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PREFACE TO THE SIXTH EDITION

Since the publication of the first edition of this text in
1979, various phenomena have increased the incidence
of parasitic diseases among North Americans. Increased
world travel by U.S. residents and the influx of immi-
grants from underdeveloped regions have brought
increasing numbers of once seldom-encountered para-
sites to this country. Shifts in sexual behaviors in our
society have altered the traditionally accepted epidemi-
ology of infections such as giardiases and amebiasis. In
addition, individuals with acquired immunodeficiency
syndrome (AIDS) have contracted infections caused by
previously rare opportunistic parasites and have suf-
fered more severe symptoms from infections caused by
usually less virulent organisms. Such situations lend an
increased urgency to correctly diagnose and treat para-
sitic diseases by U.S. physicians and to detect these
diseases by laboratory technologists. On a global basis,
parasitic infections remain a most serious consideration.
They affect the morbidity and mortality levels in every
nation, affecting countries with tropical and temperate
climates very significantly. We believe, therefore, that
now more than ever, all health professionals need a
fundamental understanding of the diagnosis, treat-
ment, and prevention of parasitic diseases. We have ap-
proached our revision with this belief in mind.

Medical Parasitology is designed to provide the reader
with a concise, systematic introduction to the biology
and epidemiology of human parasitic diseases. The text
is supported throughout by an array of carefully coor-
dinated graphics. Many of the changes incorporated in
this revision are based on responses from surveys of
the users of the previous editions. The presentation of
the symptomatology, pathology, and treatment of each
parasitic disease has been expanded. New parasites
have been added, most notably those associated with
AIDS. Information concerning the role of arthropods

as ectoparasites has been enhanced and coverage of
serologic testing has been strengthened. Resource lists
for general and immunologic supplies have been added
as well. Epidemiology and treatment topics have been
reorganized and are expanded in the final chapter.
Enhancements to the graphic elements of the text
have not been neglected. Line drawings and photo-
graphs of newly added parasites have been included
and previous drawings modified as necessary. All
laboratory procedures have been updated and ex-
panded to conform to current quality control stan-
dards. Pedagogical improvements include a complete
redesign of the text to enhance readability and full-
color photographs being added within the chapters
so that students can compare actual images with our
line drawings. The complete review Atlas will remain
in the text as well. The inside covers provide compar-
ative charts illustrating parasitic forms for use as a
quick reference tool while screening specimen
materials. Review questions within the text, end-of-
chapter post-tests, case studies, and thoroughly up-
dated bibliographies provide other useful learning
resources. For the first time, Instructor’s Resources
are available to adopting educators via DavisPlus, a
web-based resource. These online resources include
a bank of 120 test questions, PowerPoint presenta-
tions with lecture points, and a searchable Image
Ancillary. Also available at DavisP/us are interactive
student exercises that include additional case studies,
flash cards, word puzzles, and an audio pronunciation
key for all named parasites, all of which are easily
accessible to students and instructors. We believe
these changes will dramatically enhance each student’s
learning experience.
Ruth Leventhal
Russell F. Cheadle
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PREFACE TO THE FIRST EDITION

There are many available textbooks about parasitol-
ogy. Some of these treat the biology of parasites in
great depth, while others are more graphic in nature.
The laboratorian or clinician needs both kinds. This
book was designed to provide a concise description of
the biology and epidemiology of human parasites,
coupled with an extensive series of color photographs
and line drawings to facilitate visual recognition of
parasites found in clinical specimens. Furthermore,
several modes of graphic presentation have been in-
corporated in order to aid the various approaches to
learning and mastering the requisites.

This book resulted from our recognition of the need for
a self-instructional text in parasitology. Present formal
course instruction in medical parasitology is often

limited and generally is not designed to allow for differ-
ent learning styles. Russell Cheadle conceptualized and
wrote the original draft of this self-instructional text,
while the research and writing thereafter became a
truly collaborative effort. This product is, we believe, a
useful learning tool for students in biology, medical
technology, medicine, and public health, as well as
an effective pictorial reference book for the clinical
laboratory.
We wish to thank Catherine Cheadle, Mary Stevens,
and Valerie Fortune for their kind assistance. Russell
Cheadle would also like to thank Dr. Herbert W. Cox,
his graduate advisor, for his encouragement.
Ruth Leventhal
Russell E Cheadle
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Atlas

The Atlas included with this text was selected to show clearly the morphologic and diagnostic characteristics
of parasites of medical importance. A brief review of major disease symptoms, the life cycle of the parasite,
and other pertinent information are included in the discussion of each photograph. Try to describe each diag-
nostic stage aloud, recalling the key features of each organism as labeled on the life cycle diagram, to ensure
that you can recall these features.

The Nematodes are a diverse group of roundworms, existing as both free-living and parasitic forms. They vary
greatly in size from a few millimeters to over a meter in length. These organisms have separate sexes and
their body development is complex. Of the nematode species parasitic for humans, about half live as adults
in the intestine and the other half are tissue parasites in their definitive host. The pathogenicity in intestinal
infections may be due to biting and blood sucking (e.g., hookworms, Trichuris), to allergic reactions caused by
substances secreted from adult worms or larvae, or to migration through the body tissues. Tissue nematodes,
the Filarioidea, live in various tissue locations in the host. These organisms require an arthropod intermediate
host in their life cycle. The produced pathology varies with the location of the parasites in humans but may
involve the occlusion of the lymphatics (Wuchereria, Brugia), localized subcutaneous swellings or nodules
(Onchocerca, Dracunculus), or blindness (Onchocerca).

1-2. Enterobius vermicularis (pinworm). 1. Adult male (20x) and 2. female (10X). These mature in the anterior por-
tion of the colon. The adult yellowish-white female worms are 8 to 13 mm and the male worms 2 to 5 mm in size.
Each has a bulbar esophagus as well as finlike projections, called cephalic alae, about the anterior end. Male and
female worms are further differentiated in that the male has a sharp curvature of the tail and small posterior copula-
tory spicule, whereas the female has a long, straight, sharply pointed tail. When the uterus is gravid with eggs, the
female migrates from the colon (usually during sleeping hours of the host) to the perianal area, where she deposits
her eggs and dies. The adult may also migrate to the appendix, where it can be found histologically. Pinworm
disease is essentially an allergic reaction to the release of eggs and other secreted materials from the gravid female,
which causes severe rectal itching.

A higher-power view of the anterior end of the adult, clearly showing the alae.
Note the caudal curve and copulatory spicules of the male Enterobius vermicularis.

Enterobius vermicularis eggs (400X). Eggs may be recovered from the perianal folds by applying the sticky side of
cellophane tape to the skin surfaces and then taping the cellophane, sticky side down, onto a microscope side for
examination. Eggs are rarely recovered in feces. The eggs are elongated (55 pm X 25 pm) and tend to be flattened
on one side. The thick shell is transparent and colorless and the folded larva may be seen within. Pinworm eggs are
infective for the host within a few hours of being released. Scratching of the perianal region allows transfer of the
eggs by hand to the mouth of the host. The eggs hatch soon after they are swallowed and develop to mature worms
within 2 weeks. Bedding, night clothing, and even house dust may be sources of egg infection for others through
ingestion or inhalation of airborne eggs. This is a very common parasitic infection in this country and spreads easily,
so that those living with an infected individual are likely to become infected.

6.  Enterobius vermicularis egg (900x). This view shows an egg under oil immersion; the developed larva can be clearly
seen coiled inside the flattened shell.

7.  Enterobius vermicularis egg (100X). A low-power view of the egg as seen on a cellophane tape preparation.
Because of the transparency of the eggs, screening of the slides must be carefully performed using low illumination.

8.  Trichuris trichiura (whipworm) (4X). Adult female, measuring 35 to 50 mm. The anterior ends of both male and

female worms are slender and threadlike, but the posterior one-third of the worm is wider. The posterior end of the
female appears club-shaped and straight; the male has a 360-degree coiled posterior with two copulatory spicules.
The adults in the intestine attach firmly by embedding a spearlike projection at their anterior end into the mucosa
of the cecum and proximal colon. Distribution of this parasite is cosmopolitan, especially in moist, warm areas. This
is the most commonly reported parasitic infection in this country. Light infections are usually asymptomatic, but heavy
infections may cause enteritis and diarrhea with rectal prolapse.
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10.

11.

12.

13.

14.

15.

16.

Trichuris trichiura egg (500). Diagnosis: recovery of eggs in feces. Concentration technique needed to detect a light
infection. The Trichuris egg is characteristically barrel-shaped and measures 20 um X 50 pm. Note the undeveloped
embryo; the clear, inner shell; the heavy, golden outer shell; and the transparent hyaline plugs at the ends of the egg.
Eggs passed in feces must remain in a favorable soil environment for at least 10 days until larval development is
complete; at this time the egg is infective. Ingestion of the egg from infected soil or contaminated food is
followed by hatching in the intestines. The larva molts and develops in the intestines to become an adult.
About 90 days are needed for a complete cycle from egg ingestion to egg output by the adults.

Trichuris trichiura egg. This view shows an egg at a magnification of 100X. (Note: Dog whipworm is an occasional
zoonosis; the egg is much larger [35 pm X 80 pm] and broader.)

Ascaris lumbricoides. Both male and female adults are shown. They are large, pinkish-white, and conically tapered at
the anterior end. A female measures 22 to 35 cm in length X 3 to 6 mm in diameter and has a pinkish-white and
straight tail. A male measures 10 to 31 cm X 2 to 4 mm and has a sharply curved tail with two copulatory spicules.
The adults live in the small intestine and can survive for over a year. Females lay up to 250,000 eggs per day, which
are passed in the feces and can be readily recovered by routine fecal examination. Passage of adult worms from the
rectum is often the first indication of infection. Light infections are asymptomatic. Heavy infections may cause pneu-
monia early in the infection and, later, diarrhea, vomiting, or bowel obstruction. Complications such as perforation of
the intestinal wall or appendix, with resultant peritonitis or obstruction of airways by vomited worms, may cause death.
Known as the large intestinal roundworm.

An obstructed bowel from a heavily infected patient with Ascaris lumbricoites. Distribution of this parasite is world-
wide, although it is more frequently found in tropical areas.

Ascaris lumbricoides egg (400x). Diagnosis: recognition of eggs (or adults) in feces. The fertilized egg measures
40 pm X 55 pym and contains an undeveloped embryo. This egg appears round, but Ascaris eggs are slightly oval.
The outer coat is albuminous and mamillated; occasionally, eggs without coats may be found (decorticated). The
thick, inner coat is of clear chitin. These characteristics are diagnostic. On reaching warm, moist soil, larvae develop
within the egg shells in 2 to 3 weeks and eggs are then infective for humans. Infection occurs by ingestion of these
infective eggs in contaminated food or drink. It is not uncommon for Ascaris and Trichuris to coexist in the same
person because of the same method of infection and the requirements for egg development in the soil. Eggs hatch
in the intestine and the Ascaris larvae rapidly penetrate the mucosal wall. They reach the liver and then the lungs via
the blood circulation. Larvae emerge from the circulation into the lungs in about 9 days, migrate up the bronchi
to the esophagus, and are swallowed. They mature in the intestine in about 2 months. In an immune individual, most
larvae are destroyed in the liver.

Ascaris lumbricoides egg. This view shows an egg at a magnification of 100X. Ascarids of dogs and cats (Toxocara
spp.) can undergo partial development and produce pathology in humans. After ingestion of an egg from soil, the
Toxocara eggs hatch and the larvae penetrate the intestinal wall and enter the blood circulation but are unable to
complete the migratory route. They lodge in tissues and cause inflammatory reactions leading to occlusions of cap-
illaries of vital organs (e.g, eye, liver, brain, lungs). Symptoms vary depending on the location of the parasite and the
host's reaction to it. The disease is called visceral larval migrans. It is seen most commonly in children because they
are more likely to ingest eggs from infected soil, such as at a playground where dogs are walked. High eosinophilia
is a very common sign. Diagnosis is made serologically or by observing larvae in histopathological sections. Species
identification is difficult but can be done.

Ascaris lumbricoides egg (400X). An unfertilized egg. Note the elongated shape and the heavy, albuminous, mamil-
lated coat. This type of egg is occasionally seen.

Adult male hookworm (10X). Adult hookworms are small, grayish-white nematodes. The anterior end is tapered and
curved and has an open buccal capsule. The posterior end of the male terminates in a fan-shaped copulatory bursa
and spicules. The ray-like pattern of the chitinous supportive structure in the bursa is different for each species. Fe-
males (12 pm X 0.5 pm) are larger than males (9 pm X 0.4 pm). The female has a straight and pointed tail and
produces 5,000 to 10,000 eggs per day. She may live for up to 14 years.
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17.

18.

19.

20.

21.

22.

23.

24.

Necator americanus (New World hookworm). The anterior end of an adult worm. Species identification is helped by
examining the buccal capsule. Note the pair of semilunar cutting plates in the upper side of the buccal cavity. There
is also a second, smaller set of plates on the lower side.

Ancylostoma duodenale (Old World hookworm). The anterior end of an adult worm. Note the two pairs of teeth in the
buccal cavity. The mouthparts of hookworms allow firm attachment to the mucosa of the small intestine and ingestion of
blood. N. americanus is found throughout Africa and the southeastern United States; A. duodenale is found in southern
Europe, northern Africa, the Far East, and the Mediterranean countries. Both are found in parts of Asia, Central and South
America, and the South Pacific. Symptoms of the disease depend on the extent of the infection and the nutritional status
of the patient and can appear clinically as a hypochromic microcytic anemia because of the bloodsucking activity of worms.
Only a heavy infection causes the disease state.

Hookworm egg (500). Note the definite but thin shell and the clear area around the embryo. Diagnosis of the pres-
ence of hookworms can be made on recognition of the eggs in feces, but adults must be examined for species iden-
tification because the eggs and larvae of these worms look alike. Eggs usually contain an immature embryo in the
4-to 8-cell stage of division if feces are promptly examined. Six cells are visible in this embryo. Eggs measure about
30 pm X 50 pm.

Hookworm eggs (500X). This view shows more mature eggs containing developing rhabditiform larvae. Eggs are
shed in feces and the embryo rapidly develops to a larva in 1 to 2 days. Eggs hatch to liberate rhabditiform larvae,
which then further mature in the soil to become infective filariform larvae.

Hookworm rhabditiform larva, showing the anterior end of the first-stage larva (500%). Although these larvae are not
usually seen in fresh fecal preparations, larvae may develop and hatch if feces are not promptly examined. This
view has been included so that differential characteristics between hookworm larvae and Strongyloides stercoralis
rhabditiform larvae may be studied. Note that the buccal cavity of a first-stage hookworm larva is slightly longer than
the width of the head, appearing as two parallel lines extending back from the anterior edge of the larvae. It has a
longer buccal cavity than that of S. stercoralis; this is the primary characteristic differentiating the two (see Plate 25).
In addition, the genital primordium is not obvious in hookworm larvae but is visible in Strongyloides larvae. The hook-
worm larva measures 250 pm X 17 pm.

Hookworm filariform larva (100). Infection occurs when infective stage (filariform) larvae penetrate skin, especially
between the toes. The larvae are carried throughout the body via lymphatic and blood circulation. Most larvae emerge
from the circulation in the lungs, migrate up the bronchi to the esophagus, and are swallowed. They complete
maturation in the intestine in about 2 weeks. Nonfeeding infective hookworm larvae in soil are ensheathed and have
pointed tails. A short esophagus extending about one-quarter of the way down from the anterior end is another
differentiating characteristic.

Infective filariform larvae of dog and cat hookworms, especially Ancylostoma braziliense, can invade human skin, pro-
ducing an allergic dermatitis called creeping eruption or cutaneous larval migrans. Inasmuch as the human is an un-
natural host for animal hookworms, further larval development does not occur. An itching, red papule is produced at
the site of larval entry with development of a serpentine tunnel between the epithelial layers produced as the larva
migrates. The larva moves several millimeters per day and may survive several weeks or months. This disease is
widely distributed and is common in sandy areas on the Atlantic coast from New Jersey to the Florida Keys, along
the Gulf of Mexico, and in many parts of Texas. It is also found in the midwestern United States.

Strongyloides stercoralis (threadworm) (400x). This view is of a rhabditiform larva (225 pm X 15 um) seen in
feces. Concentration techniques are helpful because numbers are low. The esophageal bulb is evident at the
junction of the esophagus and intestine, which is about one-fourth of the parasite’s length back from the anterior
end. This is one diagnostic feature that may be used to differentiate the hookworm from the Strongyloides rhabditi-
form larvae because this structure is not as prominent in hookworm larvae. Adult parthenogenic female worms
(2.2 mm X 50 pm) live in the submucosa of the upper small intestine. Eggs pass through the mucosa and the
rhabditiform larvae hatch in the lumen of the intestine to be shed in feces. The larvae may develop in soil to become
infective filariform larvae and penetrate the skin as do hookworm larvae. They may, however, also molt and become
infective before they pass in feces and penetrate the mucosa of the colon to cause autoinfection, especially in debil-
itated or immunocompromised persons. In either case, they travel via the blood-lung route as do hookworm larvae,
returning to the intestine to develop into adults. The life cycle of this parasite may also include a free-living cycle in
the soil. In this case, rhabditiform larvae molt and develop in 2 to 3 days to become free-living mature adults. The
sexually mature free-living male and female mate and produce eggs that develop into filariform larvae, which are
infective to humans via skin penetration.
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25.

26.

27.

28.

29.

30.

31.

32.

Strongyloides stercoralis (500%). This view shows the short buccal cavity of the rhabditiform larva. The length is
one-third to one-half the width of the head of the larva (compare with Plate 21). Diagnosis is based on the recovery
of characteristic rhabditiform larvae from feces. The filariform (infective stage) larva of Strongyloides recovered from
soil or cultured in the laboratory has a notched tail, whereas the filariform larvae of hookworms have pointed tails.
This parasite is found worldwide, especially in warm climates. As with hookworm disease, there is a dermatitis at the
site of repeated larval entry, and respiratory symptoms may result from the larvae as they migrate through the lungs.
Abdominal symptoms vary with the extent of the infection, from mild epigastric pain to vomiting, diarrhea, and weak-
ness with weight loss. Moderate eosinophilia is common. Untreated, the disease may last for many years because of
autoinfection from larvae that develop in the colon and may cause death in immunosuppressed patients.

Trichinella spiralis (trichina worm). Encysted larva in muscle tissue (400). Adult worms develop (in about 1 week) in
the submucosal tissues of the small intestine. They are very small: the male measures 1.5 mm, and the female meas-
ures 3.5 mm. Larvae (1 mm) produced by the female pass into the mesenteric venules or lymphatics and are carried
throughout the body. Within about 2 weeks they emerge from the blood to enter striated muscle cells or other tissue,
although they survive only if they enter striated muscle cells (for instance, in the tongue or diaphragm). The 1-mm larvae
become encysted in the muscle and calcify over time but remain alive for years. Many hundreds of larvae may be
produced over the female's life span of 2 to 3 weeks. Infection occurs when undercooked pork or bear meat containing
encysted larvae is ingested; the larvae develop into adults in the intestines in a few days. The disease state, trichinosis, is
found worldwide among meat-eating populations (with the highest prevalence in Europe and North America) and presents
a variety of symptoms, including gastric distress, fever, edema (especially of the face), and acute inflammation of muscle
tissue. Daily study of blood smears showing increasing eosinophilia is a useful diagnostic aid. A history of eating under-
cooked meat, skin testing, and positive serologic tests are strongly suggestive of infection but are not conclusive. Definitive
diagnosis depends on demonstration of the encysted larvae in a muscle biopsy from the patient. Attempts at recovery of
adult parasites from feces are usually futile. Light infections have vague symptoms, which may be missed.

Trichinella spiralis. A higher-power view of a stained section. Note the tissue inflammation around encysted larvae in
the muscle “nurse cells”

Wuchereria bancrofti (Bancroft's filaria) microfilaria (400x%). Diagnosis: recovery of characteristic microfilariae in
blood. A thick, peripheral blood smear, stained with Giemsa stain, showing the sheathed embryo, which measures
250 mm in length. The ends of the sheath appear almost colorless and are noncellular, often staining poorly with
Giemsa. The presence of a sheath and the pattern of cell nuclei, which can be seen in the posterior end of the
microfilaria (upper center photograph), are diagnostic. In this species, a single column of cell nuclei extends only to
near the tip of the tail, which has no nuclei. Microfilariae are most prevalent in the peripheral blood at night (noctur-
nal periodicity); therefore, they are best detected in blood specimens obtained between 9 PM. and 3 AM. Blood
concentration is helpful. Adult nematodes live in the lymphatics. Prolonged infections cause obstruction of lymph flow,
resulting in elephantiasis of the lower extremities, genitalia, or breasts. Other symptoms include fever and eosinophilia
caused by allergic reactions to the parasite. Culex, Aedes, Mansonia, and Anopheles mosquitoes serve as intermedi-
ate hosts of W, bancrofti and are found in tropical areas worldwide.

Brugia malayi (Malayan filaria) sheathed microfilaria (400). Diagnosis: recovery of characteristic microfilariae in
blood at night. The sheath stains pink with Giemsa. Note that the nuclei occur in groups to the end of the tail, with
two nuclei in the tip (middle right of photograph). These features are diagnostic. The disease produced is essentially
identical to W, bancrofti but is found primarily in Southeast Asia, India, and China. These microfilariae also exhibit
nocturnal periodicity in the blood and the mosquito vectors are species of Mansonia, Aedes, and Anopheles.

Loa loa (African eyeworm) microfilaria (400X). Diagnosis: recovery of characteristic microfilariae in blood. The sheath
does not stain with Giemsa. In this thick blood smear, the sheathed microfilaria can be seen, measuring
250 pm in length. Note that cell nuclei occur in groups through most of the body but are seen in a single line to the
tip of the posterior end of the tail (upper right of photograph). This feature is diagnostic. In humans, adults migrate
throughout the subcutaneous tissues, causing transient swellings called Calabar swellings. Adults may be seen
migrating through the conjunctiva of the eye. Microfilariae are most prevalent in the blood during the day (diurnal
periodicity), and the vector is the mango fly (Chrysops). The disease is chronic and relatively benign, although allergic
reactions may occur, causing edema, itching, and eosinophilia. This parasite is found in West and Central Africa.

Children with distinct fibrous nodules on their bodies, which contain adult worms and microfilariae of Onchocerca volvulus.
The female discharges microfilariae that migrate through the skin but do not enter the blood. The disease is chronic and
nonfatal. Allergic reactions to microfilariae cause local symptoms. If microfilariae reach the eye, blindness may occur. This
parasite is a major cause of blindness (river blindness) in Africa. Diagnosis is made by excising a nodule with recovery of
adult worms or by detecting microfilariae in a tissue scraping of the nodule or a skin snip. When present in the eye,
microfilariae may be observed with an ophthalmic microscope. The vector is the black fly, Simulium, which breeds in
running water, and the disease is found in Central America, parts of northern South America, and west-central Africa.

Onchocerca volvulus diagnostic stage microfilaria (100) present in a tissue scraping of a skin nodule. The microfilar-
iae are unsheathed and the pointed, often flexed tail contains no cell nuclei. Differentiate from Mansonella streptocerca
microfilariae, which are also found in skin snips, by the tails, which, in M. streptocerca, are bent into button-hook shapes
and have nuclei extending into the tips.
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Dracunculus medinensis (Guinea worm). Diagnosis: detection of the adult in local lesions. This view shows part of
a female worm protruding from an ulcer and wrapped around a match stick. The female is 70 to 120 cm X 2 mm
in length. These worms release larvae into water. Infection occurs when a human drinks water containing crustaceans
of the genus Cyclops (the intermediate host) infected with a larva of D. medinensis. Larvae liberated from the cope-
pods in the human small intestine migrate through the viscera to the subcutaneous tissues and become adults. In
the subcutaneous tissues, the female induces an ulcer and releases larvae into water. Larvae released into fresh
water penetrate the Cyclops's intermediate host. The major clinical manifestation of this disease includes allergic
symptoms, that is, fever, diarrhea, nausea, eosinophilia, and local symptoms caused by ulcer formation. This parasite
is found in the Middle East, Central Africa, the West Indies, and the Guianas. Species that parasitize animals have
been found in North America.

The Cestoda are a subclass of endoparasitic Platyhelminthes (flatworms); the cestodes are commonly known
as the tapeworms. The adults live in the intestinal tract of vertebrates, whereas larval forms inhabit tissues of
vertebrates or invertebrates. The head (scolex) is modified by suckers and sometimes hooks for attachment
to the intestinal wall, and the segments (proglottids), containing both male and female sex organs, bud from
the posterior end of the scolex to form the body of the tapeworm (the strobila). The length of tapeworms
varies from 2 to 3 mm up to 10 meters. Infection in humans produces primarily intestinal symptoms. Trans-
mission to humans occurs (depending on the species) when insufficiently cooked food containing larvae is
eaten or when eggs are ingested.
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Hymenolepis nana (dwarf tapeworm) egg (400X). Diagnosis: recovery of characteristic clear, spherical, 30 to
47 um eggs in feces. Note the threadlike filaments that radiate from two polar thickenings into the area between the
embryo and outer shell. Three pairs of hooklets may be seen on the embryo inside the inner shell. Infection is by
ingestion of the egg, which hatches in the duodenum. The embryo penetrates the mucosa, where it matures to a
cysticercoid larva in the intestinal wall. The larva emerges in a few days and develops to an adult worm. No separate
intermediate host is required.

Hymenolepis nana egg (100X). A low-power view of another egg. The rat tapeworm (H. diminuta) may also infect
humans; the egg is much larger (70 to 85 pm) and has no polar filaments.

Hymenolepis nana mature proglottids (100). The proglottid contains a bilobed ovary and three round testes. The
testes are visible but the ovary is not easily seen in this view. Segments are tiny and usually disintegrate in the intes-
tine before passage in the feces. The whole worm measures 2.5 to 4 cm and is the smallest tapeworm to parasitize
humans. Multiple infections are common because eggs can hatch in the intestinal tract and cause an immediate
autoinfection as the larvae enter the mucosa. The body of the worm (the strobila) contains about 200 proglottids.
Each of these flattened segments contains complete male and female reproductive organs. All nutrients are absorbed
from the intestine of the host through the tegument of the tapeworm.

Hymenolepis nana scolex (100x). The small scolex bears four suckers and a retractable rostellar crown with one
row of 20 to 30 hooklets. These structures provide for firm attachment to the intestinal mucosa. Light infections may
be asymptomatic but heavy infections produce diarrhea, vomiting, weight loss, and anal irritation. This parasite is
found in India and South America and is common in children in the southeastern United States. Autoinfection may
occur if eggs hatch inside the host but usually reinfection is caused by hand-to-mouth transfer of eggs after scratch-
ing the irritated anal region.

Taenia species egg. Taenia solium (pork tapeworm) or T. saginata (beef tapeworm) egg (400X). Taenia eggs
(30 to 45 pm) are diagnostic for the genus only. Notice the thick, yellow-brown outer shell with its radial striations.
The hexacanth embryo inside the eggshell bears six chitin hooklets. The six hooklets are not visible in this view. Eggs
of T solium are infective for both pigs and humans. If eggs are accidentally ingested by humans, they hatch, just as
they do in pigs, in the small intestine. Larval forms (Cysticercus cellulosae) develop in the subcutaneous tissues, stri-
ated muscles, and other tissues of the body. Symptoms vary with the location of the cyst. Eggs of T saginata are not at
all infective for humans. The source of human infection with the adult pork or beef tapeworm is ingestion of insuffi-
ciently cooked pork or beef containing encysted Cysticercus larvae. After being digested free, the scolex in the Cys-
ticercus everts and attaches to the small intestine and the larva grows to become an adult in 6 to 10 weeks.

Taenia spp. eggs (100x). This view shows four eggs at low power. Pollen grains may resemble eggs under low
power.

Taenia solium (pork or “armed” tapeworm) scolex (100X). Four suckers and a rostellum bearing 20 to 30 large
hooks are set in two rows at the anterior end of the scolex. T saginata can be differentiated from T. solium because
the T. saginata scolex does not have hooks, only four suckers, and is therefore said to be “unarmed”
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Taenia saginata (beef tapeworm) scolex (100X). This is the unarmed tapeworm; the scolex bears only four large,
cup-shaped suckers and no hooks.

Taenia solium gravid proglottid (5X). The adult worm measures 2 to 8 meters in length, usually with fewer than
1,000 proglottids. The gravid proglottid has 7 to 13 (usually 9) lateral uterine branches (here stained dark brown)
filled with eggs, which is diagnostic for the species when recovered in the feces. Gravid proglottids of Taenia species
must burst open to release eggs because they have no uterine opening. (Note: Handle with care because eggs are
infective.)

Taenia saginata (beef tapeworm) gravid proglottid (5X). The adult measures 5 to 10 meters in length and
has 1,000 to 2,000 proglottids. Each gravid proglottid has 15 to 30 lateral uterine branches containing about
80,000 eggs, which is diagnostic for the species when recovered in feces. The life cycle of both worms requires that
the eggs be ingested by the appropriate intermediate host (the pig or cow). The eggs hatch in the small intestine
after ingestion by the intermediate host and the six-hooked embryos penetrate the mucosal wall. They are carried
by the circulation (blood and lymphatic) to various tissues, where they encyst. Undercooked or raw beef or pork
containing cysticercus larvae, when ingested, allow larvae to develop into adults. Toxic metabolites and irritation at the
site of scolex attachment in the intestine by adult worms cause the human clinical symptoms. These are variable and
frequently vague and include abdominal distress, weight loss, and neuropathies.

Diphyllobothrium latum (broad fish tapeworm) egg (400X). D. latum eggs (56 to 76 ym X 40 to 50 pym) are
operculated (have a lid) and may be differentiated from operculated eggs of other helminths by the polar knob seen
opposite the operculum, the large size, and the undeveloped embryo seen within. Diagnosis is made when these
eggs are recovered in stool specimens. Undeveloped eggs discharged from segments of the adult tapeworm must
reach fresh water, where they mature and hatch, and the embryo infects the first intermediate host (copepods). Fish
ingest infected copepods (water fleas) and serve as the second intermediate host. Humans and dogs acquire the
infection by eating raw or undercooked parasitized fish containing the infective larval stage, the plerocercoid.

Diphyllobothrium latum egg (400x). The operculum (eggshell cap) of this egg is open. A polar knob is evident at
the opposite end of the shell.

Diphyllobothrium latum egg (100X). A low-power view of the same egg.

Diphyllobothrium latem scolex (5X). The scolex of this species does not have hooks or cup-shaped suckers but is
characterized by two grooved suckers (bothria), one on each side of the scolex. This worm attaches to the mucosa
of the small intestine by the bothria and can grow to 20 meters in length. Eggs develop in cold, clear lakes in tem-
perate regions, including the Great Lakes in North America.

Diphyllobothrium latum proglottid (10x). The mature segment is much wider than it is tall and contains a rosette-
shaped uterus. There is a uterine pore through which eggs are discharged. This parasite is found worldwide in areas
around fresh water. In the United States, it is found in Florida, the Great Lakes region, and Alaska. The disease is
often asymptomatic or is accompanied by vague, digestive disturbances. Some patients develop a macrocytic
anemia of the pernicious anemia type because the worm successfully competes with the host for dietary vitamin B,
and absorbs it before it can enter the host's circulation. Chains of proglottids may be found in feces.
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Echinococcus granulosus (dog tapeworm or hydatid cyst tapeworm) adult (5X). This view shows the entire worm,
which is 3 to 6 mm long and is found only in the small intestine of the canine host. The dog or wolf is the definitive
host and harbors the sexually mature adult parasites. Sheep and other ruminants are natural intermediate hosts
and harbor the asexual stage of the parasite in the tissues, but a human can be an accidental intermediate host
for E. granulosus. Infection of sheep or humans occurs when eggs are ingested in contaminated food or water or by
hand-to-mouth transfer from objects soiled with dog feces. Eggs hatch in the small intestine and larvae migrate to
various organs (usually the liver or lung) to produce cysts. Dogs and other wild carnivores become infected by
eating raw meat containing a hydatid cyst, thus completing the cycle. In humans the produced disease varies with
the location of the cyst. There may be no symptoms or death may result if vital organs are involved. The parasite is
found worldwide. Although rare in Europe and most of the United States, except in sheep-raising areas, it is common
in Alaska and Canada. Diagnosis in humans is by history of possible exposure, by radiology, by immunodiagnostic
skin testing or serologic testing, and by observing hooklets, scolices, and larval cyst membranes in histopathological
sections or other body fluids.

Echinococcus granulosus (100X). A tissue section showing the wall of the hydatid cyst and three brood capsules
containing scolices growing into the cyst fluid from germinal tissue that underlies the outer cyst wall.

Echinococcus granulosus (500%). A higher magnification of a single cyst. Each scolex clearly shows the suckers and
crown of hooks. Each scolex in a hydatid cyst will grow to an adult tapeworm after ingestion by a dog.

Echinococcus granulosus cysts. This view shows several small cysts taken from the vertebral column of a patient with
spinal cord compression. Cysts in humans can be in any tissue, including bone, but are more common in the liver,
lung, or central nervous system (CNS).

The Digenea (flukes) are known as flatworms because they appear flat, elongated, and leaf-shaped. Both male
and female sex organs are found in each adult fluke that parasitizes the intestine, bile duct, or lungs. The blood
flukes (genus Schistosoma), however, are unisexual but live paired together in the blood vessels. Attachment
is by the oral and ventral cup-shaped suckers; moreover, the tegument of the flukes may bear small spines
that aid attachment. These parasites vary in size from less than 1 mm to several centimeters in length. All
trematodes require specific species of snail intermediate hosts and infection of humans occurs either by
direct penetration of the skin by a free-swimming cercaria (schistosome species) or by ingestion of an
encysted metacercaria (infective larva) of hermaphroditic flukes. Adult flukes live for many years.
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Fasciola hepatica (sheep liver fluke) adult (2x). This parasite is found in sheep- and cattle-raising areas worldwide, in-
cluding the United States. Encysted metacercariae on aquatic vegetation, eaten by humans, sheep, or cattle, excyst,
burrow through the intestinal wall, migrate to the liver, and work their way through the parenchyma until they enter
the proximal bile duct, where they become adults (3 cm X 1.3 cm). Visible structures include the anterior cone, the
oral and ventral suckers located at the anterior end, the compact uterus (dark brown) adjacent to the ventral sucker,
Mehlis' gland (a round structure centered beneath the uterus), and the testes, occupying the central portion of the
fluke. The vitellaria (finely branching, yolk-producing glands) extend from top to bottom toward the outer edges of
the parasite and partially cover the testes over the posterior one-third. Disease symptoms reflect traumatic damage,
with tissue necrosis and toxic irritation to the liver, bile duct, and gallbladder. Diarrhea, vomiting, irregular fever,
jaundice, and eosinophilia are characteristic symptoms.

Fasciola hepatica egg (400X). Diagnosis: by recovery of this large, operculated egg in feces and by clinical signs. This
egg is very similar to that of Fasciolopsis buski (see Plate 57). Differentiation of eggs of these two parasites is very
difficult. Eggs of . hepatica measure 140 pm X 70 pm.

Fasciola hepatica egg (100X). A low-power view of the large £ hepatica egg in the midst of naturally occurring
fecal debris.

Fasciolopsis buski (large intestinal fluke) (2X). £ buski (2 to 75 cm X 1 to 2 cm) is found primarily in Asia.
Encysted larvae (metacercariae) on vegetation eaten by humans or pigs mature to become adults and attach to the
mucosa of the small intestine. Identifiable and differential structures include the unbranched intestinal ceca running
laterally from top to bottom toward the outer edges; the two suckers of unequal size (round structures at the top of
the organism); the uterus (a dark canal centered under the ventral sucker, branching laterally); Mehlis" gland with an
attached ovary centered approximately one-third of the way posterior to the ventral sucker; and the testes, branching
laterally from the center, beneath the ovary. The anterior end tapers to form the oral sucker, which is visible in this
view. Disease symptoms caused by toxic products absorbed into the host's circulation include general edema,
diarrhea, vomiting, anorexia, and, possibly, malabsorption syndrome. Slight anemia and eosinophilia occur in severe
infections.
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Fasciolopsis buski egg (400X). Recovery of this large, thin-shelled, operculated egg (140 pm X 70 pm) is diagnos-
tic. The operculum (lid) is visible here, open at the right end of the egg. This egg is empty; it was previously
incubated and the larva has hatched out of the shell.

Fasciolopsis buski egg (100X). Immediately below this large egg appears a Trichuris trichiura egg; this is a very good
example of the difference in size between the eggs of the two organisms. The operculum is visible at the left end of
the fluke egg and the material inside of it is yolk. Most of the trematode eggs are undifferentiated when found in
fecal specimens. Eggs of all species must reach fresh water before further development occurs. After full develop-
ment, the first larval form (miracidium) hatches and penetrates the soft tissues of an appropriate intermediate host,
the snail. The miracidia develop through several stages to produce free-swimming cercariae, which then (in this
species) encyst on aquatic vegetation as metacercariae, which are infective when the vegetation is eaten by a
human. Fasciola hepatica eggs look identical.

Clonorchis sinensis (Oriental liver fluke) (4X). This adult measures 110 2.5 cm X 3 to 5 mm. Humans are infected
by eating raw fish, the second intermediate host, containing encysted metacercariae. Larvae excyst in the small intes-
tine and migrate to the bile ducts, where they develop into adult worms. Visible structures include the oral sucker at
the anterior end, the ventral sucker one-quarter posteriorly to the oral sucker, the uterus (a dark, branching structure
extending downward from the ventral sucker to the ovary), and the testes, immediately below the large, oval Mehlis’
gland. The ceca extend from top to bottom toward the outer edge. The vitellaria are parallel to the uterus. This
parasite is found throughout Asia and causes obstructive liver damage with extensive biliary fibrosis. Symptoms result
from local irritation and systemic toxemia. Loss of appetite, diarrhea, abdominal pain, and 5% to 40% eosinophilia
are common symptoms.

Clonorchis sinensis egg (500%). Eggs (15 um X 30 um) are deposited in the bile duct and are evacuated in feces.
Diagnosis: recovery of this small, bile-stained egg in feces. Note the thick shell, the characteristic bell shape, and the
thickened opercular rim (the shoulders). There is usually a polar knob opposite the operculum.

Clonorchis sinensis egg (100x). A low-power view of a developed C. sinensis egg. The eggs are difficult to differen-
tiate from those of other genera (e.g., Opisthorchis).

Paragonimus westermani  (lung fluke) (4Xx). This lung-dwelling adult measures 0.8 to 1.2 cm
X 4 to 6 mm. Humans are infected by eating raw crab or crayfish, the second intermediate host, containing encysted
metacercariae. Larvae excyst in the small intestine; burrow through the mucosa; and migrate through the peritoneal
cavity, the diaphragm, and the pleural cavity to the lungs, where they develop into adult worms. Visible structures
include the oral sucker at the anterior end; the ovary, which is immediately below the ventral sucker about midway
down in the organism; the dark-staining uterus to the left of the ovary; and the testes, located in the clear space
beneath the ovary. The branching vitellaria are visible along the outer edges of the parasite. This parasite is found
throughout Asia and parts of Africa. It causes a chronic tuberculosis-type disease with fibrous capsules forming around
the adults. Eggs are coughed up in sputum and are visible as orange-brown flecks. Clinical signs resemble those of
tuberculosis, including cough with bloody sputum. Adults may invade other organs. Symptoms vary with the location
of the adult fluke.

Paragonimus westermani egg (300X ). Diagnosis: recovery of this operculated egg (80 to 120 pm X 50 to 60 um)
in sputum or feces. Eggs can be found in fecal specimens when sputum containing eggsis swallowed. Skin testing
may provide better evidence of infections than do fecal examinations. Notice the thin shell and the thickened rim
around the operculum. The shell also thickens at the end opposite the operculum.

Paragonimus westermani egg (100X). A low-power view of the egg in the center of fecal debris.
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Schistosoma species (blood flukes). Adults are in copula. The female (15 to 30 mm X 0.2 mm) is seen lying inside
the gynecophoral canal of the male. These unisexual worms have a cylindroidal shape and live in pairs, surviving for
many years. Infection occurs when free-swimming, fork-tailed cercariae escape from the snail intermediate host;
burrow into the capillary bed of feet, legs, or arms of humans; and are carried to the blood vessels of the liver,
where they develop into adults. From there, S. mansoni and S. japonicum migrate to mesenteric veins around the
colon. S. haematobium migrates to pelvic veins around the urinary bladder.

Schistosoma mansoni egg (400X). Diagnosis: recovery of eggs in feces. Unlike the other trematodes, schistosome
eggs do not have an operculum. Note the large size (115 to 175 pm X 50 to 70 pm) and the conspicuous lateral
spine protruding from the side near one pole. A ciliated miracidium is indistinct but visible inside this egg, but in fresh
specimens it is generally distinct and motile, with active cilia and flame cells. Eggs are deposited into venules, even-
tually rupture the wall to effect passage into the lumen of the intestine, and are evacuated in the feces. Many eggs
are caught in tissues of the liver and intestine, and a granuloma forms around each egg in response to toxic enzymes
released by the miracidium. Clinical manifestations include up to 50% eosinophilia, gastrointestinal bleeding, rectal
polyps, and hepatic cirrhosis. This parasite is found in Africa, the Middle East, parts of South America, the West Indies,
and Puerto Rico. Infected persons can frequently be found in immigrant populations living in North American urban
centers.

Schistosoma mansoni egg (100x). A low-power view of several eggs. Note the lateral spines on the eggs.

Schistosoma japonicum egg (400x). Diagnosis: recovery of eggs in feces. This egg measures 70 to 100 um X
50 to 60 pm. A small lateral spine on the eggshell is characteristic for this species. A ciliated miracidium is seen
inside the egg. The produced disease is similar to that of S. mansoni. Because S. japonicum produces 10 times as
many eggs as S. mansoni, the disease is more severe. Many eggs are swept back into the bloodstream to the liver
and are trapped, causing fibrosis and cirrhosis of the liver. Toxic symptoms are severe. This parasite is found in Asia.

Schistosoma japonicum eggs (100X). A low-power view of several eggs. The lateral spine is barely visible in some
eggs. S. mekongi eggs are similar but small (50 to 75 pm X 40 to 65 um). These eggs are often coated with fecal
debris and are more difficult to notice.

Schistosoma haematobium egg (400X). Diagnosis: recovery of eggs in urine. This egg measures 115 to 175 pm
X 40 to 70 ym. A pointed terminal spine is characteristic for this species. A ciliated miracidium is visible inside. Egg
deposition by S. haematobium causes local traumatic damage to the rectum and the urinary bladder. Bladder colic
is a cardinal symptom. Blood, pus cells, and necrotic tissue debris are passed during urination. Systemic symptoms
are less severe than those produced by the other schistosomes. There is a high correlation with bladder cancer in
infected persons. This parasite is found in Africa, the Middle East, and Portugal.

Schistosoma haematobium egg (300X). A high-power view of the egg, showing a differently shaped terminal spine.
Urine should be concentrated to aid detection. Eggs are most often in the last few drops expelled from the bladder.

Amebae are unicellular protozoa, some of which may be parasitic in humans. These organisms are found
worldwide and some can live as parasitic or nonpathogenic trophozoites (the motile, feeding, reproductive
stage) in the lower gastrointestinal tract of humans. Most intestinal protozoa form a cyst stage (a dormant,
protective stage for the parasite in unfavorable environments after being evacuated in the host's feces), and
in the cyst form may remain viable for long periods in warm, moist conditions. Transmission of intestinal
amebic diseases is from ingested cysts in fecally contaminated food, soil, or water. Cysts are most commonly
passed in feces by asymptomatic carriers.

72.

Entamoeba histolytica/E. dispar trophozoite (10 to 60 pm) (1,000X). This ameba is pathogenic for humans. It can
invade the intestinal mucosa, causing flask-shaped lesions and bloody diarrhea. The trophozoite releases Iytic
enzymes and can also spread to other tissues, such as the liver, and cause amebic ulceration. E. dispar is identical in
appearance to E. histolytica, but is nonpathogenic. The differentiating characteristic of these two forms is confirmed
when engulfed red blood cells are visible inside E. histolytica trophozoites. Notice the nucleus, which has a light chro-
matin ring at the edges, surrounding a centrally located karyosome (compare with Entamoeba col, Plate 78). The
cytoplasm is finely granular as compared with that of £ coli. This is a trichrome-stained organism.
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Entamoeba histolytica (1,000X). This trophozoite in feces contains five engulfed red blood cells, the presence of
which is a diagnostic feature, inasmuch as no other ameba contains these. This characteristic is used to differentiate
E. histolytica from E. dispar. In a saline solution, the trophozoite exhibits progressive, active motility, with thin, finger-
like pseudopodia.

Entamoeba histolytica/E. dispar cyst (1,000X). Cysts of E. histolytica/dispar are over 10 mm in size (10 to 20 pm).
There are up to four typical nuclei in the mature cyst. One nucleus is clearly visible here. The nuclear structure is iden-
tical in both trophozoites and cysts. The dark cigar-shaped bars are chromatoid bodies, which are crystalline RNA. Iron
hematoxylin stain.

Entamoeba histolytica/E. dispar cyst (1,000%) showing four nuclei. lodine stain.

Entamoeba hartmanni trophozoite (1,000%). Note the morphologic similarity between the nucleus of this commensal
and that in Plate 72. This organism was previously identified as E. histolytica but is now known as E. hartmanni. It is not
pathogenic but morphologically resembles E. histolytica, differing only in size; it is less than 10 um in size. This charac-
teristic is important because correct diagnosis depends on the careful measurement of the parasite. A trophozoite or cyst
resembling E. histolytica that is less than 10 mm in diameter is classified as E. hartmanni.

Entamoeba hartmanni cyst (1,000X). The cyst (5 to 10 pym) resembles that of £. histolytica but is classified
as E. hartmanni because of its small size, the upper limits being 10 pm. This cyst is stained with iodine. It can have
up to four nuclei. It is important to differentiate E. histolytica from this and other nonpathogenic amebae to ensure
correct treatment of the patient.

Entamoeba coli trophozoite (1,000x). This commonly-encountered nonpathogenic ameba must be differentiated
from E. histolytica. Notice the nucleus, which has a dark, irregularly thickened chromatin ring around the membrane
and a large, eccentrically located karyosome. This parasite is often larger than E. histolytica (15 to 60 pm) and has
coarser cytoplasm and sluggish motility, with blunt pseudopodia.

Entamoeba coli trophozoite (1,000X). This trophozoite has a very large karyosome located next to the chromatin ring.

Entamoeba coli cyst (1,000%). Five nuclei are visible in the cyst (10 to 30 pm). E. coli is differentiated
from E. histolytica by the nuclear morphology and by the fact that the cyst may contain up to eight nuclei, rather
than four. Chromatoid bars in stained cysts are splinterlike, with pointed ends.
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Entamoeba coli cysts (100X). A low-power view of several cysts. One is seen at the center of the field and several
others are evident in the lower left area, all appearing as dark dots. This view demonstrates the importance of scan-
ning a part of all fecal slides under high power so that protozoa are not missed. These cysts also should be examined
at even higher magnifications to see the nuclei and other features for correct diagnosis of the parasite species.

Endolimax nana trophozoite (1,000%). Note the large karyosome in the nucleus. The fine chromatin ring is not
usually visible. This feature is diagnostic for this nonpathogen (6 to 12 pm). Note also the cytoplasmic vacuoles.

Endolimax nana cyst (2,000x). The ovoid mature cyst has four nuclei. Note the large karyosome (dark dots).
The chromatin ring is not visible. These features are diagnostic. This parasite (8 to 10 pm) may be confused
with E. histolytica if care is not taken when examining the nuclear structure and the cyst shape.

lodamoeba buitschlii trophozoite (1,000%). Note the large karyosome and light chromatin ring in the nucleus of the
organism (12 to 15 pm). The cytoplasm is coarsely granular and a small, light vacuole that contains glycogen is
visible.

lodamoeba biitschlii cyst (1,000%). Note the large karyosome in the single nucleus of this trichrome-stained cyst
(5 to 20 um). A large vacuole from which glycogen has been removed by the staining process is visible (clear area
inside the cyst), which is diagnostic for this nonpathogen. The glycogen vacuole stains dark brown when an iodine
wet mount is used. The nucleus of this species does not stain with iodine.

Flagellates are unicellular protozoa that move by means of flagella (motile fibrils extending from the body of
the organism). Many of the flagellates have a trophozoite stage, which is the active, feeding, motile form, and
also a cyst stage, which is a dormant, protective stage for the parasite in unfavorable environments outside
the host's intestine. Transmission of the intestinal flagellates is by ingestion of fecally contaminated food or
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