling of contaminated clothes or bed linens. Light dry eggs of E. vermicularis also 

can be inhaled by humans with dust in the air and then swallowed. Larvae hatch from the eggs in the 

small intestine where they feed and develop. Adult worms then migrate to the colon. Development 

from the egg to the adult stage takes 3–4 weeks. The lifespan of adult worms is about 7–8 weeks. 

Symptoms and pathology. Enterobiasis occurs mostly in school- or preschool-aged children. Light 

infection (in about 30% of cases) is asymptomatic. The main symptom of enterobiasis is intense 

irritation and pruritus of the perianal area (= pruritus ani), which coincides with lying of eggs by the 

gravid female worm at night. When the infection is heavy, there can be a secondary bacterial infection 

due to the irritation and scratching of the perianal area. Other symptoms include restlessness, poor 
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sleep, bed-wetting, or nocturnal enuresis, irritability (such as teeth grinding, especially at night), and 

secondary bacterial skin infections. In female patients, the worms may cause ectopic migration when 

they crawl into the vulva and vagina causing irritation. Enterobius females may migrate up to the 

uterus and fallopian tubes and cause cervicitis and chronic salpingitis. Adult worms are sometimes 

found in a surgically removed appendix; however, their presence is thought to be incidental. 

Target groups and routes of transmission. The prevalence of E. vermicularis is not associated 

with gender or with any particular social class, race, or culture, mostly with age – children are usually 

more often infected than adults are. The target group for E. vermicularis includes families with school- 

or preschool-aged children. Enterobiasis is considered as a food-borne anthroponotic disease with 

a fecal-oral route of transmission. Enterobiasis also can be considered as an air-borne infection (eggs 

stuck to dust particles, inhaled and swallowed). 

Diagnosis. Diagnosis of enterobiasis is based on finding the parasite eggs on the perianal area and 

adult females in stool samples. Itching during the night in a child’s perianal area strongly suggests a 

pinworm infection. As eggs are deposited in the perianal area, not in feces. Neither all traditional 

coprological tests nor the serological tests are informative. The "gold standard" for the finding of 

E. vermicularis eggs is the “tape test” performed on three consecutive mornings. A small piece of 

sticky tape is used for swabbing by rolling over the perianal area as soon as the person wakes up. 

The eggs on the tape are visible under a microscope. 

Prevention. To prevent infection with E. vermicularis, people must have good hand hygiene 

(washing hands, keeping fingernails clean and trimmed short); daily morning showering with soap 

and changing of underwear are also recommended. Washing clothes with hot water (higher than 50–

60°C) and ironing underwear is necessary; bath the rooms with direct sunlight kills the pinworm eggs. 
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Trichuris trichiura 
 

General information. Trichuris trichiura is middle-sized nematode also known as the "whipworm", 

which causes trichuriasis in humans and primates (monkeys, apes). Adult worms parasitize the human 

large intestine, mainly the caecum and colon. Humans usually become infected by ingesting the 

parasite eggs with water, soil or dirt contaminated with feces containing whipworm eggs. Trichuriasis 

is considered as an anthroponosis and anthropozoonosis. 

Geographic distribution. Trichuriasis is distributed worldwide; however, the prevalence of 

infection is much higher in regions with hot, humid climates, such as Africa, South-East Asia, Latin, 

and South America. Approximately 600 to 800 million people around the world are considered to 

have a whipworm infection. Trichuriasis most often occurs in children and people who live in areas 

with poor hygiene and sanitation, or in counties where human feces are used as fertilizers. 

Parasite morphology and life cycle. The life cycle of T. trichiura includes three stages. 

• Adult roundworm is a white or pinkish-white elongated nematode, with a characteristic 

whip-like body – thick posterior part of the body (tail end) resembles the "whip handle" and 

narrow threadlike anterior part ("head area") looks like the whip ("whipworm"). The thin 

anterior part of the nematode is usually embedded into the intestinal mucosa. Adult males 

are 30–45 mm long; the posterior end of the male is coiled ventrally. Adult females are 40–

50 mm long with a straight and rounded posterior end.  

• Eggs are dark yellowish-brown (bile stained), barrel-shaped or lemon-shaped measuring 50–

54 µm × 20–23 µm, with bipolar prominent plugs. Egg contains an embryo. When passed in 

feces, eggs are not directly infective to humans and need two weeks for maturation in the 

environment (soil). 

• The larva is a small worm (260 µm in length and 15 µm in width), which parasitizes the small 

intestine invading the intestinal wall. 

Trichuris trichiura has a simple life cycle, which includes only one definitive host – humans or 

primates. Adult nematodes parasitize the large intestine where they attach to intestinal walls by 

embedding their slender anterior parts into the mucosa; the thick posterior part contains the 

intestine and reproductive organs. Fertilized female whipworm lays 1,000–3,000 unembryonated 

eggs per day, which are passed out in the feces. In soil, the eggs develop and become infective for 

about 15–30 days depending on the environmental temperature and availability of oxygen. 

Embryonated eggs are extremely resistant to environmental conditions; they can survive in the soil 

for more than a year. Egg with developed larva is the infective stage. After ingestion, eggs hatch and 

release larvae in the small intestine (in upper duodenum). Larvae attach to the intestinal villi lower 

down the small intestine or invade the intestinal walls. Larvae mature and develop into adults in the 

colon with the anterior part buried in the mucosa. Adult whipworms feed on tissue secretions and 

blood. Females begin to lay eggs about 2 months after infection. The life longevity of adult 

whipworms in human intestines is about one year. 

Symptoms and pathology. Light infection with T. trichiura is usually asymptomatic. In moderate 

infections with 20–50 adult worms, the symptoms include epigastric and lower abdominal pain, 

diarrhea (rarely bloody diarrhea), vomiting, flatulence and distention, headache, weight loss. In heavy 

infections with 200 adults worms or more (so-called "Trichuris dysentery syndrome"), the symptoms 

include bloody diarrhea with profuse mucosa, abdominal pain, weight loss leading to cachexia, 
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severe anemia, eosinophilia, and occasionally rectal prolapse. In supersensitive persons, infection 

with Trichuris can lead to non-specific responses such as nervousness, anorexia, and allergic urticaria. 

Chronic infection leads to impaired childhood growth, poor physical fitness, and nutritional 

deficiencies. 

Target groups and routes of transmission. The target groups for infection with T. trichiura 

include children (because of playing with dirty contaminated soil), inhabitants and travelers to 

endemic regions with hot, humid climates and poor sanitary conditions. People who contact with soil 

fertilized with human feces also exposed to infection. Trichuriasis is considered as soil- and food-

borne anthroponotic and anthropozoonotic diseases. Human infection with Trichuris spp. specific for 

pigs and dogs is also possible. 

Diagnosis. Diagnosis of trichuriasis is based on the finding of the parasite eggs in fecal samples. 

Examination of the rectal mucosa by proctoscopy can occasionally detect adult whipworms.  

Prevention. To prevent infection with T. trichiura, people have to practice good personal and 

community hygiene: regularly wash hands, drink bottled water in a potentially contaminated area, 

and avoid raw fruit and vegetables. Processing of human feces (composting or heat processing) 

before using them as fertilizers effectively helps to prevent the distribution of trichuriasis. 
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Filarial worms 
 

General information. Filariases are parasitic diseases in humans which are caused by the 

roundworms of the superfamily Filarioidea, which are transmitted by blood-feeding insects–vectors 

(flies, midges, and mosquitoes). Filariases also affect domestic and wild animals (cattle, sheep, dogs, 

etc.). Filarial worms parasitize human tissues, lymphatic system, body cavity and release larvae 

(microfilariae) into the human bloodstream. These circulating microfilariae are taken up by the 

insects–vectors with their blood meal. In the insect body, microfilariae develop into infective larvae 

that are transmitted to new hosts. About 10 species of filarial worms are considered as parasites of 

humans. They cause three groups of filariases: 

• Lymphatic filariasis caused by Wuchereria bancrofti (90% cases) and Brugia spp., which 

parasitize the human lymphatic system and cause a disease called elephantiasis. 

• Subcutaneous filariasis caused by Loa loa and Onchocerca volvulus, which occupy the 

human subcutaneous tissues and cause diseases called loiasis and onchocerciasis (or "river 

blindness"). 

• Body cavity filariasis caused by Mansonella perstans and M. ozzardi, which occupy the 

serous cavity of the abdomen of human and cause mansonellosis. 

Geographic distribution. Filariases are distributed mostly in tropical and subtropical areas of 

Africa, Asia, western Pacific Islands, and South America. Some cases of filariases have been registered 

in North and Central America and Australia. Approximately 250 million people around the world are 

infected with filarial roundworms. Lymphatic filariases are endemic in 80 countries (in Asia, Africa, 

South America), where are over 120 million infected people (loiasis in more than 14 million infected 

people; onchocerciasis – in about 25 million people; mansonellosis – in over 114 million people in 

Africa, South and Central America). 

Parasite morphology and life cycle. The life cycle of all filarial roundworms includes two stages. 

• Adult filaria is a long whitish thread-like worm with smooth cuticle and tapering ends. 

Females are usually larger (70–150 mm × 0.25 mm) than the males (25–40 mm × 0.1 mm). 

The female filariae are viviparous – they lay larvae (eggs hatch in the uterus) and liberate 

sheathed microfilariae into the human blood system. 

• Microfilaria is a small transparent and colorless worm with blunt anterior end and pointed 

posterior end, measuring 250–300 µm in length. Microfilaria has a body sheath with a clear 

space at the anterior end ("cephalic space"). Size of the cephalic space is important for species 

diagnosis of microfilaria. Microfilariae do not multiply or undergo any further development 

in the human body (their development is possible only in intermediate host-vector); their 

lifespan in human bloodstream is about 2–3 months.  

Filarial worms have a complex life cycle, which includes definitive and intermediate hosts. The 

definitive hosts are humans or other vertebrates (cattle, sheep, dogs, monkeys, etc.). Adult filariae 

parasitize tissues, lymphatic system, and body cavity for several years. After mating, females release 

thousands live microfilariae (about 50,000 per day) into the human bloodstream. The microfilariae 

perform daytime migration in the host body, which is an important adaptation between microfilaria 

activity and biting habits of their insects–vectors. The intermediate hosts (and vectors) are various 

blood-feeding insects from the order Diptera. Mosquitoes from the family Culicidae transmit 

lymphatic filariases. Subcutaneous filariasis caused by L. loa is transmitted by deer flies; subcutaneous 
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filariases caused by O. volvulus – by a black fly, and body cavity filariases – by midges. The highest 

concentration of the nocturnal microfilariae in peripheral blood occurs during night (between 10 p.m. 

– 2 a.m.). During the daylight hours, the nocturnal microfilariae reside in the deep tissues, particularly 

in the lungs. For the daytime microfilariae, the periodicity is opposite and adapted to the activity of 

flies or midges. The intermediate hosts (insects) take up these circulating microfilariae with their 

blood meal. In the insect’s body, the microfilariae develop into third-stage infective larvae. 

Microfilaria third-stage larvae in insects are infective stages for human. Taking another blood meal, 

the insects inject the infective larvae into the human skin. After about one year, the larvae develop 

into the adult worms (males and females).  

Symptoms and pathology. Clinically, all filariases can be divided into three phases: 1) incubation, 

2) acute (inflammatory) phase and 3) chronic (obstructive) phase. Incubation phase is mostly 

asymptomatic and may last for a year or more. Symptoms, if they appear, are usually mild and may 

include low-grade fever caused by lymphatic inflammation. In the inflammatory (acute) phase (5–7 

days after infection), the antigens from the adult worms elicit inflammatory responses in human, 

which cause high fever, lymphatic inflammation (lymphadenitis) and lymphedema. Pathogenesis of 

chronic filariases depends on the species of parasite, type of infection and state of the immune 

system and inflammatory responses of the host (human). 

• Lymphatic filariases (caused by W. bancrofti and Brugia spp.) cause dilatation of lymphatic 

vessels, hypertrophy of vessel walls, loss of valvular function, and complicate backflow of 

lymph. In the chronic phase, the infection leads to chronic lymphedema or "elephantiasis" (in 

limbs, breasts, and genitalia). Secondary bacterial and fungal infections may occur in patients 

with long-standing elephantiasis. 

• Subcutaneous filariases (caused by L. loa and O. volvulus) cause the following symptoms: 

Calabar swelling (for loiasis) is an allergic reaction of the human organism, which manifests 

as itchy swellings below the skin on face, legs and near joints; eye worm (for loiasis) – eye 

itching, pain, light sensitivity; River blindness (onchocerciasis in eyes) in an ocular lesions 

caused by the parasite such as punctate or sclerosing keratitis, iridocyclitis, secondary 

glaucoma, chorioretinitis and optic atrophy; onchocercoma (cutaneous onchocerciasis) as 

swollen, dark itchy papules and enlargement under skin. 

• Body cavity filariasis (caused by Mansonella spp.) causes angioedema (similar to the 

Calabar swellings), recurrent itchy subcutaneous lesions, fever, arthralgia, neurologic 

manifestations, eosinophilia, and abdominal pain. 

Target groups and routes of transmission. The target groups for infection with filarial worms 

include those people who live or travel to endemic regions, and which are exposed to bites of insect 

vectors. Filariases are considered as the insect-borne (i.e. transmissive) anthropozoonotic diseases. 

Diagnosis. Diagnosis of filariasis is based on finding and identifying of microfilariae on thin and 

thick blood smears (“finger prick test”), and in a skin sample examination (O. volvulus). Because the 

periodicity of microfilariae in the peripheral blood in a human, the "finger-prick tests" has to be 

performed at daylight hours (for L. loa) or at nighttime (W. bancrofti). Serological tests are also 

effective to diagnose filariases. 

Prevention. There are no vaccines against microfilariae. To prevent human infection with filarial 

worms in endemic areas, people have to minimize their contacts with insects–vectors by using insect 

repellents, nets and wearing cloth with a minimal amount of exposed skin. 
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Strongyloides stercoralis 
 

General information. Strongyloides stercoralis is the smallest intestinal nematode of humans also 

known as the "threadworm", which causes strongyloidiasis in humans. Strongyloides stercoralis is the 

facultative parasite. The adult threadworms parasitize the mucosa of the small intestine in humans 

and can infect other mammals (cats, dogs, etc.). People usually get percutaneous infections due to 

skin penetration by the third-stage filariform infective larvae. Strongyloidiasis is considered as an 

anthropozoonosis. 

Geographic distribution. Human infections with S. stercoralis have been documented on all 

continents except Antarctica. Strongyloidiasis is most common in the tropics, subtropics, and in warm 

temperate regions. The global prevalence of human strongyloidiasis is unknown; however, 

epidemiologists estimate about 30–100 million people infected worldwide. Strongyloidiasis affects 

from 10% to 40% of the human population in tropical and subtropical endemic countries. Another 

species potentially dangerous for human (Strongyloides fullerborni) is prevalent in African monkeys. 

It has been documented to causes infection in humans in Africa and in Papua New Guinea. 

Parasite morphology and life cycle. The life cycle of S. stercoralis includes five stages. 

• The parasitic adult female is the smallest intestinal nematode that parasitizes humans (2–

3 mm long). Parasitic females are parthenogenetic organisms, which produce eggs without 

the presence of males. They can be found in the small intestine. 

• Free-living adult worms are represented by females (1 mm long) and males (about 750 

µm long). After copulation, adult free-living females release eggs. 

• Eggs are oval thin-shelled and are 50–58 µm × 30–34 µm in size. Eggs of S. stercoralis are 

rarely found in feces; as soon as the egg is laid, it hatches and releases the rhabditiform first-

stage larva. 

• Rhabditiform larva is the first-stage larva (L1) measuring 180–380 µm in length. An 

important morphological feature of S. stercoralis L1 larva is the large genital primordium. The 

L1 are released into the lumen of the small intestine, passes down the gut and expulsed out 

of the body in feces. The L1 molts twice to develop into the filariform larva L3. 

• Filariform larva is long and slender third-stage larva (L3), measuring 600 µm in length, with 

a notched tail. The filariform L3 is the infective stage to human. 

Strongyloides stercoralis has a life cycle, which includes one definitive host (human or other 

mammals) with alternation of generations (indirect and direct types of life cycles). Human 

autoinfection is also possible. The adult parthenogenetic females parasitize the mucosa of the small 

intestine, where they lay eggs. As soon as the eggs are laid, they hatch into rhabditiform first-stage 

larvae (L1). Rhabditiform larvae (L1) are excreted from the intestine into the feces and out of the 

body. They can follow three different directions to complete the life cycle.  

• Direct development: the L1 larva molts twice in soil and develops into an infective filariform 

third-stage larva (L3). The L3 can penetrate human skin initiating the infection. 

• Indirect development: the L1 larvae molt twice and develop into the free-living adult 

worms (males and females) in soil. The fertilized female produces eggs. The L1 larvae hatch 

from embryonated eggs, molt and develop into infective filariform larva (L3), which can 

penetrate human skin initiating the infection. 
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After penetration of human skin, filariform larvae (L3) migrate through the bloodstream to the 

heart and to lungs. In the lungs, the larvae rupture into the alveoli, crawl up the bronchioles, 

bronchi, trachea, and pharynx. After being swallowed, they develop into the parthenogenetic 

females, which parasitize the mucosa of the small intestine. The adult female deposits eggs in 

the intestinal mucosa. The time from skin penetration by L3 to egg deposition by the parasitic 

female is about 2 weeks. The direct development continues approximately 3 days; the indirect 

development continues 7–10 days. 

• Autoinfection (external and internal) is also possible. In course of external autoinfection, the 

first-stage L1 develops into the infective L3 in feces during passage down the intestine; these 

L3 cause re-infection in human by penetrating the perianal skin during defecation. Infective 

L3 enter the circulatory system and migrate to the heart and lungs to complete the life cycle. 

In course of internal autoinfection (commonly occurs in immunosuppressed patients), the L1 

develops into L3 in the intestine; the L3 immediately penetrates into the intestine, migrates 

to the heart and lungs to complete the life cycle. Autoinfection can maintain the disease in a 

person for many years. 

Symptoms and pathology. Clinical signs associated with human infections with S. stercoralis are 

varied, ranging from asymptomatic infection to the hyperinfection syndrome. There are three organs 

primarily affected by S. stercoralis infections: skin, lungs, and intestine. Skin phase (or acute 

strongyloidiasis due to migration of larvae) includes a rash at the site of skin penetration, dermatitis, 

and itching. The term "larva currens" describes a rapidly progressing (serpiginous) urticarial lesions 

associated with intradermal migration of Strongyloides larvae. However, after repeated infections, 

the patient may develop a hypersensitive reaction in the skin, which prevents the larvae from 

completing their life cycle. Lung phase (due to larval migration through lungs) includes respiratory 

symptoms – dry cough, tracheal irritation, hemorrhage and inflammation (bronchitis and 

bronchopneumonia), and fever. The intestinal phase is mostly asymptomatic in light infections. In 

heavy infections, symptoms include abdominal pain, loss of appetite, nausea, vomiting, anorexia, and 

diarrhea due to ulceration of the intestinal mucosa. Chronic strongyloidiasis is usually asymptomatic; 

however, it can cause arthritis and cardiac arrhythmias, nephritic syndrome, chronic malabsorption, 

duodenal obstruction, and recurrent asthma. Hyperinfection syndrome is connected with massive 

uncontrolled autoinfection with S. stercoralis (in immunocompromised patients) and it usually leads 

to severe complications with mortality up to 90% of patients. 

Target groups and routes of transmission. The target groups for infection with S. stercoralis 

include people who live and travel in areas endemic for strongyloidiasis. People with the 

compromised immune system (for example HIV, AISD, diabetes, leukemia or lymphoma, patients on 

steroids or organ transplant recipients) are more affected to infection. Strongyloidiasis is considered 

as the anthropozoonotic disease with a percutaneous route of transmission. 

Diagnosis. Diagnosis of strongyloidiasis is based on finding S. stercoralis rhabditiform L1 larvae in 

serial stool samples. Serological tests and molecular diagnostic (PCR on stool samples) are effective 

to diagnose strongyloidiasis. Direct observation of the "larva currens" as a red line on the skin that 

moves rapidly is also a specific diagnostic feature of strongyloidiasis. 

Prevention. To prevent infection with S. stercoralis, people should wear shoes when walking on soil, 

especially in areas endemic for strongyloidiasis, and avoid any contact with fecal matter or sewage. 

Treatment in infected people in endemic areas, proper sewage disposal, and fecal management are 

keys to preventing strongyloidiasis. 
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Ancylostoma duodenale 
 

General information. Ancylostoma duodenale is a small obligate nematode also known as the "Old 

World hookworm", which causes ancylostomiasis in humans. Adult hookworms parasitize the small 

intestine of humans. People usually acquire percutaneous infections due to skin penetration by the 

third-stage filariform infective larvae (L3). Ancylostomiasis is considered as an anthroponosis; it is 

sustained only in the human population. Some zoonotic species from the genus Ancylostoma 

(A. braziliense, A. caninum, A. ceylanicum, etc.) typical for mammals can infect humans. 

Geographic distribution. Ancylostoma duodenale and human ancylostomiasis are distributed 

worldwide, including Europe, Africa, India, China, and Southeast Asia, some areas in the United States, 

and in Central and South America. A few cases have also been documented in northern Australia. 

Approximately 1 billion people throughout the world are estimated to be infected with hookworms. 

Prevalence of hookworm infections is higher in areas with warm and humid climate and in countries 

where human feces are used as fertilizers or where humans defecate in the environment. 

Ancylostomiasis is well known in mines because of the consistency in temperature and humidity and 

lack of sunlight that provide ideal conditions for survival and development of Ancylostoma eggs and 

larvae. 

Parasite morphology and life cycle. The life cycle of A. duodenale includes four stages. 

• An adult worm is a small cylindrical nematode; females are 10–13 mm long, males are 8–11 

mm long. The anterior part of Ancylostoma is bent dorsally; thus, the nematode resembles a 

hook ("hookworm"); the mouth with 4 hook-like teeth ventrally and a median cleft dorsally. 

The posterior end of the male possesses a copulatory bursa supported by flashy rays. The 

adult females deposit eggs. 

• Eggs are oval, colorless with a smooth thin transparent shell and measuring 60–75 µm × 35–

40 µm. When passed in feces, the egg contains 4–8 large cells with a clear space between.  

• Rhabditiform larva is the first-stage larva (L1) 250–300 µm in length; it hatches from the 

egg in the environment, develops and molts twice into the filariform larva (L3). The L1 can be 

found in soil only.  

• Filariform larva is long and slender third-stage infective larva (L3), measuring 500–600 µm 

in length. 

The life cycle of Ancylostoma duodenale includes one definitive host (human). Adult nematodes 

parasitize the small intestine, where they attach firmly to the intestinal wall mucosa and feed on 

blood and tissues. The adult females deposit eggs (up to 20,000 eggs per day), which are passed out 

in the feces. Life longevity of A. duodenale is 1–2 years as a rule, but in some cases may reach several 

years. After being passed in feces, eggs develop in soil. The rhabditiform larvae (L1) hatch in warm, 

damp soil feeding on bacteria. The L1 has gone through two molts during 5–10 days and develops 

to the infective filariform larva (L3). The L3 larvae are infective to humans. The L3 climb into a suitable 

position waiting for a suitable host to pass by. The L3 can survive in the soil for 3–6 weeks. After the 

L3 penetrate the human skin and enter blood vessels, they migrate via the bloodstream to the heart 

and enter the lungs. The L3 ascend the bronchial tree to the pharynx. Then, they are swallowed. 

Larvae that are initially swallowed may not go through this migration route but go directly to the 

small intestine, where they grow and mature into adults.  
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Symptoms and pathology. Both the migrating larvae and adult worms may cause clinical 

symptoms of ancylostomiasis. The skin phase (due to larval penetration) may lead to dermatitis 

("ground itch") at the site of penetration of the filariform larvae. Later, the skin phase manifest as 

intense itching, erythema, and edema of the area, which soon develops into papular and vesicular 

eruptions followed by a secondary bacterial infection. These lesions disappear in 1–2 weeks. The 

pulmonary phase (due to larval migration to the lungs) causes the respiratory symptoms: dry cough, 

tracheal irritation, bronchitis, and bronchopneumonia. Marked eosinophilia also occurs at this phase. 

The intestinal phase manifests as abdominal pain, loss of appetite, nausea, vomiting, and bloody 

diarrhea. The adult worms cause mucosa necrosis in the small intestine and blood loss. High-intensity 

infection also causes iron-deficiency anemia that might result in mental dullness and heart failure. 

Protein deficiency may lead to dry skin, edema, and potbelly (large swollen belly). Heavy worm 

burden in children may have serious consequences including death. Specific symptoms of 

ancylostomiasis include skin lesion due to migration of larvae (L3), and geophagy (eating of soil). 

Target groups and routes of transmission. The target groups for infection with A. duodenale 

include people who walk barefoot outside/outdoors in endemic areas or in tropic countries where 

sanitation is poor; children playing outdoors in contaminated soil are also exposed. Having pets 

(dogs and cats) at home may lead to hookworm infection, which can develop a skin condition called 

"cutaneous larva migrans". Ancylostomiasis is considered as the anthroponosis with a percutaneous 

route of transmission. Other zoonotic hookworm species (A. caninum, A. ceylanicum, Uncinaria spp., 

etc.) can infect humans. 

Diagnosis. Diagnosis of ancylostomiasis is usually based on finding eggs in fecal (stool) samples or 

using stool cultures (Harada Mori stool culture method) to demonstrate the third-stage filariform 

larvae. Additional symptoms such as "cutaneous larva migrans" or geophagy in humans have also be 

considered in diagnostics. Serological blood tests and molecular diagnostic (PCR on stool samples) 

are effective to diagnose ancylostomiasis. 

Prevention. To prevent infection with A. duodenale, people should avoid walking on soil barefoot 

and direct contact with contaminated soil, especially in endemic areas or in tropical countries with 

poor sanitary conditions. In addition, it is necessary to avoid any contacts with fecal matter or sewage. 

Treatment of infected people in endemic areas, proper sewage disposal, and fecal management are 

keys to preventing ancylostomiasis. 
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Trichinella spiralis 
 

General information. Trichinella spiralis is an obligate parasite also known as the "pork worm", 

which causes trichinellosis (or trichinosis) in humans and carnivorous mammals. Adult T. spiralis 

parasitizes the small intestine of human or carnivorous animals (wolves, bears, boars, rat, pigs, etc.). 

Encysted larvae are in muscles of these animals. People became infected by eating raw or 

undercooked meat of infected animals (mostly, pigs); currently, cases of trichinellosis are commonly 

associated with eating raw or undercooked meat of game animals (wild boars). Trichinellosis is 

considered a zoonotic disease. 

Geographic distribution. Several species of Trichinella can cause human trichinellosis (T. spiralis, 

T. pseudospiralis, T. britovi, T. papuae, T. zimbabwensis, etc.). Trichinella spiralis is the most common 

species with a global distribution; it is commonly found in pigs. Trichinella spp. are common in 

Europe, North and South America, Asia. Every year more than 10,000 cases of trichinellosis occur 

worldwide, with a death rate of about 0.2%. Trichinellosis is widespread in countries where people 

traditionally consume pork; it is uncommon in Israel and Muslim countries where consuming pork is 

forbidden for religious reasons. 

Parasite morphology and life cycle. The life cycle of Trichinella includes two stages. 

• An adult worm is one of the smallest nematodes infecting humans. Females are 3–4 mm 

long and 0.06 mm wide. Eggs hatch within the female body (in the uterus); thus, one female 

produces up to 1,500 larvae. Adult males are about 1.5 mm × 0.04 mm; they have prominent 

copulatory bursa on the tail. The life span of adult worms is about four weeks. 

• The larva is 80–120 µm long; larvae survive coiled and encysted in striated skeletal muscle 

cells of the host. Trichinella cyst is an ovoid structure measuring 400 µm × 250 µm that can 

be found in striated skeletal muscle cells including diaphragm, biceps, masseter and 

extraocular muscles. The larvae remain infective inside the cyst for several years. If not 

consumed by a definitive host, larvae eventually die. Dead larvae become calcified. 

Trichinella spiralis has a simple life cycle, which includes one host (humans, pigs, boars, rodents, 

wolves, bears, horses, etc.). Trichinellosis is acquired by ingesting raw meat containing cysts (encysted 

larvae) of Trichinella. After exposure to gastric acid and pepsin in the stomach, the larvae excyst from 

the cysts and invade the mucosa of the small intestine where they develop into adult worms. The 

female worm is viviparous that means that eggs hatch within the female body and larvae are released 

from the uterus. The lifespan of the adult worm is very short (2–4 weeks); male worms die soon after 

mating and females die after discharging the larvae. An adult female can produce up to 1,500 larvae. 

Larvae penetrate the intestinal wall, enter the blood vessels and move via the bloodstream; next, 

larvae enter into the cytoplasm of striated skeletal muscle cells where they encyst. The parasite 

extensively modifies a muscle cell according to its own requirements and transforms cellular 

functions turning the host cell into a "nurse cell". The nurse cell forms new blood vessels to supply 

nutrients to the larvae. Larvae stimulate the host's muscles to produce a collagen capsule around the 

nurse cell. Encystment is usually completed in 4–5 weeks. Stage of encapsulation lasts for 1–8 months 

after infection. If the larva dies, calcification of the cyst occurs. The definitive hosts (human, 

carnivore/omnivore domestic and wild mammals) ingest the meat with encysted larvae, which leads 

to their infection and repeats the parasite life cycle. Rats and rodents are responsible for maintaining 

the infection. Humans are "dead-end hosts" in the life cycle of Trichinella.  
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Symptoms and pathology. The first symptoms of trichinellosis (intestinal phase) develop during 

the first 20–30 hours following infection; they are caused by the larvae that excyst, invade the 

intestinal wall and develop into adult worms. These symptoms include nausea, diarrhea, vomiting, 

abdominal pain, and excessive sweating. The clinical picture is similar to acute food poisoning. Late 

symptoms (migratory and encystation phases) develop after 1–2 weeks or longer; they are connected 

with migration of larvae through the blood vessels to their final location in active skeletal muscles, 

including the diaphragm, larynx, tongue, jaws, neck, ribs, biceps, etc., which have the greatest blood 

supply. These symptoms include muscle pain, face edema, headache, weakness or fatigue, itchy skin 

or rash, fever and chills, cough, diarrhea, swelling around the eyes, splinter hemorrhages, and muscle 

pain (myalgia). Larvae can infect cardiac muscles causing myocarditis but they usually do not encyst 

in the heart. Larvae can also cause encephalitis but do not encyst in the brain. Both myocarditis and 

encephalitis caused by Trichinella can be fatal. 

Target groups and routes of transmission. The target groups for infection with Trichinella 

include consumers of raw or undercooked meat, especially pork. Hunters and consumers of meat of 

game animals (boars, deer, seal and bear meat) are under the risk of infection. Trichinellosis is more 

common in rural areas where people often consume noncommercial meats. Trichinellosis is 

considered a zoonotic food-borne disease. 

Diagnosis. Diagnosis of trichinellosis is based on clinical signs, such as myalgia, periorbital edema, 

fever and eosinophilia in patients with a history of eating pork, game animals or sausages. Blood test 

(serology), molecular diagnosis (PCR of blood or muscle samples) and muscle biopsy during 

encystation phase are the most informative methods to diagnose trichinellosis. 

Prevention. To prevent infection with T. spiralis, people should avoid eating raw and undercooked 

meat, especially pork, game animal and horse meat. 
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Arthropods 

 

Arthropods are segmented invertebrates from the phylum Arthropoda. The body of arthropods 

possesses paired articulated appendages, including mouthparts and legs; some species have wings. 

A specialized grouping of multiple segments into a coherently functional morphological unit 

constitutes a body part, or the tagma (pl. tagmata). An arthropod representative can usually be 

assigned to the several taxonomical Classes by the number of legs and tagmata.  

The body wall of arthropods includes rigid cuticle (protein-chitin complex stiffened by minerals, 

metals and/or calcium carbonate) that hampers growing; thereby arthropods have to replace the 

cuticle periodically by molting. Most species of arthropods are dioecious – they have separate sexes 

(males and females) and reproduce sexually. After mating, females lay eggs or, rarely, give birth to 

larvae. Arthropods have two types of development: 1) direct development – when newly born 

offsprings appear like miniature adults or 2) indirect development – when larval stages undergo a 

conspicuous and relatively abrupt change in the body structure called metamorphosis. 

The phylum Arthropoda is the largest group of animals with more than 1.2 million species; 

approximately 40,000 species are parasitic. Medically important arthropods can directly parasitize 

humans (lice, larval flies, mites, etc.), or serve as biological or mechanical vectors of human infections 

(ticks, fleas, mosquitoes, cockroaches, etc.). Several species of arthropods (mostly spiders and 

scorpions) are venomous for humans.  

There are two major taxonomic groups of arthropods, which are of interest for the medical biologists.  

• Arachnids are arthropods from the class Arachnida. Adult arachnids usually have four pair 

of legs. Two anterior pairs of appendages called chelicerae and pedipalps used for feeding, 

defense, and sensory perception are also modified legs. The larval stages of some arachnids 

(mites and ticks) have only three pair of legs. The body of all arachnids consists of two 

tagmata, called the prosoma (= cephalothorax) and the opisthosoma (= abdomen). The class 

Arachnida includes more than 100,000 species; more than 12,000 species are parasitic. The 

most important parasitic arachnids are mites and ticks (subclass Acari). Mites are soft-body 

arachnids that cause diseases called acariases. Human acariases can occur in the skin, lungs, 

urinary and gastrointestinal tracts, and in other organs. Therefore, the mites can be associated 

with cutaneous dermatitis, lung diseases, and various allergic reactions; also, they can serve 

as vectors for several viral diseases. Ticks are stout-body blood-sucking arachnids that can 

transmit a variety of viral and bacterial diseases as the vectors (ex.: Lime diseases, tick-borne 

encephalitis, etc.). 

• Insects are arthropods from the class Insecta. Adult insects usually have three pair of legs. 

The larvae of insects are six-legged or have no legs at all. Insect’s body consists of three 

tagmata, called the head, thorax, and abdomen. Legs and, if present, wings are located on 

the thorax. The class Insecta includes more than 1 million species; more than 30,000 species 

of insects are parasitic. Many species of insects are hematophagous (blood-suckers) while 

others are histophagous (tissue-feeders); their bites or burrows in dermal tissues cause 

trauma, inflammation and hypersensitivity reactions. Most medically important parasitic 

insects belong to four systematic groups: 1) fleas (Siphonaptera), 2) lice (Phthiraptera), 3) true 

bugs (Heteroptera), 4) flies and mosquitoes (Diptera). 
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Sarcoptes scabiei 
 

General information. Sarcoptes scabiei is a microscopic obligate ectoparasitic mite also known as 

the "itch mite", which causes the skin disease called scabies in humans. Adult mites parasitize the 

skin of humans and other domestic and wild mammals. Scabies is most often spread during a 

relatively long period of direct skin contact with an infected person (at least for 10 minutes). Scabies 

is considered as anthropozoonosis; domestic and wild animals are its natural reservoirs. 

Geographic distribution. Sarcoptes scabiei (and scabies) has a cosmopolitan distribution in the 

human population. Sarcoptes scabiei can be found in all continents except Antarctica. Globally, about 

300 million new cases of scabies occur each year. About 1–10% of the human population in the world 

is estimated to be infected with scabies, but in certain populations, the infection rate may be as high 

as 50–80%. Scabies is more common in crowded environments with poor sanitary conditions such 

as jails, refugee camps, and orphanages. Domestic and wild animals (dogs, cats, coyotes, foxes, cows, 

etc.) are natural sources and reservoirs of scabies infection for humans. 

Parasite morphology and life cycle. The life cycle of S. scabiei includes four stages. 

• An adult is a small, oval, dorsally convex and ventrally flattened mite with 4 pairs of legs; 

body length: is 200–250 µm in males and 330–450 µm in females. There is no demarcation of 

the body into cephalothorax or abdomen; the dorsal surface of the body bears spines, scales, 

and bristles. Adult mites form burrows in the skin where females deposit eggs.  

• Eggs are small and oval, measuring 100–150 µm in length; they are located in the skin 

burrows. Eggs hatch to larvae in skin burrows. 

• The larva is a small oval dorsally convex, and ventrally flattened organism with 3 pairs of 

legs (body length is 100–150 µm) that migrates from skin burrows and hatches into the 

nymphs. 

• The nymph is an adult-like stage with 4 pairs of legs; nymphs are morphologically similar to 

adults, but smaller in size, measuring 150–300 µm, and with undeveloped reproductive 

systems. 

Sarcoptes scabiei has a simple life cycle, which includes only one definitive host (humans, dogs, cats, 

etc.). Sarcoptes scabiei live in serpiginous cutaneous burrows in the epidermal layer of the skin. Adult 

mites are transmitted by close personal skin-to-skin contact with an infected person. Both male and 

female mites burrow into the skin. The female deposits eggs in the skin burrow. The six-legged larvae 

hatch in 3–10 days in the burrow, move on the skin surface and borrow into the hair follicles where 

they feed on dead skin cells and dermal fat. After 3–4 days, the larvae molt into eight-legged nymphs. 

After 4–7 days, the nymphs mature into adult mites. Mating occurs only once, as that one event 

leaves the female fertile for the rest of her life. The impregnated female creates her characteristic S-

shaped burrow in human skin laying eggs in the process. The female deposits about 30 eggs and 

then dies at the end of the skin burrow. Adult mites live 1–2 months in the host's skin. 

Symptoms and pathology. Usually, an infected person does not notice any symptoms until the 

infection is well advanced. Mites make tunnels in the skin and their excretory products produce an 

intense itching sensation in most infected persons. The main symptoms of scabies are itching and 

presence S-shaped tracks in the skin. Common localization of symptoms (itching and S-shaped tracks 

in the skin) are in the following areas: the finger webs, ventral wrists, elbows, feet, back, buttocks, 

and external genitals. Symptoms usually develop during the first 4–6 weeks after infection and 



92 
 

include intense itching (especially at night), pimple-like rash, scales or blisters, sores caused by 

scratching and, sometimes, a massive allergic response on the skin occurs. Scratching can cause 

bleeding and secondary bacterial infections. In infants and immunosuppressed patients, the parasites 

can be localized inside the skin of the face or scalp. Elderly, disabled and immunocompromised 

people (with HIV, AIDS, after organ transplantation, diabetes, etc.) are susceptible to the "crusted 

scabies" (formerly called as "Norwegian scabies"). Persons with crusted scabies have thick crusts of 

skin that contain large numbers of scabies mites and their eggs. 

Target groups and routes of transmission. The target groups for S. scabiei include people live 

in crowded living conditions (childcare facilities, group homes, refugee camps, prisons, etc.), 

especially with lack of access to water and with poor personal and community hygiene. 

Immunocompromised people are more susceptible to scabies. Scabies is considered as an 

anthroponotic and anthropozoonotic disease with person-to-person transmission via direct skin 

contact or through the fomites (bedding, clothing, towels, etc.). 

Diagnosis. Diagnosis of scabies is based on microscopic examination of the skin after scraping or 

teasing the lesion with the tip of a scalpel blade or with a sterile needle and on finding the parasite 

eggs, adult mites or their fecal material in samples. Skin lesions, itching, and rashes are suggestive 

symptoms for diagnostic of scabies. 

Prevention. To prevent infection with S. scabiei, people must keep good personal and community 

hygiene; do not use common beddings, towels or clothing, especially in endemic areas, and wash 

hands with soap. Sterilization of garments and beddings, as well as treatment of all infected 

individuals, are recommended to prevent spreading of scabies in crowded communities. 
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Demodex folliculorum 
 

General information. Demodex folliculorum is a small mite also known as the "face mite", which 

causes demodicosis in humans. Demodex mites consume dirt and oil from the skin follicles that 

means that they are rather commensals then parasitic organisms. Adult mites can be found in human 

hair follicles and sebaceous glands (less often – in skin pores) mostly on the face, around the cheeks, 

nose, eyebrows, eyelashes, forehead, and less often on the other parts of the body such as arms, 

chest, and ears. Demodicosis is considered as anthroponosis. 

Geographic distribution. Demodex folliculorum (and demodicosis) is distributed worldwide. 

Virtually, every person has D. folliculorum living on the skin as a part of normal skin fauna; nearly 

every human carries colonies of 1,000 to 2,000 Demodex mites.  

Parasite morphology and life cycle. The life cycle of D. folliculorum includes four stages. 

• An adult is a small worm-like dorsally convex and ventrally flattened mite with 4 pairs of 

short five-segmented legs on the anterior half of the body; the body size is 300–400 µm × 

100 µm. After copulation, adult females lay eggs in hair follicles. 

• Eggs are small heart-shaped structures with a prominent lateral spine (100 µm in length). 

They are located in hair follicles and develop into larvae. 

• The larva is a small elongate dorsally convex and ventrally flattened mite with 3 pairs of legs; 

the body length is 100–200 µm; larvae develop into nymphs. 

• The nymph is morphologically similar to an adult mite, but smaller, measuring 200–300 µm 

and possesses an immature reproductive system. There are two stages of nymphs: the first 

stage nymph (= protonymph) is smaller and with 3 pairs of legs; the second stage nymph has 

4 pairs of legs. 

Demodex folliculorum has a simple life cycle, which includes only one host (humans). Adult mites 

dwelling in hair follicles are the infective stage. During the day, the mites feed on dead skin cells and 

sebaceous oil within hair follicles. At night, the mites emerge onto the skin surface to mate. Female 

lays 20–24 eggs in hair follicles. Eggs develop into larvae in 3–4 days. Larvae mature, feed and grow 

in sebaceous glands, and develop into the nymphs (after two molts) and then – into adult mites in 

approximately 7 days. The life spine of D. folliculorum on humans is about 18–24 days. 

Symptoms and pathology. Human demodicosis usually remains asymptomatic, but occasionally 

it may cause blepharitis (eyelid inflammation), loss of eyelashes or granulomatous skin eruptions and 

skin diseases such as rosacea. Clinical signs associated with demodicosis are often characterized by 

allergic reactions within the skin against the mite's excretions. Follicle mites may be involved in 

introducing several acne-causing bacteria into skin follicles in susceptible individuals. Common 

symptoms of demodicosis include hair loss, itching, skin inflammation, burning sensation, and 

eczema dermatitis. 

Target groups and routes of transmission. The target group for demodicosis includes almost 

every person who normally has the Demodex mites on their skin. Inflammatory conditions and 

secondary bacterial infections can increase the risk of massive development of the disease in 

susceptible individuals. Demodicosis is considered as an anthroponotic disease. 
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Diagnosis. Diagnosis of demodicosis is based on microscopic examination of skin scraping of the 

face with the tip of a scalpel blade and on finding the adult parasites, their eggs or nymphs in skin 

samples. Additional symptoms such as skin inflammation and eczema dermatitis also have to be 

taken into account for diagnostics. 

Prevention. To prevent infection with D. folliculorum, people must have good personal hygiene 

(bathe/shower daily to remove excess oil from skin). Using of non-greasy lotions and sunscreen and 

periodical exfoliation of the skin to get rid of dead skin cells also help to prevent demodicosis. Good 

immunity (good food, low stress level, etc.) is also necessary to prevent the development of clinical 

signs of demodicosis. 
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Pulex irritans 
 

General information. Pulex irritans is a small insect also known as the "human flea", or "house 

flea". Adult fleas are temporary parasites; they suck blood in mammals (dogs, cats, pigs, goats, 

humans, etc.). Larvae of P. irritans are free-living organisms that feed on organic debris. Pulex irritans 

can serve as a vector for various pathogens and can transmit such severe human diseases as plague 

and typhus; it also serves as an intermediate host for cestodes (Dipylidium caninum and Hymenolepis 

nana). The flea bites cause pulicosis in humans that can be caused by several species of fleas, 

including the cat flea and dog flea. Pulicosis is considered as an anthropozoonosis; domestic animals 

serve as its natural reservoirs. 

Geographic distribution. Pulex irritans is a cosmopolitan flea species and distributed on all 

continents. There are no human-specific flea species; several species of the genus Pulex can attack 

humans as well as a wide variety of mammals.  

Morphology and life cycle. The life cycle of P. irritans includes four stages.  

• An adult flea is a small wingless dark-brown insect with 3 pairs of legs (the third pair of legs 

is especially long for jumping) and piercing-sucking mouthparts that are used for a piercing 

of mammal's skin and feeding on the blood. The body length is 1.5–4 mm. Body of adult fleas 

is flattened sideways that enable flea to move effectively through the host's fur or hair by 

means of strong claws. Female lays eggs on the body of the host or in the environment. 

• Eggs are small oval pearly white structures (0.5 mm in length) that develop into larvae in the 

environment. 

• The larva is a small creamy white or yellow worm-like organism without limbs; the body 

length is about 0.6 mm. The larva with chewing mouthparts has 13 segments with bristles on 

each segment. The larvae are very different from the adult stage since the development of 

fleas includes complete metamorphosis. After undergoing three molts, the larvae develop 

into the pupae (pupate) in the environment. 

• The pupa is an ovoid structure (4 mm × 2 mm) surrounded by a silk sticky cocoon; it easily 

picks up debris, which aids in camouflage. Adult fleas emerge from the pupae in the 

environment. 

The life cycle of Pulex irritans includes one host (humans, dogs, cats, rats, guinea pigs, goats, etc.). 

Adult fleas need mammalian host only to suck blood. Females lay eggs in the environment; larvae 

hatch from the eggs in 3–4 days. Eggs are often laid on the body of the host, but they fall off. Larvae 

are free-living; they feed on organic debris. After undergoing three molts, the larvae form dormant 

pupae. The larval and pupal stages are completed in about 3–4 weeks. If conditions are unfavorable, 

a cocooned flea can remain dormant in the pupa for up to a year. Adult fleas hatch from pupae and 

seek for warm-blooded hosts for blood meals.  

Symptoms and pathology. Symptoms of pulicosis (direct effects of flea bites) include itching, 

swelled and raised skin, and sometimes hair loss. The bites cause discomfort, nuisance, and allergic 

reactions on the skin, which appear as small red bumps with a red “halo” around the center; bumps 

are usually in groups of three or four, or in a straight line. In extreme cases of high infestations, 

development of anemia is possible. Pulex irritans can serve as a vector for a variety of bacterial and 

viral pathogens (see above). 
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Target groups. The target group of pulicosis includes all people exposed to the attack of the fleas 

in the endemic areas.  

Prevention. To prevent bites of P. irritans, people have to minimize contacts with fleas and have to 

use insect repellents, especially in areas endemic for plague and typhus. To prevent the distribution 

of pulicosis, all pets and all home/house utensils have to be treated with pesticides to kill the fleas. 
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Pediculus humanus 
 

General information. Pediculus humanus is a small wingless insect also known as the "human 

louse" (plural – lice), which lives externally on hosts as an obligate ectoparasite and causes pediculosis 

in human. The lice parasitize externally on skin of various warm-blooded hosts (mammals and 

human) and feed on their blood and other secretions. There are two subspecies of the Pediculus 

humanus species: Pediculus humanus capitis, also known as the "head louse", which is located on 

the humans’ head hair and causes pediculosis capitis, and Pediculus humanus humanus, also known 

as the "body louse", which is located on the human body and causes pediculosis humanus. Pediculus 

humanus humanus can serve as a vector for several pathogens. Pediculosis is considered as an 

anthroponosis. 

Geographic distribution. Pediculus humanus is distributed worldwide; the prevalence is higher in 

countries and societies with poor personal and community hygiene and among children. More than 

15 million people in the world are infected every year.  

Parasite morphology and life cycle. The life cycle of P. humanus includes three stages. 

• An adult louse is a small dorso-ventrally flattened wingless insect with 3 pairs of legs; its 

body length is 2.5–3.5 mm. Male and female lice are similar in size and morphology. Female 

deposits eggs on host hairs or on fibers of clothing depending on the subspecies of the louse. 

Both body louse and head louse are morphologically similar. 

• Eggs (= nits) are oval-shaped structures, 0.6–0.8 mm in length. They are deposited and firmly 

attached to the host’s hair shaft (head louse) or to the fibers (body louse). Eggs are coffee-

colored when they contain a developed embryo, but appear white after hatching. 

• The nymph is an immature louse that hatches from the egg. Nymphs look like adult lice, but 

smaller in size (0.5–1.5 mm). The development of lice includes incomplete metamorphosis. 

After three molts, the nymphs directly develop to the adult lice (no pupa stage exists). 

The life cycle of Pediculus humanus includes one host (human). The louse usually spends its whole 

life on a single host, cementing its eggs (= nits) to host's hairs (head louse) or to the cloth fibers 

(body louse). To attach an egg, the adult female secretes sticky secret glue from her reproductive 

organ. This glue quickly hardens into a "nit sheath" that covers the hair shaft/fiber and large parts of 

the egg except for the operculum (a cap, through which the embryo breathes). In cool climates, eggs 

are generally laid within 3–5 mm of the scalp surface; in a warm climate, the eggs may be laid 6–10 

mm (up to 15 mm) down the hair shaft. Eggs of the head lice hatch after 7–9 days after oviposition. 

After hatching, the nymph (an immature louse) leaves behind its eggshell, still attached to the hair 

shaft. The empty eggshell remains in place until it will be physically removed by the host, or until 

slowly disintegrating in 6 or more months. Nymphs mature after three molts and become adults after 

7–12 days after hatching. Both adult and nymph stages feed on the host's blood. Development of a 

louse from egg to adult louse takes about 3–4 weeks. Females may live for 2–4 weeks, during which 

they lay 150–300 eggs. The head lice can live off the head (on hairbrushes, towels, pillows, or on coat 

hoods) for up to 48 hours. Adult lice are infective for humans. 

Symptoms and pathology. Symptoms of the pediculosis capitis include itchy scalp and small red 

bumps on the scalp skin. Symptoms of pediculosis humanus include intense itching (pruritus), rash, 

and bumps on the body skin. In contrast to Pediculus humanus capitis, P. humanus humanus can be 

a vector for various pathogens (epidemic typhus, trench, and relapsed fevers, etc.). 
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Target groups and routes of transmission. The target group for infection with P. humanus 

includes all people who exposed to bite of lice and live without proper personal and community 

hygiene. Body louse affects mainly homeless people in urban areas. Humans can get an infection 

during close direct contact with an infected person (head-to-head contact) or contact with 

contaminated clothing and fomites. Pediculosis is an anthroponotic disease. 

Diagnosis. Diagnosis of pediculosis is based on finding the adult lice, their nymphs, and eggs (nits) 

on hair and in clothing. All symptoms (itchy scalp, rush, small red bumps on the skin) have to be 

considered during diagnostics. 

Prevention. To prevent infection with P. humanus, people have to avoid contacts with lice and 

infected persons; they have to inspect the child’s head regularly looking for lice or nits, to avoid 

sharing head equipment and clothing, and minimize contacts with infected persons. 
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Pthirus pubis 
 

General information. Pthirus (= Phthirus) pubis is a small wingless insect also known as the "pubic 

louse" or "crab louse", which lives externally on human body hair (except head hair) as an obligate 

ectoparasite and causes phthiriasis (=phthiriasis pubis, or pediculosis pubis) in humans. The lice 

generally parasitize the human pubic hair or eyelashes, feed on blood and other secretions. The pubic 

louse does not transmit any pathogens. Phthiriasis is considered as an anthroponosis. 

Geographic distribution. Pthirus pubis is distributed worldwide, mostly in societies with poor 

personal and community hygiene.  

Parasite morphology and life cycle. The life cycle of P. pubis includes three stages. 

• Adult lice are small round dorso-ventrally flattened wingless insects with 3 pairs of legs; their 

body length is 1.5–2 mm. Male and female lice are similar in size and morphology. They can 

be found on human body areas with coarse and relatively sparse hair coverings such as the 

genital and perianal regions (most often), beard, mustache, eyelashes, and underneath the 

arms. Female deposits eggs on host hairs. 

• Eggs (= nits) are oval-shaped structures, 0.5 mm in length. They are firmly attached to the 

hair shafts. Eggs are coffee-colored when they contain a developed embryo, but appear white 

after hatching. 

• Nymph is an immature louse that hatches from the egg. It looks like a small adult louse and 

undergoes incomplete metamorphosis. After three molts, the nymphs directly develop to 

adult lice (no pupa stage exists).  

The life cycle of Pthirus pubis includes one host (human). Adult lice spend their whole life on a single 

host (human) feeding on blood. Adult female cements its eggs (= nits) to hairs on pubic part of the 

human body or on the face, but never on the head hair. The eggs hatch into nymphs, which mature 

after three molts and become adults. If adult crab lice are forced off the host, they die within 24–48 

hours without a blood feeding. The life span of adult females is about 3–4 weeks; females lay only 

three eggs per day, which constitute not more than 200 eggs during their lifetime.  

Symptoms and pathology. Symptoms of phthiriasis include itching (in pubic and eye areas) and 

skin allergic reactions due to hypersensitivity to the louse's saliva. 

Target groups and routes of transmission. The target group for infection with P. pubis includes 

people that live in endemic areas without proper personal and community hygiene. Humans can get 

the infection during direct skin/hair contact with an infected person (most commonly via sexual 

contact). Phthiriasis is an anthroponotic disease. 

Diagnosis. Diagnosis of phthiriasis is based on finding the adult lice, their larvae and eggs (= nits) 

on the coarse hairs (genital and perianal regions, beard, mustache, eyelashes, and underneath the 

arms). 

Prevention. To prevent infection with P. pubis people have to keep personal hygiene, regularly 

examine their hair looking for lice or nits, especially in endemic areas, and avoid any sexual contacts 

with infected persons. 
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Cimex lectularius 
 

General information. Cimex lectularius is a wingless insect also known as the "common bed bug", 

which causes cimicosis ("bed bug bites") in humans in temperate climates. Other species of the bed 

bug (Cimex hemipterus) causes human cimicosis in tropical regions. The adult bugs are temporary 

parasites, they parasitize the skin of humans or other warm-blood animals (birds, bats, etc.), where 

they feed on blood. Bed bugs have not shown to transmit any pathogens to humans.  

Geographic distribution. Cimex lectularius has a cosmopolitan distribution but mostly in 

temperate regions. Over the last two decades, bed bugs have dramatically increased in incidence 

and rapidly spread worldwide due to an increase in traveling people and trade and due to 

development of resistance to insecticides. 

Parasite morphology and life cycle. The life cycle of C. lectularius includes three stages. 

• An adult bug is an ovate dorso-ventrally flattened light brown or brown in color wingless 

insect with 3 pairs of legs and with a specific “bed-bug smell”; the body length is 5–7 mm. 

Male and female bed bugs are similar in size and morphology. Bed bugs have no appendages 

that allow them to cling to hair, fur or feathers; thus, they are rarely found on hosts. Female 

lays eggs in the environment. 

• Eggs are oval-shaped white structures, measuring 1 mm in length.  

• The nymph is a translucent or whitish-yellow in color immature bug that hatches from the 

egg and morphologically looks like a small adult bug. In five molts, the nymph undergoes 

incomplete metamorphosis and directly develops to an adult bug (no pupa stage exists).  

The life cycle of Cimex lectularius includes one host (human, birds, bats, etc.). The bugs parasitize 

humans only temporarily when they feed on human blood. The female bed bug lays approximately 

200 eggs during her life span at a rate of 1–12 eggs per day. The eggs are laid in the environment 

on rough surfaces and coated with a transparent cement to adhere them to the substrate. Within 6–

17 days, the bed bug nymphs, almost devoid of color, emerge from the eggs. Nymphs also feed on 

human blood. After five molts, which take approximately 10 weeks, the nymphs reach maturity. Adult 

bed bugs live for 6–12 months and may survive for several months without feeding. Human dwellings 

(houses, flats, hotels, etc.) are the most suitable habitats for bed bugs. Within human dwellings, the 

bed bugs prefer to live inside the furniture (beds, mattresses), in cracks and crevices in walls, behind 

the wallpaper and wood paneling, or under carpeting. The bed bugs typically feed on human hosts 

at night when hosts are asleep; however, they can feed during the day when hungry.  

Symptoms and pathology. Bed bug bites may lead to a range of skin manifestations from no 

visible effects to prominent blisters, skin rashes, and other allergic symptoms; several psychological 

effects caused by bed bug bites and sensitivity to their smell can also be observed. The most 

commonly affected areas of the human body include the legs, shoulders, back, and arms. 

Target groups. The target group for C. lectularius attacks includes all people from warm houses 

and travelers to endemic areas. Bed bugs can be transported on clothing and with luggage, bedding, 

and furniture. 

Diagnosis. Diagnosis of cimicosis is based on finding random or a line of the bed bug bites on the 

skin. Finding the bed bugs with specific "bed bug smell" in the bed also confirms the diagnosis. 
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Prevention. To prevent infection and contamination of the houses with C. lectularius, people always 

have to inspect the bed and surrounds for bed bugs hiding beneath the mattress and/or in the 

bedding when traveling. Looking for blood stains or small black dots on the bed linen and towels 

are also recommended. When returning home from potentially contaminated areas, all clothing 

should be washed in at temperatures exceeding 60°C and ironed or frozen with a temperature of –

18–20oC for not less than one week. 
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Parasitic flies 
 

General information. Parasitic flies constitute a group of flies (called botflies) which larvae (called 

maggots) parasitize the flesh of mammal hosts (skin, muscles, or connective tissues) and cause 

myiases in humans. Various species of parasitic flies from the genera Wohlfahrtia, Dermatobia, 

Chrysomya, Cochliomyia, Cordylobia, Cuterebra, etc. can parasitize humans. Most human myiases 

are transmitted from animals and considered as zoonotic diseases. Dermatobia hominis is the only 

species of parasitic flies known to parasitize humans routinely and cause anthroponotic myiasis.  

According to localization of larvae on/in human body (in open wounds, or due to invasion through 

unbroken skin, through nose, ears, lips or via food), the most common medically important myiases 

can be categorized into four main groups:  

• Cutaneous myiases are skin lesions caused by Dermatobia hominis and Wohlfahrtia 

magnifica, which cause painful, slow-developing ulcers and furuncle- or boil-like sores that 

can last for a prolonged period (several months).  

• Nasal myiases are lesions of the nasal mucosa caused by Cochliomyia hominivorax, which 

can lead to obstruction of nasal passages. Facial edema and fever can also develop; in some 

cases, the death caused by massive secondary infection of the mucosal lesions can occur. 

• Aural myiases are lesions and infections, which affects ears, and include crawling sensations 

and buzzing noises; smelly discharge is sometimes present. Aural myiases are caused by 

several species of flies (Chrysomya hominivorax, Wohlfahrtia magnifica, Chrysomya bezziana, 

Chrysomya megacephala, and Parasarcophaga crassipalpis). If larvae are located in the middle 

ear, they may get to the brain and cause death. 

• Ophthalmomyiasis is common eye lesion and infection caused by Hypoderma tarandi, 

which includes severe irritation, edema, and pain. 

Common causative agents of human myiases. Information about selected species of parasitic 

flies is given below. 

• Wohlfahrtia magnifica (also known as the "flesh fly") is the obligate parasitic fly that is 

one of the most renowned agents of myiasis in animals and humans in the Old World (South 

Europe, Central Asia, the Middle East, North Africa, and China), where it is known to attack 

humans and domestic animals (sheep, cattle, etc.). Larvae usually infect the nose and open 

wounds, including wounds after surgery; they also can infect the ears, eyes, mouth, and 

mucous membrane. Adults of W. magnifica are about 6–10 mm in length. A female lays about 

150 larvae during her life on the host body. Larvae feed for 4–10 weeks within the host's 

tissues, which are progressively destroyed. Mature larvae are up to 20 mm long. Mature larvae 

drop to the ground for pupation (they have complete metamorphosis). Adult flies emerge 

from pupae 4–12 days later. The life cycle takes 4–6 weeks to be completed. 

• Dermatobia hominis (also known as the "human botfly", "torsalo", or "American warble 

fly") is the obligate parasitic fly that causes the South American myiasis or dermatobiasis. 

Dermatobiasis is spread in Central and South America; some cases have also been reported 

in Europe. Adult flies are easily recognized because they lack the mouthparts and do not feed. 

The adult flies are 12–18 mm long and resembling the bumblebees. Larvae are up to 25 mm; 

they have a very robust body. Dermatobia fly has a very specific reproductive strategy. The 

female botfly captures the arthropod vector (a mosquito, fly or tick; totally about 40 species) 

and attaches her eggs to the vector’s body. The egg hatches while the vector is feeding on 
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mammal (human) blood, and the larva uses the bite hole as the entry point, or the egg simply 

drops off the vector when it lands on the skin. In the human body, the larvae develop inside 

the subcutaneous tissues; they feed and grow for 8 weeks. Later, the larvae leave the host 

body, molt to pupa (typically in soil) and undergo complete metamorphosis to adult botfly. 

• Chrysomya bezziana is known as the "Old World screw-worm fly", which infects livestock, 

rarely, humans. It is widely distributed in Asia, tropical Africa, India, and Papua New Guinea; 

it has also been introduced into several countries around the Persian Gulf. Adult flies are 

about 8–12 mm long; larvae are elongate and 10–12 mm long. The adult female lays her eggs 

on skin wounds, preferring wounds that are several days old. Larvae feed on living tissue of 

various warm-blooded mammals and humans burrowing deep (as deep as 15 cm) into 

pocket-like wounds; they can cause permanent tissue damage. The pupal stage lasts 

generally 8–10 days. The life cycle (with complete metamorphosis) takes at least 3 weeks. 

Infested wounds have a characteristic smell, which is attractive to flies of the same species or 

to other myiasis-producing species. In a severe case of infestation that is left untreated, death 

may occur.  

• Cochliomyia hominivorax is known as the "primary screw-worm fly" in the New World 

(Central and South America). Larvae feed on open skin wounds of warm-blooded animals 

with living healthy tissues; it is known to attack humans, especially in the nose. Because 

infestation of ears and nose provides the larvae with access to the brain, the myiasis caused 

by C. hominivorax is more dangerous than infestation with other parasitic flies. Adult flies are 

about 8–12 mm; the larva is up to 17 mm in length. Larval screw-worms embed in a wound 

and develop 3–7 days after hatching; then the larvae fall to the ground and pupate. In about 

a week, the pupae reach the adult stage. The life cycle (with complete metamorphosis) takes 

around 3 weeks. 

• Cordylobia anthropophaga (also known as the "skin maggot fly", the "tumbu fly" or 

"mango fly") is common in East and Central Africa (endemic areas). It is a parasite of large 

mammals, including humans (children are more frequently infected due to the thinness of 

their skin). Adult flies are about 10 mm in length. Female deposits eggs on soil preferably 

contaminated with urine or feces or on soiled clothing. Eggs hatch into larvae, which can 

remain infective in the soil for up to 2 weeks. Successful penetrations of the larva in the human 

skin results in furuncular (boil-like) myiasis, typically on the backs of arms, waist, lower back, 

or buttocks. Larvae reach up to 15 mm. After 8–12 days, the mature larva leaves the host, 

drops to the ground and pupates to develop the adult stage. The life cycle (with complete 

metamorphosis) takes around 5–6 weeks. 

Symptoms and pathology. The acute phase of human myiases includes a painful boil-like 

(furuncular) swelling on the skin with a prominent hole, tumor, and decayed skin; headache and/or 

secondary bacterial infections are also occurring. The chronic phase includes furuncular myiasis on 

the limbs, back, abdomen, eyes, genitalia, breast, lips, etc. 

Target groups and routes of transmission. The target group for an attack of the parasitic flies 

includes all people living or traveling in endemic regions. Most myiases are considered as zoonotic 

diseases; dermatobiasis is considered as anthroponosis. 

Diagnosis. Diagnosis of myiases is based on finding wounds or decays tumors with holes on the 

skin and presence of the larval parasite. 

Prevention. To prevent human infection with maggots of the parasitic flies, people have to protect 

themselves from attacks of these blood-sucking arthropods by wearing clothing or by using the 

insect repellents, especially in the endemic areas. 
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Arthropods as biological vectors  

of human diseases 
 

Blood-feeding arthropods are responsible for the transmission of numerous pathogens including 

bacteria, viruses, protists, and helminths. Information about selected arthropods as biological vectors 

of human diseases is given below. 

• Ixodes ricinus is a large blood-sucking tick also known as the "castor bean tick". It is 

distributed across Europe and into neighboring parts of North Africa and the Middle East; 

several medically important species from the genus Ixodes are widespread in Asia and North 

America. The Ixodes tick has three active life stages (larva, nymph, and adult); to develop from 

one stage to another, the tick has to feed on blood from a vertebrate host. Several species 

from the genus Ixodes (I. ricinus, I. persucaltus, I. scapularis, etc.) can transmit bacterial and 

viral pathogens that cause several diseases such as borreliosis (Lyme disease) and tick-borne 

encephalitis that affects the central neural system of humans. The target groups for diseases 

transmitted by the Ixodes ticks include people who are exposed to bites of ticks–vectors in 

endemic areas: campers, hikers, tourists, etc. To prevent bites of I. ricinus, people have to 

minimize their contacts with tick–vectors by using tick repellents and minimizing of amount 

of exposed skin when they are walking in woodlands, heaths, and forests. 

• Mosquitoes are a group of insects from the Family Culicidae (order Diptera). They have a 

head with long feathery antennae, large compound eyes and long needle-shaped mouthparts 

(proboscis) for sucking of liquid food like blood (females only) or nectar (males and females). 

Their slender segmented body has a pair of hairy wings and three pairs of long hair-like legs. 

Female mosquitoes suck the blood because they need proteins to develop their eggs. 

Mosquitoes undergo complete metamorphosis, with egg, larval, pupal, and adult stages. 

Larval and pupal stages can develop only in water. Mosquitoes are cosmopolitan; they are 

found worldwide, except Antarctica and a few islands in polar or subpolar regions. The saliva 

of the mosquito which is transmitted to the host with its bite can cause itching and a rash. In 

addition, many species of mosquitoes can serve as the vectors for the transmission of 

different bacterial and viral diseases such as yellow fever, Chikungunya, West Nile virus, 

dengue fever, Zika virus, several arboviruses, and parasitic diseases: malaria (Plasmodium 

spp.) and filariasis (Wuchereria bancrofti, Brugia spp., Dirofilaria spp.).  

• Midges are several unrelated genera of small mosquito-like insects from the families 

Ceratopogonidae, Psychodidae and Simuliidae. Midges have the head with long feathery 

antennae and short mouthparts (without proboscis). Their slender segmented body has a pair 

of plain wings and three pairs of long hair-like legs. Most midges are aquatic during the larval 

and pupal stages. There are over 9,800 species of midges including biting midges 

(Ceratopogonidae), sand flies (subfamily Phlebotominae of the family Psychodidae), and 

black flies (Simuliidae). Most midges feed on the blood. Midges inhabit every climatic zone 

outside permanently arid deserts and polar areas. The biting midges of the genus Culicoides 

are vectors of arboviruses and filarial worms (Mansonella spp.), that cause subcutaneous and 

body cavity mansonellosis. The sand flies are the vectors for leishmaniasis, bartonellosis and 

the pappataci fever virus. The black flies are vectors for river blindness (caused by filaria 

Onchocerca volvulus) and for mansonellosis. 
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• Blood-sucking flies belong to the Families Glossinidae, Tabanidae, and Muscidae. They 

have a head with short antennae and elongate mouthparts for sucking blood, one pair of 

wings and 3 pairs of legs. Blood-sucking flies are vectors for several parasitic diseases. For 

example, the tsetse fly (genus Glossina) is a vector of Trypanosoma brucei that causes the 

African trypanosomiasis (or sleeping sickness) in sub-Saharan Africa, the deer fly (genus 

Chrysops) is a vector for Loa loa filariasis; these flies can also transmit tularemia, anthrax, 

anaplasmosis, equine infectious anemia, hog cholera, and Lyme disease.  

• Fleas Pulex irritans (see above) can serve as a vector for a variety of bacterial and viral 

pathogens, of which the most severe disease is plague ("Black Death"), caused by bacteria 

Yersinia pestis. Fleas are also known as the vectors of typhus, which is caused by bacteria 

Rickettsia typhi and Rickettsia prowazekii in North America. 

• Lice Pediculus humanus humanus (see above) can serve as a vector for several pathogens: 

epidemic typhus caused by the bacteria Rickettsia prowazekii; trench fever is caused by the 

bacteria Bartonella quintana; relapsing fever caused by the bacteria of the genus Borrelia (also 

transmitted through the bites of soft-bodied ticks from the genus Ornithodoros). 

• Triatomine ‘kissing bug’ serves as a vector of transmission of the Chagas disease (also 

known as "American trypanosomiasis") caused by the parasitic protozoa Trypanosoma cruzi. 
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Chapter 4 

Summary Tables 
 

 

Checklist  

of selected human parasites  

Latin name Common name Name of disease(s) 

Protozoa   

Entamoeba histolytica Dysentery amoeba Amoebiasis, amoebic dysentery 

Acanthamoeba spp.1 Amoebas Acanthamoeba keratitis, 

granulomatous amebic 

encephalitis, disseminated amebic 

infection 

Naegleria fowleri Brain-eating amoeba Naegleriasis, primary amebic 

meningoencephalitis  

Balantidium coli Balantidium Balantidiasis 

Trichomonas vaginalis "Trich" Trichomoniasis 

Trypanosoma brucei African trypanosome African trypanosomiasis, sleeping 

sickness 

Trypanosoma cruzi American trypanosome Chagas disease 

Leishmania spp. Leishmania Cutaneous leishmaniasis, 

mucocutaneous leishmaniasis, 

visceral leishmaniasis, Old World 

leishmaniasis, Oriental sore, 

Baghdad or Delhi boil, kala-azar 

Giardia lamblia Giardia, Lamblia Giardiasis, lambliasis, “beaver fever” 

Babesia spp. Babesia, Piroplasma Babesiosis, piroplasmosis, tick 

fever, Texas cattle fever, redwater 

fever, Nantucket fever 

Plasmodium spp. — Malaria, blackwater fever 

Toxoplasma gondii Toxoplasma Toxoplasmosis 

Trematoda (flukes)   

Fasciola hepatica Common liver fluke, sheep 

liver fluke 

Fascioliasis 

Dicrocoelium dendriticum Lancet liver fluke, small 

liver fluke 

Dicrocoeliasis 

Opisthorchis felineus Cat liver fluke Opisthorchiasis 

Paragonimus westermani Oriental lung fluke Paragonimiasis 

Schistosoma mansoni Manson's blood fluke Schistosomiasis 

Schistosoma japonicum Blood fluke Schistosomiasis 

Schistosoma haematobium Bladder Fluke Schistosomiasis 

                                                           
1 spp. – Latin abbreviation for multiple species.  
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Checklist  

of selected human parasites  

Latin name Common name Name of disease(s) 

Cestoda (tapeworms)   

Taenia saginata Beef tapeworm, unarmed 

tapeworm 

Taeniasis 

Taenia solium Pork tapeworm, armed 

tapeworm 

Taeniasis, cysticercosis 

Hymenolepis nana Dwarf tapeworm Hymenolepiasis 

Echinococcus granulosus Dog tapeworm Cystic echinococcosis, hydatidosis 

Echinococcus multilocularis Fox tapeworm Alveolar echinococcosis 

Diphyllobothrium latum Broad tapeworm, fish 

tapeworm 

Diphyllobothriasis 

Nematoda (roundworms)   

Ascaris lumbricoides Large intestinal 

roundworm 

Ascariasis 

Enterobius vermicularis Pinworm Enterobiasis 

Trichuris trichiura Whipworm Whipworm 

Wuchereria bancrofti Filarial worm Lymphatic filariasis, elephantiasis 

Loa loa Eye worm Subcutaneous filariasis, loiasis  

Onchocerca volvulus — Subcutaneous filariasis, 

onchocerciasis, river blindness 

Mansonella spp. — Body cavity filariasis, mansonellosis 

Strongyloides stercoralis Threadworm Strongyloidiasis 

Ancylostoma duodenale Old World hookworm Ancylostomiasis 

Trichinella spiralis Pork worm Trichinellosis, trichinosis 
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Checklist  

of selected human parasites  

Latin name Common name Name of disease(s) 

Arthropoda    

Sarcoptes scabiei Itch mite Scabies 

Demodex folliculorum Face mite Demodicosis 

Ixodes ricinus Castor bean tick Vectors for Lyme disease and tick-

borne encephalitis 

Ornithodoros papillipes Soft tick Vectors for tick-borne recurrent 

encephalitis 

Pulex irritans Human flea or House flea Pulicosis; vectors for plague and 

typhus, intermediate hosts for 

cestodes Dipylidium caninum and 

Hymenolepis nana 

Pediculus h. humanus Body louse Pediculosis; vectors for epidemic 

typhus, trench fever, and relapsing 

fever 

Pediculus humanus capitis Head louse Pediculosis  

 

Pthirus pubis Crab louse Phthiriasis pubis 

Cimex lectularius Common bed bug  Cimicosis 

Dermatobia hominis  Torsalo, American warble 

fly 

Dermatobiasis, cutaneous myiasis 

Wohlfahrtia magnifica Flesh fly Cutaneous myiasis 

Cochliomyia hominivorax American screw-worm fly Nasal myiasis 

Chrysomya bezziana Old World screw-worm fly Cutaneous myiasis, nasal myiasis 

Cordylobia anthropophaga Skin maggot fly, “tumbu”, 

“mango fly 

Cutaneous myiasis 

Glossina spp. Tsetse fly  Vector for African trypanosomiasis 

Chrysops spp. Deer fly Vector for tularemia, anthrax, and 

Loa loa filariasis 

Simulium spp. Black fly Vectors for river blindness 

Culicoides spp. Midges Vectors for arboviral infection and 

body cavity filariasis 

Phlebotomus spp., 

Lutzomyia spp. 

Sandflies  Vectors for leishmaniasis, 

bartonellosis, and pappataci fever 

Blattodea Cockroaches Reservoirs and transmitters of 

salmonella, staphylococcus, 

streptococcus, arboviruses, and 

polio virus 
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Hosts  
of selected human parasites 

Parasite 
Definitive 

host(s) 

Intermediate 

host(s) 
Reservoir host(s) 

Protozoa    

Entamoeba histolytica Human — — 

Acanthamoeba spp. Human2 — — 

Naegleria fowleri Human2 — — 

Balantidium coli Human, pigs — Pigs, non-human 

primates, rodents 

Trichomonas vaginalis Human — — 

Trypanosoma brucei Human Tsetse fly Livestock and wild 

animals 

Trypanosoma cruzi Human Triatomine 

(“kissing”) bug 

Dogs, cats, pigs, wildlife 

Leishmania spp. Human Sandfly Rodents, dogs, wildlife 

Giardia intestinalis Human — Beavers, muskrats 

Babesia spp. Ticks 

 

Rodents, deer, 

cattle (human as 

"dead-end host") 

Rodents, deer, cattle, 

ticks 

Plasmodium spp. Mosquitoes  Human Primates 

Toxoplasma gondii Cats Human, rodents, 

pigs, cattle, sheep, 

birds 

Rodents, pigs, cattle, 

sheep, birds 

Trematoda (flukes)    

Fasciola hepatica Cattle, sheep, 

human 

Fresh-water snails Cattle, sheep 

Dicrocoelium dendriticum Sheep, 

human 

Land snails, ants Ruminants 

Opisthorchis felineus Fish-eating 

mammals, 

human 

Aquatic snails, 

cyprinid fishes 

Fish-eating mammals 

Paragonimus westermani Human, 

carnivores 

Aquatic snails, 

crabs, crayfishes 

Dogs, cats, pigs, wild 

carnivores 

Schistosoma mansoni Human Aquatic snails Dogs, cats, pigs, cattle, 

rodents, horses, 

primates 

Schistosoma japonicum Human Aquatic snails Water buffalo, dogs, 

cats, rats, pigs, horses, 

goats 

Schistosoma haematobium Human Aquatic snails Primates 

  

                                                           
2 Free-living organisms accidentally infecting humans. 
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Hosts  
of selected human parasites 

Parasite 
Definitive 

host(s) 

Intermediate 

host(s) 
Reservoir host(s) 

Cestoda (tapeworms)    

Taenia saginata Human Cattle Carnivore mammals 

Taenia solium Human Pigs, human Carnivore mammals, 

wild boars 

Hymenolepis nana Human, 

rodents 

Absent  or fleas Rodents 

Echinococcus granulosus Dogs, 

carnivore 

mammals 

Sheep, horses, pigs, 

camels, human (as 

"dead-end host") 

Carnivore mammals 

Echinococcus multilocularis Foxes, 

carnivore 

mammals 

Rodents, human 

(as "dead-end 

host") 

Carnivore mammals 

Diphyllobothrium latum Fish-eating 

mammals, 

human 

Copepod 

crustaceans, fishes 

Fish-eating mammals, 

large predacious fishes 

Nematoda (roundworms)    

Ascaris lumbricoides Human — — 

Enterobius vermicularis Human — — 

Trichuris trichiura Human — — 

Wuchereria bancrofti Human Mosquitoes — 

Loa loa Human Deer flies — 

Onchocerca volvulus Human Blackflies — 

Mansonella spp. Human Midges, blackflies — 

Strongyloides stercoralis Human — — 

Ancylostoma duodenale Human — — 

Trichinella spiralis Mammals3, 

human 

Pigs, rats, carnivore 

and omnivore 

mammals, human 

("dead-end host") 

Wild carnivores, 

omnivores, marine 

mammals, rats 

                                                           
3 An infected animal serves as a definitive host and potential intermediate host. 
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Infective and diagnostic stages 

of selected human parasites 

Name of parasite Infective stage Diagnostic stage 

Protozoa   

Entamoeba histolytica Cyst Cyst 

Acanthamoeba spp. Trophozoite Cyst 

Naegleria fowleri Trophozoite Cyst 

Balantidium coli Cyst Trophozoite 

Trichomonas vaginalis Trophozoite Trophozoite 

Trypanosoma brucei Trypomastigote Trypomastigote 

Trypanosoma cruzi Trypomastigote Trypomastigote 

Leishmania spp. Promastigote Amastigote (intracellular) 

Giardia lamblia Trophozoite, cyst Trophozoite, cyst 

Babesia spp. Sporozoite Trophozoite (intracellular) 

Plasmodium spp. Sporozoite Trophozoite (intracellular) 

Toxoplasma gondii Oocyst Trophozoite (intracellular) 

Trematoda (flukes)   

Fasciola hepatica Metacercaria (larva) Egg 

Dicrocoelium dendriticum Metacercaria (larva) Egg 

Opisthorchis felineus Metacercaria (larva) Egg 

Paragonimus westermani Metacercaria (larva) Egg 

Schistosoma mansoni Cercaria (larva) Egg 

Schistosoma japonicum Cercaria (larva) Egg 

Schistosoma haematobium Cercaria (larva) Egg 

Cestoda (tapeworms)   

Taenia saginata Cysticercus (larva) Egg, parts of adult worm 

Taenia solium Cysticercus (larva), egg Egg, parts of adult worm 

Hymenolepis nana Egg Egg, parts of adult worm 

Echinococcus granulosus Egg Hydatid cyst (larva) 

Echinococcus multilocularis Egg Hydatid cyst (larva) 

Diphyllobothrium latum Plerocercoid (larva) Egg, parts of adult worm 

Nematoda (roundworms)   

Ascaris lumbricoides Egg Egg 

Enterobius vermicularis Egg Egg, adult worm 

Trichuris trichiura Egg Egg 

Wuchereria bancrofti Third-stage larva (L3) Microfilaria (larva) 

Loa loa Third-stage larva (L3) Microfilaria (larva) 

Onchocerca volvulus Third-stage larva (L3) Microfilaria (larva) 

Mansonella spp. Third-stage larva (L3) Microfilaria (larva) 

Strongyloides stercoralis Third-stage larva (L3) First-stage larva (L1) 

Ancylostoma duodenale Third-stage larva (L3) Egg 

Trichinella spiralis Encysted larva Encysted larva 
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Global distribution 

of selected human parasites 

Name of parasite Distribution Estimated prevalence 

Protozoa    

Entamoeba histolytica Worldwide About 10% of the world population; up 

to 50 million people infected per year 

resulting ~100,000 deaths 

Acanthamoeba spp. Worldwide Not defined 

Naegleria fowleri Worldwide Very rare (about 300 registered cases) 

Balantidium coli Worldwide Prevalence is about 1% of the world 

human population 

Trichomonas vaginalis Worldwide Up to 500 million new cases of infection 

per year 

Trypanosoma brucei Sub-Saharan Africa 

(endemic) 

About 11,000 people are known to be 

infected per year 

Trypanosoma cruzi Latin and South 

America, USA 

About 8 million people are known to be 

infected per year 

Leishmania spp. Worldwide About 12 million infected people; up to 

2 million new cases occur each year 

Giardia intestinalis Worldwide About 280 million infected people; in 

developed countries – 7%, in 

developing countries ~ 30% of 

population 

Babesia spp. Worldwide; mostly in 

Europe, Asia and 

North America 

Up to 280 cases per 100,000 inhabitants 

in endemic areas 

Plasmodium spp. Worldwide; in 

tropical and 

subtropical regions 

of Africa, Asia and 

Latin and South 

America 

About 212 million clinical cases and 

429,000 deaths (in 2015) 

Toxoplasma gondii Worldwide About 6 billion people (>75% of the 

world population) are infected 
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Global distribution 

of selected human parasites 

Name of parasite Distribution Estimated prevalence 

Trematoda (flukes)   

Fasciola hepatica Worldwide About 2 million infected people 

Dicrocoelium dendriticum Worldwide Rare. Prevalence is not defined 

Opisthorchis felineus Old World About 1.6 million infected people 

Paragonimus westermani East Asia, Russia, 

some African 

countries, USA, 

Central and South 

America 

About 22 million people are infected; 

prevalence in endemic areas – up to 

23% 

Schistosoma mansoni Africa, the Middle 

East, the Caribbean, 

South America 

About 22 million people are infected 

Schistosoma japonicum China, Indonesia, the 

Philippines 

About 41 million people are infected 

Schistosoma haematobium Africa, the Middle 

East, France 

About 112 million people are infected 

Cestoda (tapeworms)   

Taenia saginata Worldwide Between 40 and 60 million people are 

estimated to be infected 

Taenia solium Worldwide About 50 million people are estimated 

to be infected 

Hymenolepis nana Worldwide About 50–75 million carriers with a 

prevalence of 5 to 25% (up to 50% 

children of 1–4 years old in endemic 

areas) 

Echinococcus granulosus Worldwide Up to 50 cases per 100 000 persons per 

year in endemic areas; prevalence up to 

5–10% 

Echinococcus multilocularis Northern 

hemisphere 

Rare. Ranges from 0.03–1.2 cases per 

100,000 inhabitants per year in endemic 

areas 

Diphyllobothrium latum Worldwide About 20 million people are estimated 

to be infected; prevalence is locally 

common (Finland ~ 25%, Japan ~ 70%) 

  



114 
 

Global distribution 

of selected human parasites 

Name of parasite Distribution Estimated prevalence 

Nematoda (roundworms)   

Ascaris lumbricoides Worldwide About 1 billion people (> 20% of the 

world human population) are infected 

Enterobius vermicularis Worldwide About 200 million people are infected. 

In primary schools or pre-schools, the 

prevalence of enterobiasis can reach 

50% 

Trichuris trichiura Worldwide Approximately 600 to 800 million 

people are infected 

Wuchereria bancrofti Asia, Africa, South 

America 

About 120 million people are infected 

Loa loa Africa About 14 million people are infected 

Onchocerca volvulus Africa, Central and 

South America 

About 25 million people are infected 

Mansonella spp. Africa, Central and 

South America 

About 114 million people are infected 

Strongyloides stercoralis Worldwide About 100 million people are infected. 

Prevalence – 10% to 40% in tropical and 

subtropical countries 

Ancylostoma duodenale Worldwide About 1 billion people are estimated to 

be infected 

Trichinella spiralis Worldwide Not common. More than 10,000 human 

cases per year; a death rate is about 

0.2% 

Arthropoda   

Sarcoptes scabiei Worldwide About 300 million cases occur each 

year; about 1–10% of the population is 

infected; in certain populations, the 

infection rate up to 50–80% 

Demodex folliculorum Worldwide Very common 

Pediculus h. humanus Worldwide About 500 million cases occur each 

year. About 20–60% of the population 

is infected in developing countries 

Pediculus humanus  

capitis 

Worldwide About 500 million cases occur each 

year. Prevalence is up to 60% in 

developing countries 

Pthirus pubis Worldwide Prevalence is approximately estimated 

at 2% of the human population 

Dermatobia hominis Central and South 

America; southern 

Europe (rare) 

Not defined. Several thousand human 

cases per year 

Wohlfahrtia magnifica Old World Not defined 
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Chapter 5 

Identification Keys  

of Human Parasites 
 

Protozoa 
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Helminths (miscellaneous) 
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Trematoda (flukes) 

 

 

 

Cestoda (tapeworms) 
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Part 2 

Exercises



119 
 

Chapter 6 

Training tests 
 

 

Protozoa 
 

True or false 
 

1.   All Protozoa are parasitic organisms. 

2.   Acanthamoeba histolytica lives inside a human cell. 

3.   Mosquito is the only vector of human leishmaniasis. 

4.   Entamoeba histolytica is an anaerobic parasite that causes amoebic dysentery. 

5.   Leishmania amastigotes live inside human macrophages. 

6.   Trypanosoma brucei is an intracellular blood parasite. 

7.   Trichomoniasis is a sexually transmitted infection that is very rare in human. 

8.   Mosquito is an intermediate host of Plasmodium parasite. 

9.   Congenital toxoplasmosis occurs in fetuses infected with Toxoplasma vaginalis. 

10.   The feces of a ‘kissing bug’ may transmit American trypanosomiasis. 

 

Matching   

Match the following terms to the description below 

 1.  Amastigote A.  Dormant stage of Entamoeba histolytica 

 2.  “Star-like” cyst B.  Metabolically active growth stage of the Protozoa 

 3.  Trophozoite C.  Vector of leishmaniasis 

 4.  Sandfly D.  Certain phase in the life cycle of some flagellates 

 5.  “Kissing bug” E.  Dormant stage of Giardia lamblia 

 6.  Kinetoplast F.  Modified mitochondrion 

 7.  Flagella G.  Vector of Chagas disease 

 8.  Cilia H.  Motile organelles of Trichomonas vaginalis 

 9.  Tetranucleated cyst I.  Dormant stage of Acanthamoeba 

 10.  "Face-like" cyst J.  Motile organelles of Balantidium coli 

 

Multiple choices 

1. An organism which harbors the mature, or sexually reproducing stage of the parasite is: 

a) definitive host;  

b) intermediate host;  

c) accidental host;  

d) reservoir host;  

e) vector. 

2. An organism which transmits a parasitic organism from one host to another is: 

a) definitive host;  



120 
 

b) intermediate host;  

c) accidental host;  

d) reservoir host;  

e) vector. 

3. A host that can harbor a parasite but is not the normal host for that parasite species: 

a) definitive host;  

b) intermediate host;  

c) accidental host;  

d) reservoir host;  

e) vector. 

4. A parasite that lives principally in the digestive tracts of humans: 

a) Toxoplasma gondii; 

b) Entamoeba histolytica; 

c) Giardia lamblia;  

d) Leishmania tropica; 

e) Trypanosoma brucei. 

5. The principal vector of transmission of the sleeping sickness is: 

a) mosquito; 

b) mite; 

c) “kissing bug”; 

d) tsetse fly;  

e) sandfly. 

6. The causative agent of the Chagas disease is: 

a) Trypanosoma brucei;  

b) Trypanosoma cruzi;  

c) Leishmania tropica; 

d) Toxoplasma gondii; 

e) Plasmodium vivax. 

7. The malaria parasite Plasmodium falciparum invades human cells: 

a) epithelial cells of the skin; 

b) muscle cells; 

c) hepatocytes;  

d) red blood cells; 

e) white blood cells.  

8. A parasite that lives in the human blood and lymph: 

a) Plasmodium falciparum; 

b) Entamoeba histolytica; 

c) Toxoplasma gondii;  

d) Leishmania tropica; 

e) Trypanosoma brucei. 

9. The causative agent of sleeping sickness is: 

a) Trypanosoma brucei;  

b) Trypanosoma cruzi;  

c) Leishmania tropica; 

d) Toxoplasma gondii; 

e) Trichomonas vaginalis. 

10. A parasite that can invade the central nervous system of human: 
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a) Plasmodium falciparum; 

b) Entamoeba histolytica; 

c) Toxoplasma gondii;  

d) Leishmania tropica; 

e) Trypanosoma brucei. 

 

 

Word search 

Identify the term described 

1.  Dormant form of a protozoan ______________ 

2.  Life cycle stage of Plasmodium that is infective for the intermediate host ______________ 

3.  Any group of parasitic organisms that live inside a host body ______________ 

4.  Any organism that transmits a disease causative agents to new host ______________ 

5.  Eye disease caused by Acanthamoeba ______________ 

6.  Metabolically active form of Protozoa ______________ 

7.  Non-motile parasitic form in the life cycle of some flagellates______________ 

8.  A disease caused by a flagellate Trichomonas vaginalis ______________ 

9.  A disease caused by a apicomplexan Toxoplasma gondii ______________ 

10.  A disease caused by a flagellate Giardia lamblia ______________ 

  

Double puzzle 

Unscramble the list of clue words. Copy the letters in the numbered cells into other cells with the 

same number. 

 

OEHTIORZTPO              
   14  10      1   

POSNMRYATAO              
 17  16           
OMHRITONACS               
 3  18        12   
SINAHAEMIL              
 15 7      2      
MOHAENABACAT              
  19         8 4  

MASDPMIULO              
      6    5    

IAMRALA              
  20     9       

PSOMSALOXISOT              
 13           11  

              
              
              

                     
1 2 3 4 5 6 7 8 9  10 11 12 13 14 15 16 17 18 19 20 
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Trematoda 
 

True or false 

1.   Liver flukes are principally parasites of the liver of humans. 

2.   Trematodes have a complex life cycle involving two or more intermediate hosts. 

3.   Eggs of Fasciola hepatica release larvae that are infective to a freshwater snail.  

4.   Flukes lack a body cavity. 

5.   Asexual reproduction of flukes undergoes in an intermediate host. 

6.   Sexual reproduction of flukes undergoes in an intermediate host. 

7.   The cercariae are larval stages of flukes adapted for dispersal in the environment. 

8.   Schistosoma infects humans by direct penetration through the skin. 

9.   Paragonimiasis is a food-borne zoonotic trematodiasis. 

10.   Dicrocoeliasis is a very common parasitic disease in humans. 

 

Matching  

Match the following terms to the description below 

 1.  Cercaria A.  Intermediate host of the lung fluke 

 2.  Crayfish B.  Cap-like cover of the eggs of certain flukes 

 3.  Freshwater snail C.  Intermediate host of Fasciola hepatica 

 4.  Freshwater fish D.  Encysted and resting larval form of the fluke 

 5.  Metacercaria E.  Free-living ciliate form of the fluke 

 6.  Hermaphrodite F.  Schistosoma haematobium 

 7.  Miracidium G.  Opisthorchis felineus 

 8.  Dioecious fluke H.  Motile larval form of the flukes 

 9.  Operculum I.  Paragonimus westermani 

 10.  Lung fluke J.  Intermediate host of Opisthorchis felineus 

 

Multiple choices 

1. An organism which harbors the asexually reproducing stage of the lung fluke is: 

a) human;  

b) cat;  

c) crayfish;  

d) fish;  

e) snail. 

2. Which of the following animals is the second intermediate host for Fasciola hepatica: 

a) snail;  

b) fish;  

c) crayfish;  

d) ant;  

e) none of them (F. hepatica has only one intermediate host in its life cycle). 

3. An infective stage of Opisthorchis felineus for a human is: 

a) encysted metacercaria in water;  

b) metacercaria in a fish;  
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c) metacercaria in a crayfish; 

d) miracidium in water; 

e) metacercaria in an ant. 

4. A parasite that lives in the lungs of human is: 

a) Schistosoma mansoni; 

b) Opisthorchis felineus; 

c) Paragonimus westermani;  

d) Dicrocoelium dendriticum; 

e) Schistosoma haematobium. 

5. The principal mode of transmission of schistosomiasis is: 

a) water-born; 

b) food-born; 

c) vector-born; 

d) air-born;  

e) through sexual intercourse. 

6. Which of the following animals is the intermediate host for Opisthorchis felineus: 

a) land snail;  

b) cat;  

c) crab;  

d) fish;  

e) freshwater snail. 

7. A parasite that lives in the circulatory system of humans is: 

a) Schistosoma mansoni; 

b) Opisthorchis felineus; 

c) Paragonimus westermani;  

d) Dicrocoelium dendriticum; 

e) Schistosoma haematobium. 

8. Which of the following diseases can be diagnosed by finding the characteristic eggs in the stool 

samples or duodenal fluid: 

a) fascioliasis; 

b) opisthorchiasis; 

c) dicrocoeliasis;  

d) paragonimiasis; 

e) schistosomiasis.  

9. Which of the following diseases can be diagnosed by finding the characteristic eggs in the 

sputum: 

a) fascioliasis; 

b) opisthorchiasis; 

c) dicrocoeliasis;  

d) paragonimiasis; 

e) schistosomiasis.  

10. Which of the following diseases can be diagnosed by finding the characteristic eggs in the urine: 

a) fascioliasis; 

b) opisthorchiasis; 

c) dicrocoeliasis;  

d) paragonimiasis; 

e) schistosomiasis.  
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Word search 

Identify the term described 

1.  Life cycle stage of the blood fluke that is infectious to humans ______________ 

2.  Life cycle stage of Fasciola hepatica that is infectious to the definitive host ______________ 

3.  Life cycle stage of the lung fluke that is infectious to the second intermediate host __________ 

4.  The adult Schistosoma haematobium inhabit vesical veins of the ______________ 

5.  The metacercariae of Dicrocoelium dendriticum are always found in ______________ 

6.  An animal in which asexual reproduction of Opisthorchis felineus occurs ______________ 

7.  The life cycle stage of the flukes that cause "swimmer's itch" is ______________ 

8.  The second intermediate host of Schistosoma haematobium is ______________ 

9.  A larval stage of Fasciola hepatica that hatch of the egg pushing out operculum is ___________ 

10.  Trematodiasis which may be misdiagnosed as tuberculosis is ______________ 

 

Double puzzle 

Unscramble each of the clue words. Copy the letter with the numbered cells to other cells with the 

same number. 

 

LAASFICO           
   5 2  9        

CAIMIMRUID            
      4  16  19    
RCRAECAI           
 17    11   12      
NURAPSAOGIM            
 13      15    1   

DOMAETART            
    10  6 7       

LUFKE            
   18           

PHCIRTOSIHOS             
 14     3      8  

              
              
              

            J         
1 2 3 4 5 6 7 8 9 10 11   12 13 14 15 16 17 18 19 
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Cestoda 
 

True or false 
 

1.   Cestodes lack a body cavity, digestive and nervous systems. 

2.   Most cestodes have a complex life cycle involving one or more intermediate hosts. 

3.   Cestodes are exclusively hermaphrodites. 

4.   Transmission of Diphyllobothrium occurs through consumption of raw pork. 

5.   The strobila always consists of a row of proglottids. 

6.   Eggs of cestodes are infective to the proper intermediate hosts. 

7.   Hymenolepiasis is a parasitic disease of humans in pork-eating communities  

8.   Oncosphera is the larval form of a tapeworm developed from the egg. 

9.   Taeniasis caused by Taenia saginata is a food-borne anthropozoonotic disease. 

10.   Nutrients are absorbed directly through the body surface of cestodes. 

 

Matching   

Match the following terms to the description below 

 1.  Scolex A.  “Head” body region of an adult tapeworm 

 2.  Strobila B.  Larva of Echinococcus worm 

 3.  Proglottid C.  Intermediate host of Taenia solium 

 4.  Hydatid cyst D.  Definitive host of Taenia solium 

 5.  Protoscolex E.  Intermediate host of Diphyllobothrium latum 

 6.  Cysticercus F.  Larva of Taenia worm 

 7.  Pig G.  Definitive host of Echinococcus multilocularis 

 8.  Fox H.  Body region of larval tapeworm with attachment devices 

 9.  Human I.  Segmented body region of a tapeworm 

 10.  Fish J.  Segment of a tapeworm 

 

Multiple choices 
 

1. Which of the following animals can serve as the definitive host for Hymenolepis nana: 

a) dog;  

b) sheep;  

c) rat;  

d) pig;  

e) cat. 

2. Which of the following animals can serve as the intermediate host for Diphyllobothrium latum: 

a) copepod;  

b) fish;  

c) rat;  

d) sheep;  

e) cat. 

3. Route of transmission of Hymenolepis nana for a human is: 

a) ingestion of eggs in contaminated water;  
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b) ingestion of eggs in contaminated food;  

c) ingestion of pork that is infected with larva; 

d) ingestion of beef that is infected with larva; 

e) ingestion of mature proglottid in contaminated food or water. 

4. Cystic echinococcosis is caused by: 

a) the larval stage of Echinococcus granulosus; 

b) the larval stage of Echinococcus multilocularis; 

c) the adult stage of Echinococcus granulosus;  

d) the adult stage of Echinococcus multilocularis; 

e) any life cycle stage of any Echinococcus tapeworms. 

5. Scolex with four suckers and hooks on rostellum is characteristic for:  

a) Taenia solium; 

b) Taenia saginata; 

c) Echinococcus granulosus;  

d) Diphyllobothrium latum; 

e) Hymenolepis nana. 

6. Which of the following animals is principally an intermediate host for Echinococcus granulosus: 

a) rat;  

b) cat;  

c) dog;  

d) fox;  

e) sheep. 

7. Which of the following tapeworm species cannot be diagnosed by finding the characteristic 

proglottids in the stool: 

a) Taenia solium; 

b) Taenia saginata; 

c) Echinococcus granulosus;  

d) Echinococcus multilocularis; 

e) Hymenolepis nana. 

8. Which of the following diseases can be diagnosed by finding the characteristic eggs in the stool: 

a) taeniasis; 

b) neurocysticercosis; 

c) echinococcosis;  

d) diphyllobothriasis; 

e) hymenolepiasis.  

9. Which of the following diseases can be diagnosed by an intestinal endoscopy: 

a) taeniasis; 

b) neurocysticercosis; 

c) echinococcosis;  

d) diphyllobothriasis; 

e) hymenolepiasis.  

10. Which of the following tapeworm species cannot be diagnosed by finding the characteristic eggs 

in the stool: 

a) Taenia solium; 

b) Taenia saginata; 

c) Echinococcus granulosus;  

d) Echinococcus multilocularis; 
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e) Hymenolepis nana. 

 

Word search 

Identify the term described 

1.  Life cycle stage of Echinococcus granulosus that is infectious to humans ______________ 

2.  Life cycle stage of Taenia saginata that is infectious to humans ______________ 

3.  Life cycle stage of Hymenolepis nana that is infectious to humans ______________ 

4.  The definitive host of Taenia solium is ______________ 

5.  Neurocysticercosis is a parasitic disease which is caused by ______________ 

6.  The mature hydatid cyst of Echinococcus contain numerous ______________ 

7.  Alveolar echinococcosis is caused by the tapeworm species ______________ 

8.  Taeniasis is caused by  ______________ 

9.  A larval stage of a tapeworm that hatch from the egg is ______________ 

10.  A tapeworm species that may cause vitamin B12 deficiency anemia in humans ______________ 

 

Double puzzle 

Unscramble the list of clue words. Copy the letters in the numbered cells into other cells with the 

same number. 

 

TOSOXECPLOR              
  21     2  14     
ETCSYNIUSCORIOCSRE                   
  1 11       4     6  16 

ARWTMEOP           
 15     8  13      
XESOCL       
 23 9  17          

CISCECOSHONOCI               
  7 3   18 10       

SOTECAD              
 19  12           

NAISIESAT          

  20  5 22         

              
              
              

                           
1 2 3 4 5 6 7 8 9 10 11 12  13 11 14 15 16 17 18 19 11 17 20 21 22 23 
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Nematoda 
 

True or false 
 

1.   Roundworms have a body cavity (pseudocoelom). 

2.   In roundworms, males are smaller than females. 

3.   Nematodes have cuticle and molt. 

4.   Nematodes reproduce sexually only. 

5.   Roundworms have not a respiratory system. 

6.   Most nematodes are free-living organisms. 

7.   Roundworms have a complete digestive system with both mouth and anus. 

8.   Strongyloides stercoralis causes a water-borne zoonotic disease. 

9.   Ancylostoma duodenale causes a soil-borne zoonotic disease. 

10.   Trichinosis is food-born anthroponotic helminthiasis. 

 

Matching 

Match the following terms to the description below 

 1.  Cuticle A.  Vector of some nematodes 

 2.  Pseudocoelom B.  Body cavity in nematodes 

 3.  Human C.  The only host of Trichuris trichiura 

 4.  Pinworm  D.  Host of Trichinella spiralis 

 5.  Mosquito E.  Larval stage of filarial worms 

 6.  Microfilaria F.  Roundworm species Enterobius vermicularis 

 7.  Wild boar  G.  Non-cellular outer layer of the integument 

 8.  Larva migrans H.  Clinical feature of acute trichinosis 

 9.  Larva currens I.  A skin disease caused by migration of a hookworm larva 

 10.  Facial edema J.  A skin disease caused by migration of a threadworm larva 

 

Multiple choices 
 

1. Which of the following roundworms is classified as a soil-transmitted helminth: 

a) Ascaris lumbricoides; 

b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Ancylostoma duodenale; 

e) Loa loa. 

2. Which of the following roundworms cause vector-borne helminthiasis: 

a) Ascaris lumbricoides; 

b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Ancylostoma duodenale; 

e) Loa loa. 

3. Which of the following roundworms can be diagnosed by a muscle biopsy: 
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a) Ascaris lumbricoides; 

b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Ancylostoma duodenale; 

e) Loa loa. 

4. Which of the following roundworms can be diagnosed by direct observation of the worms in 

stool samples: 

a) Ascaris lumbricoides; 

b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Strongyloides stercoralis; 

e) filarial worms. 

5. Children are the main risk group for:  

a) whipworm infection; 

b) pinworm infection; 

c) Old World hookworm infection;  

d) threadworm infection; 

e) large intestinal roundworm infection. 

6. Which of the following roundworms does not leave the host body: 

a) Ascaris lumbricoides; 

b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Ancylostoma duodenale; 

e) filarial worms. 

7. Which of the following hookworm stages is infective to humans: 

a) egg; 

b) first-stage larva; 

c) second-stage larva;  

d) third-stage larva; 

e) adult worm. 

8. Which of the following infections can usually be diagnosed by finding the characteristic eggs in 

the stool samples: 

a) large intestinal roundworm; 

b) pinworm; 

c) whipworm;  

d) Old World hookworm; 

e) filarial worm.  

9. Which of the following roundworm species migrates through the human lungs during its life 

cycle: 

a) large intestinal roundworm; 

b) pinworm; 

c) whipworm;  

d) Old World hookworm; 

e) pork worm.  

10. Which of the following roundworm species cannot be diagnosed by finding the characteristic 

eggs in the stool: 

a) Ascaris lumbricoides; 
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b) Trichinella spiralis; 

c) Trichuris trichiura;  

d) Ancylostoma duodenale; 

e) filarial worm. 

 

Word search 

Identify the term described 

1.  Life cycle stage of Ancylostoma duodenale that is infectious to humans ______________ 

2.  Life cycle stage of Trichinella spiralis that is infectious to humans ______________ 

3.  Life cycle stage of filarial worms that is infectious to humans ______________ 

4.  Ingestion of undercooked wild boar meat may cause roundworm infection with ______________ 

5.  Severe swelling of person's body parts due to filarial worms infection is ______________ 

6.  Roundworm that lives in the muscle cells of its host ______________ 

7.  Wuchereria bancrofti is transferred to its host by an insect vector ______________ 

8.  The tape test is a chip method used to diagnose a roundworm infection ______________ 

9.  Roundworm infection that cause perianal itching, principally in children ______________ 

10.  Roundworm infection that cause anemia in humans ______________ 

 

Double puzzle 

Unscramble the list of clue words. Copy the letters in the numbered cells into other cells with the 

same number. 

 

IWMPORHW           
   6    5       

ROHKOMOW           
       11 10      
NRUSMODORW            
   9  16     7    
IHSONISRTCI              
    3     2  18   
CTIHLENALRI SIRSALPI                     
    13    17   1       8  

LIAFARIOMRCI              
     14  15     4  

MPORINW              
  12            

              
   

 
           

           B         
1 2 3 4 5 6 7  8 9 10  11 12 13 14 15 16 17 18  
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Arthropoda 
 

True or false 

 

1.   Mosquito female needs to ingest a blood meal to produce eggs. 

2.   Ticks need to ingest a blood meal to transform to their next stage of development. 

3.   Only blood-feeding arthropods may transmit parasites.  

4.   Larvae of blood-sucking mosquitoes live in the water. 

5.   All arthropods have a cuticle and molt. 

6.   Cockroaches are biological vectors for some human helminths. 

7.   Insects have three pairs of legs, whereas ticks have four pairs of legs. 

8.   Both mites and ticks are arachnids. 

9.   Human demodicosis is usually caused by a mite Demodex folliculorum. 

10.   Scabies is an insect-borne anthropozoonotic disease. 

 

Matching 

Match the following terms to the description below 

 1.  Mosquito A.  Causative agent of scabies  

 2.  Ixodes B.  Carrier that is required for the parasite life cycle  

 3.  Demodex C.  Flea  

 4.  Mechanical vector D.  Life stage of insects with a complete metamorphosis 

 5.  Biological vector E.  Immature form of a tick 

 6.  Pupa F.  Louse  

 7.  Nymph G.  Acarine organism that does not feed on human blood 

 8.  Sarcoptes H.  Vector of some nematodes  

 9.  Pediculus I.  Carrier that is not required for the parasite life cycle 

 10.  Pulex J.  Blood-sucking acarine organism  

 

Multiple choices 

 

1. Which of the following human diseases is transmitted by ticks: 

a) Lyme disease; 

b) tularemia; 

c) babesiosis (=piroplasmosis);  

d) malaria; 

e) Chagas disease. 

2. Which of the following human diseases is transmitted by mosquitoes: 

a) Lyme disease; 

b) tularemia; 

c) babesiosis (=piroplasmosis);  

d) malaria; 

e) Chagas disease. 
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3. Which of the following human diseases is transmitted by a ‘kissing bug’: 

a) Lyme disease; 

b) tularemia; 

c) babesiosis (=piroplasmosis);  

d) malaria; 

e) Chagas disease. 

4. Trypanosomiasis is transmitted to man and animals by: 

a) mosquito from the family Culicidae; 

b) tsetse fly of the genus Glossina; 

c) tick from the family Ixodidae;  

d) “kissing bug” from the subfamily Triatominae; 

e) phlebotomine sandfly. 

5. Leishmaniasis is transmitted to man and animals by: 

a) mosquito from the family Culicidae; 

b) tsetse fly of the genus Glossina; 

c) tick from the family Ixodidae;  

d) “kissing bug” from the subfamily Triatominae; 

e) phlebotomine sandfly. 

6. Lymphatic filariasis is transmitted by: 

a) mosquito from the family Culicidae; 

b) tsetse fly of the genus Glossina; 

c) tick from the family Ixodidae;  

d) “kissing bug” from the subfamily Triatominae; 

e) phlebotomine sandfly. 

7. Scabies is a contagious skin infestation by: 

a) Pulex; 

b) Sarcoptes; 

c) Ixodes;  

d) Pediculus; 

e) Phthirus. 

8. Plaque is generally spread by: 

a) ticks; 

b) mites; 

c) lice;  

d) fleas; 

e) mosquitoes.  

9. Which of the following chemicals can be applied to prevent Lyme disease: 

a) pesticide; 

b) repellent; 

c) antidepressant;  

d) anthelmintic; 

e) steroid.  

10. Which of the following human infections is not caused by an insect: 

a) pulicosis; 

b) demodicosis; 

c) pediculosis;  

d) myiasis; 
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e) scabies. 

 

Word search 

Identify the term described 

1.  Dormant life cycle stage of a flea that is followed by an adult stage ______________ 

2.  Feeding life cycle stage of a blood-sucking mosquito that lives in water ______________ 

3.  Larval stage of a tick ______________ 

4.  Infestation of the human body caused by Wohlfahrtia fly is ______________ 

5.  Arthropod vector for the West Nile fever ______________ 

6.  Vector for the relapsing fever ______________ 

7.  Lice infestation of any part of the human body is ______________ 

8.  Mites that are considered as part of normal fauna of the human skin ______________ 

9.  Sarcoptes infection of the skin is ______________ 

10.  Cutaneous disease caused by Demodex mites is ______________ 

 

Double puzzle 

Unscramble the list of clue words. Copy the letters in the numbered cells into other cells with the 

same number. 

 

ETESST YFL             
   7 8          

NFYLASD          
 14     6        
NUHMA OSEUL              
  13  11     9     
EMDOXED           
   3    5       
ESOSOUQIMT            
      2   4     

CERTOV          
   1   12        

ALEF           
  10            
 
 
 

             

                 
1 2 3 4 5  6 7 1 8 9 10 11 12 2 13 14     
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Chapter 7 

Clinical cases 

 
How to analyze a clinical case test?  

 

We begin this chapter with a discussion on general strategies of solving clinical cases. This strategy 

includes two main points. First, all necessary information (called “key information”) has to be 

extracted from the text of the clinical case history. Second, a student has to analyze this information 

systematically in order to find the most specific traits of the parasite infection.  

The key information can be arranged according to the following categories: 

1. Target group of patients.  

2. Route of infection. 

3. Symptoms. 

4. Localization of symptoms/parasite. 

5. Morphology of the parasite/stage found during the diagnostic procedure. 

Target group. Certain human populations can be exposed to certain parasitic infections. That is 

why the students have to identify specific clinical signs belonging to the patient and categorized 

by:  

1. Age and gender (children, adults, elder people, male or female); 

2. Health status of the patient (healthy or with a compromised immune system due to diabetes, 

HIV, transplantation of organ, blood transfusion, etc.); 

3. Geographic locality (important for the diagnosis of endemic diseases);  

4. Sexual behavior (important for the diagnosis of sexually transmitted diseases);  

5. Socio-cultural features (for example, certain preferences in food, in agricultural and 

production activities, etc.). 

Route of infection. The way and method of possible transmission of the infection may provide 

important information about certain groups of parasitoses (food-borne disease, water-borne 

disease, soil-borne disease, vector-borne disease, sexually transmitted disease, etc.). Please, see 

“transmission-related” terms in the glossary for a detailed categorization of parasitic diseases.  

Symptoms. There are two categories of symptoms:  

1. General symptoms (weakness, nausea, fever, etc.) that can be caused by general intoxication 

of the patient and may accompany several diseases; general symptoms are not very useful 

for a parasitological diagnosis in many cases.  

2. Specific symptoms (specific types of anemia or body swelling, specific skin manifestations, 

etc.), which are most useful in the differential diagnosis of a certain type of infection. 

Localization of symptoms/parasite. Localization of symptoms usually is related to localization 

of parasite in or on the human body (in the intestine, liver, on/under the skin, in the central nervous 

system or bloodstream, etc.). This information is useful for choosing the diagnostic procedure to 

detect parasites. For example, intestinal symptoms usually followed by an examination of stool 

samples for eggs or cysts of several intestinal parasites; intracellular parasites found in blood or 

tissue samples are always protozoans; respiratory disorders usually caused by lung parasites or by 

migrating larvae. 
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Morphology of the parasite/stage on the peculiar diagnostic procedure, as a rule, provides the 

most useful information for identification of the parasite. Therefore, students have to pay special 

attention to structural peculiarities, size, and color of the parasite stages found during the 

diagnostic procedure. 

 

A student must look for the key information from all possible categories listed above to 

analyze the clinical case tests. It should be noted that information for some of these categories 

might not be available in the case history. In spite of that, the information given in the Clinical Case 

Tests is usually enough to diagnose a parasitic disease or to identify a parasite. Below there is the 

exemplary case, followed by a discussion on how to apply this strategy and how to find an approach 

to determine a parasite or parasitosis from the clinical case.  

 

Exemplary clinical case:  

A 37-year-old woman with complaints of loose stools (3–4 episodes per day) was hospitalized. 

Physical examination revealed headache, weakness, fever, mild abdominal pain for one week. A 

stool sample from the patient was watery and contained mucus and blood. Motile ciliated 

trophozoites about 65 µm in length and 30 µm in width were revealed in freshly passed feces. What 

disease can be suspected?  

A. Balantidiasis  

B. Amoebiasis   

C. Toxoplasmosis  

D. Malaria 

E. Acanthamoeba keratitis 

 

Let us look for the following key information: 

1. Target group and route of infection: We have no specific information on this category, 

except for the age and gender of the patient (37-year-old woman).  

2. Symptoms: General symptoms resulted from intoxication caused by a parasite (headache, 

weakness, fever). Specific symptoms are typical for intestinal infections (abdominal pain, loose 

stool, watery feces with mucus and blood). Remember, that most of the attention has to be paid 

to specific symptoms. 

3. Localization of symptoms/parasite: Localization of symptoms indicates the intestinal 

infection. Moreover, we can also assume an infection of the large intestine because of the 

presence of watery stool.  

4. Morphology of the parasite stage: Patient’s feces contained motile ciliated trophozoites 

about 65 µm in length and 30 µm in width. The only parasitic protozoan possesses cilia is 

Balantidium coli.  

Answer: The correct answer is ‘A. Balantidiasis’. 
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Clinical case tests 

Underline key information in the case history and circle the only correct answer or the most likely 

answer. 

 

 

 

Protozoa  
 

Case 1. A 25-year-old woman was referred to a public health clinic because of contacting a person 

with gonorrhea. She has no symptoms. The pelvic examination demonstrated a white vaginal 

discharge. Examination of a wet mount of the vaginal discharge revealed the presence of a flagellate 

protozoan 7 to 23 μm in size, with characteristic jerky motility. What organism did the wet 

preparation demonstrate?  

A. Balantidium coli  

B. Entamoeba histolytica 

C. Toxoplasma gondii  

D. Trichomonas vaginalis 

E. Giardia lamblia 

Case 2. A 5-year-old girl referred to the pediatric gastroenterology clinic with a 6-week history of 

diarrhea. Her diarrhea was characterized as green and often watery. Although potty-trained, she 

was occasionally incontinent of feces. The patient does not have symptoms of fatigue and malaise. 

A unicellular organism with ‘a face-like appearance’ was seen in fecal specimens. What is the 

organism causing this patient’s diarrhea?  

A. Balantidium coli  

B. Entamoeba histolytica 

C. Toxoplasma gondii  

D. Trichomonas vaginalis 

E. Giardia lamblia 

Case 3. A 20-year-old Mexican man presented to the walk-in clinic complaining of a 5-day history 

of severe right-sided flank and right upper quadrant pain that was more severe on inspiration. He 

stated that the pain came on suddenly and got much worse over the last few days prior to 

presentation. Computed tomography of his abdomen showed a ring-enhancing liver abscess that 

on admission was 2.8 by 2.6 cm. Two days later the lesion had grown to 4 by 3.5 cm. What parasite 

is likely to cause this type of lesion?  

A. Balantidium coli  

B. Entamoeba histolytica 

C. Acanthamoeba sp.  

D. Trichomonas vaginalis 

E. Giardia lamblia 
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Case 4. A 20-year-old soldier from the southeastern region of Turkey was admitted to a hospital 

with a 5-day history of intermittent (discontinuous) and high-grade fevers with chills and with 

sudden onset of right upper abdominal pain radiating to the left shoulder. Physical examination 

revealed diffuse abdominal tenderness. An abdominal ultrasound scan showed an enlarged, spleen. 

Intracellular parasites with a ring form were observed in peripheral blood smears. What parasitic 

agent is most likely to cause the lesions seen in this patient?  

A. Plasmodium vivax  

B. Entamoeba histolytica 

C. Toxoplasma gondii  

D. Trypanosoma cruzi 

E. Leishmania donovani 

Case 5. A 50-year-old male patient from Sicilia (Italy) was admitted to a hospital following a 

dramatic weight loss. Ultrasound investigation of the abdomen revealed enlarged spleen and liver. 

A bone marrow biopsy showed aggregations of phagocytic cells, each containing numerous 

intracellular structures in the form of round cytoplasmic inclusions 1–5 micrometers long by 1–2 

micrometers wide. What is the organism causing the type of infection seen in this patient?  

A. Plasmodium vivax  

B. Toxoplasma gondii 

C. Leishmania sp.  

D. Babesia sp. 

E. Trypanosoma brucei 

 
Trematoda (flukes) 
Case 1. A 29-year-old pregnant woman visited the antenatal unit of one of the health centers in 

Russia with complaints of abdominal discomfort and passage of watery stool 3 days prior to her 

visit. These symptoms were also accompanied by headaches, vomiting, and fever. Examination of 

her stool sample revealed the presence of five eggs, which had a size of 26 to 30 μm by 15 to 17 

μm; they were ovoid, yellowish in color and operculated at one end with a small knob at the 

opposite end. What organism did the wet preparation demonstrate?  

A. Opisthorchis felineus  

B. Dicrocoelium dendriticum 

C. Fasciola hepatica 

D. Paragonimus westermani 

E. Schistosoma haematobium 

Case 2. A 25-year-old woman from Ghana now a resident in Athens presented with pain in the left 

lumbar and abdominal regions. Ultrasonic investigation of the abdomen and genitourinary tract 

showed thickening of the bladder. Computer tomography of the abdomen and genitourinary tract 

revealed calcification occupying the entire bladder wall and left ureter, and minor thickening and 

mild dilatation of the left ureter. The patient has a history of exposure to contaminated river water 

during childhood. What is the organism causing the lesions seen in this patient?   

A. Opisthorchis felineus  

B. Schistosoma mansoni 

C. Fasciola hepatica 

D. Paragonimus westermani 

E. Schistosoma haematobium 



138 
 

Case 3. An 18-year-old man presented with a 1-month history of headache, fatigue, dyspnea on 

exertion, and weight loss. Two months prior to hospital admission, after ingesting a raw crayfish, 

the patient had a 3-day self-limited course of watery diarrhea. Physical examination revealed a thin 

male subject with obvious tachypnea. There was dullness to percussion and absent breath sounds 

in the lower two-thirds of the chest bilaterally. Histologic section of operative lung specimen 

demonstrating oval eggs, which range from 80–120 µm long by 45–70 µm wide. What organism 

did the biopsy preparation demonstrate?  

A. Opisthorchis felineus  

B. Dicrocoelium dendriticum 

C. Fasciola hepatica 

D. Paragonimus westermani 

E. Schistosoma haematobium 

Case 4. A 65-year-old male presented with intermittent fever, chills, sweats, and headache, along 

with vague epigastric discomfort. He had traveled to France 3 months previously where he ate local 

vegetables. Two months previously, he picked and ate local watercress in the rural region of the 

USA. Computer tomography showed ill-defined areas of heterogeneous attenuation and 

enhancement of the liver, along with a borderline enlarged spleen. Microscopic examination of the 

wet mount of the stool sample showed large, elliptical to oval, operculated, light yellowish-brown 

ova measuring 140–142 μm by 70–75 μm. What organism did the wet preparation demonstrate?  

A. Opisthorchis felineus  

B. Dicrocoelium dendriticum 

C. Fasciola hepatica 

D. Paragonimus westermani 

E. Schistosoma haematobium 

Case 5. An 11-year-old boy from the Czech Republic suffered from gastrointestinal complaints for 

about half a year. Diarrhea frequently alternated with constipation, the abdominal pain was mainly 

in the region of the pancreas. Contact with sheep or consumption of contaminated liver was not 

demonstrated, however, the patient was keen on collecting different animals, particularly freshwater 

snails. Thick-shelled dark brown operculated eggs (35–45 µm by 20–30 µm) were repeatedly found 

in the stool and duodenal fluid specimens. What organism may cause the symptoms observed in 

the patient?  

A. Opisthorchis felineus  

B. Dicrocoelium dendriticum 

C. Fasciola hepatica 

D. Paragonimus westermani 

E. Schistosoma haematobium 

 
Cestoda (tapeworms) 
Case 1. A 34-year-old female who immigrated to the US a few years ago from Latin America 

complained of dizziness and mild seizures that have been going on for the past 12 years. She also 

suffers from dyspepsia, nausea with scanty non-bilious vomiting. Computed tomography of the 

brain showed a cystic mass in the posteromedial left temporal/occipital region with surrounding 

edema. What kind of helminthiasis are these presentations typical of?  
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A. Taenia solium  

B. Taenia saginata 

C. Hymenolepis nana 

D. Diphyllobothrium latum 

E. Echinococcus granulosus 

Case 2. A 38-year-old Japanese man expelled a single tapeworm of about one meter in length. 

Four years later, he complained of headaches and multiple cystic lesions were found on computed 

tomography of the brain. What is the organism most likely causing the parasitosis in this patient?   

A. Taenia solium  

B. Taenia saginata 

C. Hymenolepis nana 

D. Diphyllobothrium latum 

E. Echinococcus granulosus 

Case 3. A 14-month-old girl residing in Bangkok was brought to the hospital because of the 

expulsion of gravid proglottids from her anus. Each gravid proglottid was creamy white in color and 

exhibited movement. Microscopic examination of the gravid proglottid pressed between two slides 

revealed 17-25 primary lateral branches of the uterus. What parasitic representative was found in 

the patient? 

A. Taenia solium  

B. Taenia saginata 

C. Hymenolepis nana 

D. Diphyllobothrium latum 

E. Echinococcus granulosus 

Case 4. A 44-years-old man visited a hospital in downtown Busan, Korea for a routine health 

screening. He stated that his diet included organic foods. The colonoscopy revealed that a large 

number of adult tapeworms scattered throughout the colon as well as in the terminal ileum. The 

adult worm had a scolex with four suckers, a hooked rostellum, and a strobila approximately 2 cm 

long, which comprised of up to 200 proglottids. What organism did the preparation demonstrate?  

A. Taenia solium  

B. Taenia saginata 

C. Hymenolepis nana 

D. Diphyllobothrium latum 

E. Echinococcus granulosus 

Case 5. A 29-years-old woman living in Brazil presented to the hospital with complaints of 

gastrointestinal discomfort, including several days of abdominal pain, diarrhea, colic, and nausea. 

Vomiting or fever was not reported. Her clinical history revealed that she had eaten raw fish (sushi) 

with her family some days before. The fecal examination revealed a large quantity of ovoid 

operculated eggs. What parasitic agent was found in the patient?  

A. Taenia solium  

B. Taenia saginata 

C. Hymenolepis nana 

D. Diphyllobothrium latum 

E. Echinococcus granulosus 
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Nematoda (roundworms) 
Case 1. A 14-year-old female was presented with diffuse acute abdominal pain. Due to the 

combination of the classic symptoms and a typical progression of symptoms coupled with right 

lower quadrant tenderness, acute appendicitis was suspected and surgical removal was decided. At 

the pathological examination of the appendix revealed parasites up to 13 mm in length in the 

lumen. The female worms contained elongate-oval eggs slightly flattened on one side (50-60 µm 

by 20-30 µm). What parasitic disease can be suspected in this patient?  

A. Ascariasis  

B. Ancylostomiasis 

C. Enterobiasis  

D. Filariasis 

E. Trichuriasis 

Case 2. An 83-year-old man with end-stage chronic obstructive pulmonary disease, who was a 

prisoner of war in Southeast Asia during the Second World War, was in his usual state of poor 

health (requiring home oxygen and corticosteroids). His home health nurse prescribes to increase 

the dose of corticosteroids. After discharge from the hospital, the patient began to have nausea 

and vomiting, as well as shortness of breath and purulent sputum. A wet mount of the sputum 

revealed filariform larvae. What organism did the wet preparation demonstrate?  

A. Ascaris lumbricoides  

B. Ancylostoma duodenale 

C. Strongyloides stercoralis  

D. Loa loa 

E. Enterobius vermicularis 

Case 3. A 4-year-old girl, coming from the rural area of Colombia, admitted to a hospital due to 

recurrent abdominal pain for 4 months. In the feces, eggs with a mammillated outer coat were 

found. What parasitic disease can be suspected in this patient?  

A. Ascariasis  

B. Ancylostomiasis 

C. Enterobiasis  

D. Filariasis 

E. Trichuriasis 

Case 4. A 51-year-old woman native of Guyana immigrated to the United States five years before 

presentation. On a routine mammogram, a calcified mass was found in her right breast. The mass 

was localized and excised: histopathologic examination revealed adult male and female 

roundworms. Subsequent blood smears revealed microfilariae. The patient had a history of an 

inflammation of the lymphatic system of the right breast. What parasitic worm did the preparations 

demonstrate?  

A. Wuchereria bancrofti 

B. Loa loa 

C. Trichuris trichiura  

D. Ancylostoma duodenale 

E. Strongyloides stercoralis 
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Case 5. A 62-year-old male was referred to the gastroenterology clinic with complaints of epigastric 

pain, diarrhea and unintentional weight loss over the past couple of weeks. He reported that he 

mostly ate pork and vegetables. He did not eat any seafood. The stool was collected for ova and 

parasite examination. He also underwent a colonoscopy with multiple biopsies. Colonoscopy 

showed multiple helminths at the ileocecal junction. Barrel-shaped egg with mucous plugs at either 

end was found in the stool samples.  What parasitic disease can be suspected in this patient?  

A. Ascariasis  

B. Ancylostomiasis 

C. Enterobiasis  

D. Filariasis 

E. Trichuriasis 

 
Arthropoda 
Case 1. A 73-year-old woman complained of a 2 years history of eyes itching. Physical examination 

revealed blepharitis and lesions acne-like on mouth, nose, and chest. What parasitic disease can be 

supposed in the patient?  

A. Pulicosis  

B. Demodicosis 

C. Pediculosis  

D. Myiasis 

E. Scabies 

Case 2. A 48-year-old man complained of pruritus of 11 years’ duration that worsened at night. 

Physical examination revealed large erythematous, hyperkeratotic, scaly plaques on different body 

regions. Numerous small erythematous papules and wavy threadlike gray burrows measuring 1 to 

10 mm in diameter were distributed primarily around the wrists, ankles, proximal extremities, 

abdominal and pubic area, and interdigital spaces. Dermoscopic examination of the gray threadlike 

burrows revealed arthropod-like organisms and eggs. What parasitic disease can be supposed in 

the patient?  

A. Pulicosis  

B. Demodicosis 

C. Pediculosis  

D. Myiasis 

E. Scabies 

Case 3. An 80-year-old female patient was found abandoned in poor hygienic conditions without 

any family or personal history of importance. During her clinical examination, the presence of 

numerous parasites on her scalp and hair was reported. What parasitic disease can be suspected in 

this patient?  

A. Pulicosis  

B. Demodicosis 

C. Pediculosis  

D. Myiasis 

E. Scabies 

  



142 
 

Case 4. A 21-year-old male with neurological deficits and of low socioeconomic status having poor 

living conditions presented to a hospital in India with the chief complaint of swelling in the front 

region of the upper jaw. It was accompanied by bleeding from gums, pain, and fetid odor. The 

patient has the habit of mouth breathing. Intraoral examination revealed a necrotic area contained 

a number of arthropod larvae. What arthropod group did the preparations demonstrate?  

A. Maggots 

B. Mite nymphs 

C. Tick nymphs  

D. Mosquito larvae 

E. Sandfly larvae 

Case 5. The patient was a 74-year old man originally admitted to the hospital in Sari (Iran) because 

of cardiac arrest and cerebral ischemia, and diminishing consciousness. In the same day of 

admission, a large number of larvae (altogether about 100) emerged from his left nostril with plenty 

of mucorrhea. What parasitic disease can be suspected in this patient?  

A. Pulicosis  

B. Demodicosis 

C. Pediculosis  

D. Myiasis 

E. Scabies 
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Chapter 8 

Tables to complete 
 

 

 

Parasite localization   

Fill the information about localization of the parasite species in a human body 

  

Localization in human body Protozoa Trematoda Cestoda Nematoda 

Integument (skin)     

Respiratory system     

Digestive system, including     

• gut     

• liver     

Circulatory system     

Nervous system     

Urogenital system     

Muscles     

Eyes     

Body cavity     

 

User
Stamp
For personal use by KNU students only
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Diagnosis 

Which stage of parasite’s life cycle can be found with a given diagnostic method? 

 

Parasite 
Fecal 

sample 

Urine/ 

genital 

fluids 

sample 

Blood 

smear 

Tissue 

biopsy 

Diagnostic 

imaging 

technique *  

Other 

Protozoa       

Entamoeba  

histolytica 
      

Acanthamoeba spp.       

Naegleria  

fowleri 
      

Balantidium  

coli 
      

Trichomonas  

vaginalis 
      

Trypanosoma  

brucei 
      

Trypanosoma  

cruzi 
      

Leishmania spp.       

Giardia intestinalis       

Babesia spp.       

Plasmodium spp.       

Toxoplasma  

gondii 
      

* Diagnostic imaging technique resulted in creating visual representations of the interior of a human 

body by means of computed tomography scan, ultrasonography, X-ray radiography, magnetic 

resonance imaging, endoscopy, etc.  
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Diagnosis 

Which stage of the parasite’s life cycle can be found with a given diagnostic method? 

 

 

Parasite 
Fecal 

sample 

Urine/ 

genital 

fluids 

sample 

Blood 

smear 

Tissue 

biopsy 

Diagnostic 

imaging 

technique *  

Other 

Flatworms       

Fasciola  

hepatica 
      

Dicrocoelium 

dendriticum 
      

Opisthorchis  

felineus 
      

Paragonimus 

westermani 
      

Schistosoma  

mansoni 
      

Schistosoma 

japonicum 
      

Schistosoma 

haematobium 
      

Taenia  

saginata 
      

Taenia  

solium 
      

Hymenolepis  

nana 
      

Echinococcus 

granulosus 
      

Echinococcus 

multilocularis 
      

Diphyllobothrium 

latum 
      

* Diagnostic imaging technique resulted in creating visual representations of the interior of a human 

body by means of computed tomography scan, ultrasonography, X-ray radiography, magnetic 

resonance imaging (MRI), endoscopy, etc.  
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Diagnosis 

Which stage of the parasite’s life cycle can be found with a given diagnostic method? 

 

 

Parasite 
Fecal 

sample 

Urine/ 

genital 

fluids 

sample 

Blood 

smear 

Tissue 

biopsy 

Diagnostic 

imaging 

technique *  

Other 

Nematoda and 

Arthropoda 
      

Ascaris  

lumbricoides 
      

Enterobius  

vermicularis 
      

Trichuris  

trichiura 
      

Wuchereria  

bancrofti 
      

Loa loa       

Onchocerca  

volvulus 
      

Mansonella 

spp. 
      

Strongyloides  

stercoralis 
      

Ancylostoma  

duodenale 
      

Trichinella  

spiralis 
      

Sarcoptes  

scabiei 
      

Demodex   

folliculorum 
      

* Diagnostic imaging technique resulted in creating visual representations of the interior of a human 

body by means of computed tomography scan, ultrasonography, X-ray radiography, magnetic 

resonance imaging (MRI), endoscopy, etc.  
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Mode of transmission 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 

Indirect transmission Direct transmission 

E
n

v
ir

o
n

m
e
n

t 

V
e
c
to

rs
 

F
o

m
it

e
s 

S
e
x
u

a
l 

N
o

n
-s

e
x
u

a
l 

T
ra

n
sp

la
ce

n
ta

l 

Protozoa       

Entamoeba histolytica       

Acanthamoeba spp.       

Naegleria fowleri       

Balantidium coli       

Trichomonas vaginalis       

Trypanosoma brucei       

Trypanosoma cruzi       

Leishmania spp.       

Giardia intestinalis       

Babesia spp.       

Plasmodium spp.       

Toxoplasma gondii       

Trematoda (flukes)       

Fasciola hepatica       

Dicrocoelium dendriticum       

Opisthorchis felineus       

Paragonimus westermani       

Schistosoma mansoni       

Schistosoma japonicum       

Schistosoma haematobium       
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Mode of transmission 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 

Indirect transmission: Direct transmission: 

E
n

v
ir

o
n

m
e
n

t 

V
e
c
to

rs
 

F
o

m
it

e
s 

S
e
x
u

a
l 

N
o

n
-s

e
x
u

a
l 

T
ra

n
sp

la
ce

n
ta

l 

Cestoda (tapeworms)       

Taenia saginata       

Taenia solium       

Hymenolepis nana       

Echinococcus granulosus       

Echinococcus multilocularis       

Diphyllobothrium latum       

Nematoda (roundworms)       

Ascaris lumbricoides       

Enterobius vermicularis       

Trichuris trichiura       

Wuchereria bancrofti       

Loa loa       

Onchocerca volvulus       

Mansonella spp.       

Strongyloides stercoralis       

Ancylostoma duodenale       

Trichinella spiralis       

Arthropoda       

Sarcoptes scabiei       

Demodex  folliculorum       

Pulex irritans       

Pediculus humanus humanus       

Pediculus humanus capitis       

Phthirus pubis       
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Route of transmission 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 

Fe
ca

l–
o

ra
l 

Fo
o

d
/w

at
e

r–
o

ra
l 

W
at

e
r–

sk
in

 

So
il–

sk
in

 

V
ec

to
r–

sk
in

 

P
e

rs
o

n
–

to
–

p
er

so
n

 

Ti
ss

u
e
–t

is
su

e
 

(t
ra

n
sp

la
n

ta
ti

o
n

) 

Protozoa        

Entamoeba histolytica        

Acanthamoeba spp.        

Naegleria fowleri        

Balantidium coli        

Trichomonas vaginalis        

Trypanosoma brucei        

Trypanosoma cruzi        

Leishmania spp.        

Giardia intestinalis        

Babesia spp.        

Plasmodium spp.        

Toxoplasma gondii        

Trematoda (flukes)        

Fasciola hepatica        

Dicrocoelium dendriticum        

Opisthorchis felineus        

Paragonimus westermani        

Schistosoma mansoni        

Schistosoma japonicum        

Schistosoma haematobium        

Cestoda (tapeworms)        

Taenia saginata        

Taenia solium        

Hymenolepis nana        

Echinococcus granulosus        

Echinococcus multilocularis        

Diphyllobothrium latum        
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Route of transmission 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 

Fe
ca

l–
o

ra
l 

Fo
o

d
/w

at
e

r–
o

ra
l 

W
at

e
r–

sk
in

 

So
il–

sk
in

 

V
ec

to
r–

sk
in

 

P
e
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o

n
–
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–p
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u
e
–
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u
e 
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n
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n
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o
n
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Nematoda (roundworms)        

Ascaris lumbricoides        

Enterobius vermicularis        

Trichuris trichiura        

Wuchereria bancrofti        

Loa loa        

Onchocerca volvulus        

Mansonella spp.        

Strongyloides stercoralis        

Ancylostoma duodenale        

Trichinella spiralis        

Arthropoda        

Sarcoptes scabiei        

Demodex  folliculorum        

Pulex irritans        

Pediculus humanus humanus        

Pediculus humanus capitis        

Phthirus pubis        

 



151 
 

Classification of diseases based on their transmission routes 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 
Food-

borne 

Water-

borne 

Soil-

borne 

Vector-

borne 

Air-

borne 

Sexually 

transmitted  

Protozoa       

Entamoeba histolytica       

Acanthamoeba spp.       

Naegleria fowleri       

Balantidium coli       

Trichomonas vaginalis       

Trypanosoma brucei       

Trypanosoma cruzi       

Leishmania spp.       

Giardia intestinalis       

Babesia spp.       

Plasmodium spp.       

Toxoplasma gondii       

Trematoda (flukes)       

Fasciola hepatica       

Dicrocoelium dendriticum       

Opisthorchis felineus       

Paragonimus westermani       

Schistosoma mansoni       

Schistosoma japonicum       

Schistosoma haematobium       

Cestoda (tapeworms)       

Taenia saginata       

Taenia solium       

Hymenolepis nana       

Echinococcus granulosus       

Echinococcus multilocularis       

Diphyllobothrium latum       
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Classification of diseases based on their transmission routes 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite 
Food-

borne 

Water-

borne 

Soil-

borne 

Vector-

borne 

Air-

borne 

Sexually 

transmitted  

Nematoda (roundworms)       

Ascaris lumbricoides       

Enterobius vermicularis       

Trichuris trichiura       

Wuchereria bancrofti       

Loa loa       

Onchocerca volvulus       

Mansonella spp.       

Strongyloides stercoralis       

Ancylostoma duodenale       

Trichinella spiralis       

Arthropoda       

Sarcoptes scabiei       

Demodex  folliculorum       

Pulex irritans       

Pediculus humanus humanus       

Pediculus humanus capitis       

Phthirus pubis       
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Classification of diseases  

based on a variety of definitive hosts 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite Zoonosis Anthroponosis Anthropozoonosis 

Protozoa    

Entamoeba histolytica    

Acanthamoeba spp.    

Naegleria fowleri    

Balantidium coli    

Trichomonas vaginalis    

Trypanosoma brucei    

Trypanosoma cruzi    

Leishmania spp.    

Giardia intestinalis    

Babesia spp.    

Plasmodium spp.    

Toxoplasma gondii    

Trematoda (flukes)    

Fasciola hepatica    

Dicrocoelium dendriticum    

Opisthorchis felineus    

Paragonimus westermani    

Schistosoma mansoni    

Schistosoma japonicum    

Schistosoma haematobium    

Cestoda (tapeworms)    

Taenia saginata    

Taenia solium    

Hymenolepis nana    

Echinococcus granulosus    

Echinococcus multilocularis    

Diphyllobothrium latum    
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Classification of diseases  

based on a variety of definitive hosts 

Fill the empty table cells with (+) if this is true for a parasite and disease, it causes.  

 

Parasite Zoonosis Anthroponosis Anthropozoonosis 

Nematoda (roundworms)    

Ascaris lumbricoides    

Enterobius vermicularis    

Trichuris trichiura    

Wuchereria bancrofti    

Loa loa    

Onchocerca volvulus    

Mansonella spp.    

Strongyloides stercoralis    

Ancylostoma duodenale    

Trichinella spiralis    

Arthropoda    

Sarcoptes scabiei    

Demodex  folliculorum    

Pulex irritans    

Pediculus humanus humanus    

Pediculus humanus capitis    

Phthirus pubis    

 

  



155 
 

Common name vs. scientific name of the parasite 

Match common name and scientific name of parasites 

 

Common name  Scientific name 

“Trich”  

African trypanosome  

American trypanosome  

Armed tapeworm  

Beef tapeworm   

Bladder fluke  

Blood fluke  

Body louse  

Brain-eating amoeba  

Broad tapeworm  

Cat liver fluke  

Common bed bug   

Common liver fluke  

Crab louse  

Dog tapeworm  

Dwarf tapeworm  

Dysentery amoeba  

Eye worm  

Face mite  

Fish tapeworm  

Fox tapeworm  

Head louse  

Human flea  

Itch mite  

Lancet liver fluke  

Large intestinal roundworm  

Old World hookworm  

Oriental lung fluke  

Pinworm  

Pork tapeworm   

Pork worm  

Threadworm  

Unarmed tapeworm  

Whipworm  
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Answers to the Tests 
 
 
 
Chapter 6 Training test: Protozoa 

True or false:  1 – false; 2 – false; 3 – false; 4 – true; 5 – true; 6 – false; 7 – false; 8 – false; 9 – 

false; 10 – true. 

Matching: 1D; 2I; 3B; 4C; 5G; 6F; 7H; 8J; 9A; 10E. 

Multiple choice: 1a; 2e; 3c; 4b,c; 5d; 6b; 7c,d; 8e; 9a; 10c,e. 

Word search: 1 – cyst; 2 – sporozoite; 3 – endoparasite(s); 4 – vector; 5 – Acanthamoeba 

keratitis; 6 – trophozoite; 7 – amastigote; 8 – “trich”, or trichomoniasis; 9 – 

toxoplasmosis; 10 – giardiasis, or lambliasis. 

Double puzzle: TROPHOZOITE, TRYPANOSOMA, TRICHOMONAS, LEISHMANIA, 

ACANTHAMOEBA, PLASMODIUM, MALARIA, TOXOPLASMOSIS; ENTAMOEBA 

HISTOLYTICA. 

 

 

Chapter 6 Training test: Trematoda 

True or false:  1 – true; 2 – false; 3 – true; 4 – true; 5 – true; 6 – false; 7 – true; 8 – true; 9 – true; 

10 – false. 

Matching: 1H; 2A; 3C; 4J; 5D; 6G; 7E; 8F; 9B; 10I. 

Multiple choice: 1e; 2e; 3b; 4c; 5a; 6d,e; 7a,e; 8a,b,c,e; 9d; 10e. 

Word search: 1 – cercaria; 2 – metacercaria; 3 – cercaria; 4 – urinal tract, or bladder; 5 – ant; 

6 – freshwater snail; 7 – cercaria; 8 – none (Schistosoma haematobium has only 

one intermediate host); 9 – miracidium; 10 – paragonimiasis. 

Double puzzle: FASCIOLA, MIRACIDIUM, CERCARIA, PARAGONIMUS, TREMATODA, FLUKE, 

OPISTHORCHIS; SCHISTOSOMA JAPONICUM. 

 

 

Chapter 6 Training test: Cestoda 

True or false:  1 – true; 2 – true; 3 – true; 4 – false; 5 – true; 6 – true; 7 – false; 8 – true; 9 – 

false; 10 – true. 

Matching: 1A; 2I; 3J; 4B; 5H; 6F; 7C; 8G; 9D; 10E. 

Multiple choice: 1c; 2a,b; 3a,b; 4a,b; 5a,c,e; 6e; 7c,d; 8a,d,e; 9a,d,e; 10c,d. 

Word search: 1 – egg; 2 – cysticercus, or larval cyst; 3 – egg; 4 – human; 5 – Taenia solium 

larva, or pork tapeworm larva; 6 – protoscoleces, or larval scolices; 7 – 

Echinococcus multilocularis, or fox tapeworm; 8 – adults of Taenia solium and 

T. saginata; 9 – oncosphere; 10 – Diphyllobothrium latum, or fish tapeworm. 

Double puzzle: PROTOSCOLEX, NEUROCYSTICERCOSIS, TAPEWORM, SCOLEX, 

ECHINOCOCCOSIS, CESTODA, TAENIASIS; ECHINOCOCCUS 

MULTILOCULARIS. 
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Chapter 6 Training test: Nematoda 

True or false:  1 – true; 2 – true; 3 – true; 4 – true; 5 – true; 6 – true; 7 – true; 8 – false; 9 – false; 

10 – false. 

Matching: 1G; 2B; 3C; 4F; 5A; 6E; 7D; 8I; 9J; 10H. 

Multiple choice: 1a,c,d; 2e; 3b; 4a,c,d; 5b; 6b; 7d; 8a,c,d; 9a,d; 10b,e. 

Word search: 1 – L3 larva, or third-stage larva, or filariform larva; 2 – encysted larva; 3 – 

microfilaria; 4 – Trichinella spiralis; 5 – elephantiasis; 6 – Trichinella spiralis; 7 – 

mosquito; 8 – Enterobius vermicularis, or pinworm; 9 – enterobiasis, or 

pinworm infection; 10 – ancylostomiasis. 

Double puzzle: WHIPWORM, HOOKWORM, ROUNDWORMS, TRICHINOSIS, TRICHINELLA 

SPIRALIS, MICROFILARIA, PINWORM; ASCARIS LUMBRICOIDES. 

 

 

Chapter 6 Training test: Arthropoda 

True or false:  1 – true; 2 – true; 3 – false; 4 – true; 5 – true; 6 – false; 7 – true; 8 – true; 9 – true; 

10 – false. 

Matching: 1H; 2J; 3G; 4I; 5B; 6D; 7E; 8A; 9F; 10C. 

Multiple choice: 1a,c; 2d; 3e; 4b,d; 5a,e; 6a; 7b; 8d; 9a,b; 10b,e. 

Word search: 1 – pupa; 2 – larva; 3 – nymph; 4 – myiasis; 5 – mosquito; 6 – deer fly, or 

Chrysops fly; 7 – pediculosis; 8 – Demodex folliculorum; 9 – scabies; 10 – 

demodicosis. 

Double puzzle: TSETSE FLY, SANDFLY, HUMAN LOUSE, DEMODEX, MOSQUITOES, VECTOR, 

FLEA; CIMEX LECTULARIUS. 

 

Chapter 7 Clinical Cases 

Protozoa:  Case 1. – D; Case 2. – E; Case 3. – B; Case 4. – A; Case 5. – C. 

Trematoda:  Case 1. – A; Case 2. – E; Case 3. – D; Case 4. – C; Case 5. – B. 

Cestoda:  Case 1. – A; Case 2. – A; Case 3. – B; Case 4. – C; Case 5. – D. 

Nematoda:  Case 1. – C; Case 2. – C; Case 3. – A; Case 4. – A; Case 5. – E. 

Arthropoda:  Case 1. – B; Case 2. – E; Case 3. – C; Case 4. – A; Case 5. – D. 

 

 
 

 

 

 

 

 

 

 

 

 


