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Preface

The first edition of Markell and Voge’s Medical Parasitology was published 48 years ago in 1958
under the title of Diagnostic Medical Parasitology. The name was abbreviated to Medical
Parasitology with the second edition and remained as such until the eighth edition, at which
time the current title was adopted. Marietta Voge passed away in 1984 at the age of 66 and
Edward Markell in 1998 at the age of 80.The present edition is the first revision that one
or both of them have not been involved with.

By way of historical note, Dr. Markell received his PhD in zoology from the University
of California, Berkeley in 1942 and his MD from Stanford University in 1951. Dr. Voge
received her PhD also from the University of California, Berkeley in 1950. They were both
assistant professors at the University of California, Los Angeles, School of Medicine when
they published the first edition of Medical Parasitology.

I became co-author with the sixth edition and Al Krotoski with the eighth edition.
Dr. Krotoski and I both received our introduction to the field of parasitology through the
first edition of Medical Parasitology. Dr. Krotoski retired from active professional work in 1995
and has decided not to participate in further editions of the book. My collaboration with
Al Krotoski has been most enjoyable and productive and it was with regret that I accepted
his decision to withdraw from authorship.

With the ninth edition, I am indeed fortunate to have William Petri become co-author.
Dr. Petri earned his MD and PhD degrees from the University of Virginia, Charlottesville,
where currently he is Professor and Chief of the Division of Infectious Diseases and
International Health. Dr. Petri is a past president of the American Society of Tropical Medicine
and Hygiene and his research has been with Entamoeba histolytica and amebiasis. His research
has taken him around the world as an invited lecturer to Australia, Japan, Thailand,
Bangladesh, India, Turkey, Israel, France, Germany, Argentina, Mexico, Canada, and through-
out the United States.

Ed Markell was born in Brooklyn, New York, but he had a knack for recruiting
“non-natives” to work with him on the book. Marietta Voge was born in Yugoslavia,
Al Krotoski in Latvia, and I was born in Nigeria. Bill Petri was born in Washington, DC,
so we have come full circle. A good sign, I believe.

This book is intended primarily for the medical student and the physician, but it is
equally useful to the medical technologist and others who are concerned with the laboratory
identification of the parasites of humans. All the chapters have been thoroughly updated and
give current information on the life cycles of the human parasites and on the epidemiology,
immunology, diagnosis, and treatment of the diseases they cause.

David T. John, MSPH, PhD
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CHAPTER

Introduction

With the nearly simultaneous development of antibiotic drugs, synthetic pesticides, and var-
ious new antiparasitic agents, it was for a time widely believed that the infectious diseases
would for all practical purposes disappear from the clinical scene. That this has not happened
is obvious. Bacterial resistance appeared early; modifications of host resistance have resulted
in the appearance of numbers of organisms in unfamiliar pathogenic roles. DDT and other
insecticides not only have failed to eliminate the vectors of malaria, filariasis, and other
parasitic diseases but have themselves brought on problems too well known to require men-
tion here. The development of resistance to the synthetic antimalarials has been an ominous
occurrence. The increased mobility of large segments of the population, and popularity of
the tropics and subtropics as vacation areas, exposes them to a largely undiminished threat
of parasitic infection, and the speed of transportation ensures that many will return to their
native shores before their infections become patent. Refugees from war-torn areas have
brought with them infections seldom encountered by physicians in North America and
Europe. For these reasons it remains necessary that all physicians have some familiarity with
the parasitic diseases, no matter how “exotic.”

Modifications of the environment, as typified by construction of the Aswan Dam and
the Transamazon Highway in Brazil, have brought about major increases in parasitic disease.
Flooding of vast areas with the creation of Lake Nasser has resulted in new habitats for the
snail hosts of schistosomiasis and in a tremendous upsurge in incidence of that disease,
brought in by infected construction workers. Building the Transamazon Highway necessi-
tated the importation into the area of large numbers of susceptible laborers, causing them to
be exposed to the local enzootic diseases, notably leishmaniasis. It behooves us to consider
the impact of such projects on the ecology before rather than after the damage is done.

Global warming is suggested as a possible reason for the eventual spread of diseases now
seen primarily in the tropics to more temperature climes. In a provocative article, Killick-
Kendrick (1996) suggests that visceral leishmaniasis may become endemic in southern
England, based on a prediction that by the year 2025 that area will have a climate like that
presently seen in the south of France. Carriers of the disease (both human and canine) are
certainly present in Britain, but at the present time the sandfly vector has been seen only
as close to England as the Channel Islands (it occurs in France), and while its larvae can
overwinter in areas as cold as Britain, it requires a warmer summer for propagation.

An important development has been the appearance of the human immunodeficiency
virus (HIV) and its sequeal, the acquired immunodeficiency syndrome (AIDS), which results
in greatly increased prevalence and severity of a number of parasitic, viral, and bacterial
diseases. As immunosuppression becomes more widespread, not simply because of AIDS, but
also as necessitated by organ transplantation, the result of cancer chemotherapy, or the
indiscriminate release of toxic chemicals and carcinogens into the environment, heretofore
unknown or extremely rare infections are being reported from humans. A number of
these infections are covered in Chapter 11, Parasitic Infections in Immunocompromised
Hosts.

With the ever-increasing pressure of a crowded medical curriculum, the time allocated
to the study of protozoan, helminthic, and arthropod parasites has been severely curtailed in
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many institutions. The same demands of an expanded technology have depleted the ranks
of laboratory technologists with good training in parasitology. The primary purpose of this
book is to serve as a guide both to the clinical diagnosis and treatment and to the laboratory
diagnosis of the protozoan and helminthic diseases of medical importance, and to a lesser
extent to the arthropods in relation to disease.

While it is intended primarily for medical students and physicians, it is hoped that this
book will prove equally useful to medical technologists and all others concerned with
laboratory identification of the animal parasites of humans. The success of the cooperative
diagnostic efforts of the physician and laboratory technologist depends on a mutual apprecia-
tion of their several problems. In the chapters dealing with technical methods, the problems
of technologists are discussed; physicians will be better able to utilize laboratory services if
they understand them. The manner in which parasitic organisms are acquired and how they
produce disease in humans are perhaps of no direct importance to technologists. Yet a basic
understanding of these matters should not only make technologists’ work more interesting
but enable them to do it better and more efficiently.

Over the years, we have had requests to include more case histories. These are interesting
reading and tend to make the subject come alive, but properly presented they take up more
space than we can afford, and without adequate presentation they do not do justice to the
subject. The “Case Records of the Massachusetts General Hospital,” published in the New
England Journal of Medicine, are excellent and include many that deal with parasitic diseases.
References to those cases discussed in recent years are given at the end of this chapter.

A word of explanation is in order concerning the illustrations. They are largely original
and have been planned to emphasize points of diagnostic importance. The drawings that
accompany the chapter on intestinal protozoa are all made at the same magnification, to
facilitate a comparison of size ranges between different organisms and within a single
species. Structures not important from the standpoint of identification have been omitted
from the majority of drawings, with the purpose of emphasizing the features to which special
attention should be paid. Nuclear structure is of great importance in the identification of
many species of intestinal protozoa, but the variation that may be encountered is often a
source of confusion. Drawings of nuclei alone, illustrative of the range of nuclear variation
in the different species, have been included. These are not drawn to scale, but are all shown
at the same size.

With reference to therapy for parasitic infections, it must always be borne in mind that
most drugs intended to disembarrass the host of parasites do so on the basis of differential
toxicity. That is, the antiparasitic agent is, one hopes, more toxic to the parasite than to the
host. However, in some cases the margin is slim, and individual variation in host resistance
may render it even slimmer. Frequently, toxic side effects are to be expected as the price of
therapeutic effectiveness. It is to be hoped that, before treatment, the clinician will always
consider whether the parasite is causing, or has a reasonable potential of causing, more trou-
ble than may be anticipated from the treatment to be used. Treatment of certain parasitic
diseases 1s changing almost as rapidly as that of the bacterial infections, and it is essential for
the physician to keep abreast of the advances in this field. Review articles on this subject
appear every other year in The Medical Letter on Drugs and Therapeutics and in many journals
on a less regular basis. The Tiopical Diseases Bulletin, a monthly abstracting journal published
in England, lists the worldwide literature in tropical medicine, and occasional comprehensive
clinical reviews. Another source is Drug Information _for the Health Care Professional, vol. 1, pub-
lished yearly, originally by the U. S. Pharmacopeia but, since January 2004, now maintained
by Thomson Healthcare, Inc., in which the USP-approved drugs are listed by disease.

In this edition we have included references to papers on diagnosis (both clinical and
laboratory) and to treatment throughout the text, but we have in large measure attempted
to eliminate other references in which most readers will have marginal or no interest.
Where several studies are quoted and one paper refers to all, only that paper is usually
referenced.
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A list of some of the more important texts and monographs written in English is given
at the end of this chapter. English-language journals devoted to parasitology and tropical
medicine are also listed.

" Texts and Monographs

Abdalla SH, Pasvol G (eds.). Malaria: A hematological perspective, 448 pp, London, 2004, Imperial College
Press.
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eBook, Boca Raton, FL, 2003, CRC Press.
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Press.
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Goddard J. Physician’s guide to arthropods of medical importance, ed. 4, Boca Raton, FL, 2002, CRC Press.

Gutierrez Y. Diagnostic pathology of parasitic infections with clinical correlations, New York, 1999, Oxford
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Mahmoud AAF (ed.). Schistosomiasis, 524 pp, London, 2001, Imperial College Press.
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Nutman TB (ed.). Lymphatic filariasis, 292 pp, London, 2000, Imperial College Press.

Olson BE, Olson ME (eds.). Giardia: The cosmopolitan parasite, 352 pp, Wallingtord, Oxon, UK, 2002,
CABL

Orihel TC, Ash LR. Parasites in human tissues, 386 pp, Chicago, 1995, ASCP Press.

Peters W, Pasvol G. Tropical medicine and parasitology, ed. 5, 334 pp, Philadelphia, 2002, Elsevier Mosby.

Ravdin JI. Amebiasis, 196 pp, London, 2000, Imperial College Press.

Service MW (ed.). The encyclopedia of arthropod-transmitted infections, 608 pp, Wallingford, Oxon, UK,
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Thompson RCA, Lymbery AJ (eds.). Echinococcus and hydatid disease, 447 pp, Wallingford, Oxon, UK,
1995, CABL

Warren KS. Immunology & molecular biology of parasitic infections, ed. 3, 610 pp, Oxford, UK, 1993,
Blackwell Scientific.
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“Some Journals Devoted Wholly or in Part to
Medical Parasitology and Tropical Medicine
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American _Journal of Tropical Medicine and Hygiene
Annals of Tropical Medicine and Parasitology
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Some “Case Records of the Massachusetts
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CHAPTER

Parasites, Parasitism,
and Host R elations

In view of the tremendous numbers and diversity of living things and the varied circum-
stances of their existence, it is not surprising that they obtain their nourishment in many
different ways. These various methods have basic similarities, so that frequently it is difficult
to draw a firm line between one method of feeding and another. Many terms have been
devised to describe the relationships that exist between different kinds of plants and animals
at the fundamental food-seeking or food-supplying level. As these terms are not always used
by everyone to denote the same thing, the result may be confusion rather than clarity. We
need not concern ourselves here with many terms that have been created to designate slight
differences in relationship and shall adopt somewhat rigid definitions of those that we do
consider; however, it must be emphasized that any one organism may at different times
exhibit different nutritional habits or at a given time obtain its nutriment in more than one
way. If a definition is helpful in the understanding of a biological process, it is worthwhile, but it should
never be allowed to channel or limit one’s ideas.

In a consideration of the major nutritional relationships between difterent species, we
shall limit ourselves to those involving different kinds of animals, with the understanding
that much, but not all, of what is said may be extended to cover animal-plant interrelation-
ships as well. Fundamentally, there are two ways in which an animal may obtain food at the
expense of other animals. It may attack another living animal, consuming part or all of its
body for nourishment, in the process frequently but not necessarily killing it. This process is
known as predation; the attacker is the predator, and the victim the prey. Or an animal may
derive its nutrition from already dead animals, either devouring those dead of natural causes
or taking the leavings of a predator. Animals that subsist in this manner are known as scavengers.
Some animals are pure predators, others pure scavengers, but many predators are not averse
to an occasional bit of scavenging. Some animals always seek their food by their own efforts
or in association with others of their own species. This is the most conspicuous and perhaps
the most common way in which animals go about obtaining food; it is this large group to
which we commonly refer when we speak of scavengers and predators.

Other animals, still in essence predators or scavengers, have become so modified that
they are unable to obtain food except in close association, either continuous or at intervals,
with members of another species. This association of two species, perhaps primarily for food
getting on the part of one or both members of the group, is known as symbiosis.* Literally,
symbiosis means “living together,” and it may also involve protection or other advantages to
one or both partners. Different forms of symbiosis may be distinguished on the basis of
whether or not the association is detrimental to one of the two partners. Commensalism, from

*The definitions given here for symbiosis, commensalism, and mutualism differ from those used by many authors.
However, they conform to the recommendations of the Committee on Terminology of the American Society of
Parasitologists.
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the Latin for “eating at the same table,” denotes an association that is beneficial to one partner
and at least not disadvantageous to the other. A specialized type of commensalism known as
mutualism occurs when such associations are beneficial to both organisms. Parasitism, on the
contrary, is a symbiotic relationship in which one animal, the parasite, lives at the expense
of the other animal, the host. Parasitism, like other forms of symbiosis, necessarily involves
an intimate relationship between the two species, and it is this close and prolonged contact
that differentiates parasitism from the predatory activities of many nonparasites.

Parasitism as a way of life may be the only possibility for a given organism, or it may
be but one alternative. An organism that cannot survive in any other manner is called an
obligate parasite. A facultative parasite is an organism that may exist in a free-living state or as a
commensal and that, if opportunity presents itself, may become parasitic. It is implicit in this
term that the organism does not of necessity have to be a parasite at any stage of its exis-
tence. Some animals are obligatory parasites at one or more stages of their life cycles but free
living at others. The term “temporary parasite” is sometimes applied to such animals.
Parasites living within the host may be described as endoparasites, whereas those that are
found on the surface of the body are called ectoparasites.

Small organisms, such as mosquitoes, which must periodically seek out other and larger
forms on which to nourish themselves, have occasionally been called intermittent parasites.
This unhappy use of the term “parasite” comes from the assumption that a predator must
be larger and stronger than its prey, whereas a parasite 1s small and weak. This generalization
is certainly true of most predators and parasites, or at least of the most obvious ones.
However, the essence of the parasitic relationship, which separates it from predation, is the
protracted and intimate association between parasite and host. The association between the
mosquito and its victim is neither prolonged nor intimate. Those blood-sucking arthropods,
which lead an independent existence except for occasional nutritional forays, may be
referred to as micropredators.

Many organisms customarily considered to be parasites are actually commensals.
Entamoeba coli lives in the lumen of the intestine, subsists there on the bacterial flora of the
gut, and does its host no appreciable harm. This is a symbiotic relationship in which no
advantage or disadvantage accrues to the host, whereas the ameba is supplied with food and
protected from harm. Other cases are less definite.

Adaptations to Parasitism

The parasitic relationship probably evolved early in the history of living organisms. We know
little about how such relationships arose, but we may hypothesize that we can see in the
facultative parasite one possible initial step along the road to obligate parasitism. The possi-
bility of the adaptation of a parasitic mode of existence may depend on what is known as
preadaptation, or evolutionary changes that make possible existence in an environment that
otherwise would be unsuitable. Such preadaptive changes might be in the nature of increased
resistance to the enzymatic activities of the host. Further physiologic adaptations to
parasitism might involve the loss of enzymes or enzyme systems, which are then supplied
by the host. Such losses may be expected to make a parasitic, or at least a symbiotic
relationship, obligatory.

Certain groups of parasites exhibit profound morphologic adaptations to their way of
life. As might be expected, these modifications are more striking in those groups that are
wholly parasitic than in those that contain both free-living and parasitic species. Organs not
necessary to a parasitic existence are frequently lost. The only groups of protozoans that
contain nothing but parasitic forms are the phyla Apicomplexa and Microsporidia. Members
of these phyla have no locomotor organelles, although the structures are present in one form
or another in all other phyla of protozoa, even in their parasitic representatives. Most of the
free-living turbellarian flatworms are provided with a ciliated epidermis in the adult stage.
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Cilia are not found on the parasitic members of this group or on the related but strictly
parasitic trematodes and cestodes. A digestive tract, moderately complex in the turbellarians,
is generally reduced in the trematodes and is absent in the cestodes. The reproductive system
is highly developed in the two latter groups; this seems a reflection of the difficulties inherent
in transfer of these organisms to new hosts. Specialized attachment organs in the form of
suckers and hooks have been developed by the parasitic flatworms. Body size may be greatly
affected by the parasitic state. Although we think of parasites as small organisms, many of
them are much larger than their free-living relatives. The majority of free-living turbellarians
are less than a half centimeter in length, and while some land planarians may reach a half
meter, none approaches the length of 10 m or more seen in some tapeworms. Most
free-living nematodes barely attain naked-eye visibility as adults, but Ascaris can reach 35 cm
and Dracunculus as much as 1 m.

On a more basic level, the parasitic mode of existence may result in profound biochem-
ical changes. One of the most significant adaptations involves the loss of certain metabolic
pathways common to free-living organisms, a process aptly referred to as “streamlining.” The
parasite, no longer able to synthesize certain necessary cellular components, obtains them
instead from its host. Profound differences between metabolic pathways in parasite and host
characterize the Kinetoplastida (Leishmania and Trypanosoma species in humans), Entamoeba
histolytica, Giardia lamblia, and ‘Trichomonas vaginalis, as well as most, if not all, of the helminth
parasites. These metabolic differences between parasite and host may afford opportunity for
strategic chemotherapeutic efforts, as will be seen later.

Specialized mechanisms for effecting entrance into the body or tissues are seen in some
parasites. E. histolytica elaborates a proteolytic enzyme that aids its penetration of the
intestinal mucosa. No such enzyme has been found in the commensal E. coli. The cercarial
stage in the life cycle of the blood fluke is able to penetrate through the skin of humans to
produce infection. It does this with the aid of penetration glands, which produce an enzyme
capable of digesting the skin. The embryo of Hymenolepis nana, before developing into a
cysticercoid larva, penetrates an intestinal villus with the help of the six hooklets it bears.

Once within the host’s body, the parasite is subject to those defense mechanisms
mobilized in the immune response. Continuation of a parasitic relationship depends on how
successfully the immune response of the host is overcome. Many different defense mecha-
nisms have evolved, and many of these will be discussed in consideration of the individual
parasites. Immune evasion may involve such factors as location of the parasite in relatively
protected sites, changes in the parasite surface antigenic structure brought about in a variety
of ways, and active modification of the host immune response by products of parasite
metabolism.

Increased reproductive capacity has already been mentioned as characterizing two
parasitic groups in contrast with their free-living relatives. Most metazoan parasites exhibit
such an increase, which in some cases involves larval stages as well as adults. The chances that
a particular egg will successfully infect a new host are usually very small, and if more than
one host species 1s involved, the chance of successful completion of the cycle becomes still
smaller. If a parasite is successful in infecting an intermediate host, it is obviously advanta-
geous if the larval stage that develops there can multiply to produce many additional organ-
isms capable of infecting the definitive or a second intermediate host. Such a modification
is seen in the trematodes and many of the cestodes, where in the intermediate host a single
egg develops into a larva, which in turn produces many larvae of a more advanced kind.

Eftects of the Parasite on the Host

A parasite, by definition, is an organism that lives at the expense of its host; however, we have
already found that many organisms that are loosely termed parasites are in reality commensals.
Some may be truly parasitic at times and at other times commensal in their relationship to
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the host. In many instances it cannot be said with certainty whether an organism injures the
host. Even if we can be fairly sure that some injury is produced, we may not be able to detect
it. Thus, a distinction is made between hookworm disease and hookworm infection on the
basis of the presence or absence of clinical symptoms. Overt symptoms of infection with this
parasite may depend on the number of worms present, the nutritional status of the host,
or both.

Injury to the host may be brought about in many ways. Some of these mechanisms are
common to all parasites, even if this term is used in its broad sense to include bacteria,
viruses, and fungi. The most widespread type of injury is that brought about by interference
with the vital processes of the host through the action of secretions, excretions, or other
products of the parasite. Such interference is probably largely or exclusively on the level of
the host enzyme systems. Parasites producing such effects may be in the tissues or organs of
the host, in the bloodstream, or within the gastrointestinal tract, or they may even be
ectoparasitic. Invasion and destruction of host tissue may be distinguished from injury that
does not involve gross physical damage, although both types of injury reflect biochemical
changes brought about in the host tissue by the parasites. When the giant intestinal fluke,
Fasciolopsis buski, is present in large numbers, toxic symptoms are seen, but the precise cause
is unknown. E. histolytica erodes the intestinal wall, destroying the tissues locally by means of
a proteolytic enzyme. Malarial parasites invade and multiply in red blood cells, which are
destroyed in the process and may also attach to the walls of smaller blood vessels in the brain,
occluding them to produce localized ischemia. The helminth parasites, by virtue of their
size, may damage the host in other ways impossible for the smaller parasites. In addition to
its toxic eftects, F buski may produce severe local damage to the intestinal wall by means of
its powerful suckers. Ascaris may perforate the bowel wall, cause intestinal obstruction if
present in large numbers, and invade the appendix, bile duct, or other organs. Some parasites
exert their effects by depriving the host of essential substances. Thus, hookworms suck
blood and by so doing may deprive the host of more iron than is replaced by diet and so
bring about an anemia. The broad fish tapeworm Diphyllobothrium latum selectively removes
vitamin By, from the alimentary tract, producing a megaloblastic anemia in some infected
persons.

Effects of the Host on the Parasite

The effects of the parasite on the host are more obvious than those that operate in the
opposite direction, but the latter are nonetheless important. The genetic constitution of the
host may profoundly influence the host-parasite relationship. There are racial variations in
resistance to Plasmodium vivax, which are related to the presence or absence of the Duffy
blood group. There is also considerable evidence that possession of the sickle cell trait, an
inherited characteristic, is also associated with increased resistance to infection with the
malarial parasite Plasmodium falciparum.

The diet or nutritional status of the host may be of major importance in determining
the outcome of a parasitic infection. A high-protein diet has been found to be unfavorable
for the development of many intestinal protozoa, while a diet low in protein has been shown
to favor the appearance of symptoms of amebiasis and the complications of this disease. It
has been shown that a carbohydrate-rich diet favors the development of certain tapeworms,
and the presence of carbohydrate in the diet is known to be essential for some of these
worms. The general nutritional status of the host may be of considerable importance both
in determining whether a particular infection will be accompanied by symptoms and in
influencing their severity if present. Major nutritional disturbances may influence resistance
through their effects on the immune mechanisms of the host.

While the fundamental immune processes are generally considered to be the same as in
bacterial, viral, and mycotic infections, the details are much better known for bacteria and
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viruses than for protozoa and helminths. Every species of animal is naturally resistant to
infection by many organisms that parasitize different species. As we have seen in the case of
certain strains of malaria, resistance may also be a racial phenomenon. In some cases it has
been possible to adapt parasites to hosts that they normally infect poorly or not at all. This
does not necessarily involve changes in the host’s natural resistance but rather changes in the
parasite. Acquired immunity can be demonstrated in many parasitic diseases, and it is
generally found to be at a lower level than that produced by bacteria and viruses. Absolute
immunity to reinfection, as is generally seen following infection with smallpox, measles,
whooping cough, and a number of other viral and bacterial diseases, occurs rarely following
protozoal infections and probably never with helminth infections of humans. As yet, no
useful vaccines have been developed against protozoal or helminthic infections. Although
malaria is a likely candidate for a vaccine, recent field trials of potential malaria vaccines have
failed to meet expectations. Primary infection with Leishmania seems to confer a degree of
immunity to reinfection. While many protozoal and helminthic infections confer no long-
lasting immunity to reinfection, they do seem to stimulate resistance while the parasites are
still in the body. This resistance to hyperinfection, known as premunition, may be of great
importance in endemic areas in limiting the extent of infection with plasmodia, hookworms,
and other parasites.

Acquired immunity may be very important in modifying the severity of disease in
endemic areas, particularly diseases such as malaria, schistosomiasis, and filariasis. Infants born
in such areas to a semi-immune parent are at birth, and for some time thereafter, partially
protected by maternal antibodies acquired transplacentally. If infection with one such
parasite takes place during the first few months of life, it is likely not to be as severe as it
would otherwise have been, and repeated infections over the years keep the acquired
immunity at a high level and symptoms correspondingly mild. If, on the other hand, such a
person leaves the endemic area for a protracted period, the acquired immunity wanes, and
on returning to the endemic area that person may fare no better than someone becoming
infected after entering the endemic area for the first time.

Exciting new areas of research have dealt with the role of eosinophils in killing young
schistosomes and microfilariae, the ability of older schistosomes to induce immunosuppres-
sion in the host, the discovery of hostlike antigens on the surface of some parasites, and the
phenomenon of antigenic variation in trypanosomes.

The role of cytokines, and particularly of tumor necrosis factor (TINF) or cachectin, has
been the subject of much research activity. Cachectin, a major secretory product of activated
macrophages, in low doses is protective against experimental malaria in mice, stimulates the
killing of schistosomules by eosinophils in vitro, but paradoxically is thought to bring about
the state of cachexia seen in trypanosomiasis. Side eftects of administration of TNF to cancer
patients are almost identical to the various signs and symptoms seen in severe falciparum
malaria.

There is also increasing evidence of the importance of the “secretions and excretions”
of protozoa and helminths as antigenic substances stimulating host resistance. In
Tiypanosoma lewisi infections in rats, the metabolic products of the parasites are more eftective
in producing immunity than are the dead trypanosomes themselves. Various immunologic
tests have been devised based on the ability of the serum of an infected host to precipitate
the secretions or excretions of eggs, larvae, or adults of a number of different helminths.
Some of these are discussed in Chapter 16.

Parasites and the Compromised Host

This subject is covered in some detail in Chapter 11. We have already alluded to the
compromised host in reference to the relationship between nutritional status and the outcome
of a parasitic infection. Surgery, transfusion, intubation, and prolonged hospitalization are
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other ways in which the natural defenses of a patient may be compromised. The therapeutic
armamentarium of the modern physician is also capable of compromising these defenses.
Benefits to be derived from the use of corticosteroids and other immunosuppressive agents,
and of the antimetabolites, must always be weighed against their effects on the defenses of
the patient. Aggressive treatment of leukemia and other malignancies may pave the way for
fatal Toxoplasma infection, and acute amebic colitis may follow the use of corticosteroids for
presumed ulcerative colitis.

Parasitic infection of tissues compromised by malignant involvement is typified by the
report of primary gastric amebiasis in a case of reticulum cell sarcoma in which the resistant
normal gastric mucosa was largely supplanted by tumor cells. There is also good evidence
to suggest that certain helminthic infections, notably strongyloidiasis and trichinosis, may
flourish in immunologically compromised hosts.

Another type of immune compromise, the acquired immunodeficiency syndrome (AIDS),
renders patients particularly susceptible to toxoplasmosis, cyclosporiasis, cryptosporidiosis,
isosporiasis, and the disseminated form of strongyloidiasis, as well as a number of viral, fungal,
and bacterial diseases and malignancies such as Kaposi’s sarcoma.

Life Cycles of Protozoa and Helminths

Many parasitic organisms have but a single host, being transferred from one individual to
another of the same species either through direct physical contact or by means of resistant
or semiresistant forms that are able to survive a period outside or away from the host.
Entamoeba gingivalis, a commensal organism that inhabits the mouth, has no cyst stage or
other means of survival outside of the host, and it probably is transferred by direct contact.
Trichomonas hominis likewise is unable to form cysts, but it probably can survive for short
periods outside the body so that direct contact is not necessary. Many protozoa and
helminths have cyst stages or eggs that survive for some time away from the host and by
means of which new hosts become infected.

Parasitic infections may be carried from one host to another by arthropod vectors.
A vector may also be a host if development of the parasite takes place within its body. If the
arthropod is simply an instrument of passive transfer, we refer to it as mechanical vector. If a
fly, feeding on fecal matter containing cysts of E. histolytica, becomes contaminated with
some of these cysts, which it then transfers to food, it is acting as a mechanical vector of the
ameba. When an anopheline mosquito sucks blood from a malaria patient, the parasites must
develop in the mosquito before she is able to transmit the infection. In this instance the
mosquito is both host and biologic vector.

Some protozoa and many helminths have complex life cycles, with not one but two,
and sometimes more, hosts. When more than one host species is necessary to the develop-
ment of the parasite, that host in which sexual reproduction occurs is called the definitive
host. The species in which larval (or asexual if both sexual and asexual forms occur) stages
of the parasites develop are called infermediate hosts; they are usually designated first and
second intermediate hosts if there is more than one. Disconcerting as it may be to those
with a strictly anthropocentric point of view, humans are but the intermediate host of the
malarial parasite Plasmodium, which undergoes sexual reproduction in mosquitoes of the
genus Anopheles. Many protozoa are asexual; if an arthropod host is required in the life cycle
of an asexual parasite, one may refer to its vertebrate and invertebrate hosts.

Important Groups of Animal Parasites

The animal parasites of humans and most vertebrates are contained in five or more major
subdivisions or phyla. The single-celled Protozoa, long considered to be one phylum, have
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recently been divided into a number of groups assigned phylum rank. Those containing
organisms that can parasitize man include the Sarcomastigophora, Ciliophora, Apicomplexa,
and Microsporidia. Other phyla containing parasitic species include the Platyhelminthes or
flatworms; the Nematoda, or roundworms; the Acanthocephala, or thorny-headed worms;
and the Arthropoda, which includes the insects, spiders, mites, ticks, and so forth. With the
exception of the Apicomplexa, Microsporidia, and Acanthocephala, all these phyla contain
both parasitic and free-living forms. Within each phylum only those groups that include
species of medical importance are discussed here. Animal phyla may be subdivided into
classes and the latter into orders. Each order may again be divided into families containing
one or more genera and species. Assignment to these categories is made largely on the basis
of morphologic characters; identification of any animal parasite requires some knowledge of
its structure.

PHYLUM SARCOMASTIGOPHORA

This phylum is divided into two subphyla: the Mastigophora or flagellates, and the Sarcodina
or amebae. The ameboflagellates partake of the characters of both groups.

The Mastigophora move by means of specialized structures known as flagella. A flagellum
is a long, threadlike extension of cytoplasm that functions as a means of propelling the
organism. Flagella always arise from small intracytoplasmic granules known as blepharoplasts.
The number and position of flagella vary a great deal in different species. In addition to the
flagella, and often associated with them, one may observe a variety of structures that serve
supportive and other functions and give a characteristic appearance to each species.
A number of flagellates are blood parasites or inhabit the tissues, whereas others are found
in the alimentary canal. Most of the latter forms are commensals, but two species, Giardia
lamblia and Dientamoeba fragilis, are pathogenic.

Sarcodina contains those forms that move by means of cytoplasmic protrusions called
pseudopodia. This group includes all free-living amebae, as well as those that are symbiotic
in the intestinal tract and elsewhere in the body. Most of the amebae of humans are
commensals; one species, Entamoeba histolytica, is an important pathogen.

PHYLUM APICOMPLEXA

Members of this phylum, previously referred to as Sporozoa, are tissue parasites. While
reproduction in the Mastigophora and Sarcodina is usually asexual, Apicomplexa have a
complex life cycle with alternating sexual and asexual generations. Four species of Plasmodium
are found primarily as blood parasites and cause malaria; species of Isospora, Cyclospora,
Cryptosporidium, and Sarcocystis are parasitic in the mucosa of the intestinal tract, and
Toxoplasma and Sarcocystis are found in various organs and tissues.

PHYLUM MICROSPORIDIA

Formerly classified with the Sporozoa, members of the Microsporidia are minute intracel-
lular parasites of many kinds of vertebrates and invertebrates, and they differ significantly in
structure from the Apicomplexa. Microsporidia rarely cause disease in immunocompetent
persons, but may do so with greater frequency in immunosuppressed persons. A growing
body of evidence suggests that the microsporidia may be fungi-related organisms (Metenier
and Vivares, 2004).

PHYLUM CILIOPHORA

The ciliates include a variety of free-living and symbiotic species. Locomotion is accomplished
by means of cilia, relatively short threads of cytoplasm arising from small basal granules.
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Cilia are structurally similar to flagella but are usually shorter and more numerous. Some
ciliates are multinucleate, while others contain but two nuclei, a large macronucleus and a
small micronucleus. The only ciliate parasite of humans is Balantidium coli, found in the
intestinal tract. Although rare, it 1s important, as it may produce severe intestinal symptoms.

PHYLUM PLATYHELMINTHES

The Platyhelminthes, or flatworms, are multicellular animals characterized by a flat, bilaterally
symmetric body. Most flatworms are hermaphroditic, having both male and female repro-
ductive organs in the same individual. The sexes are separate in the schistosomes. Adults may
be less than 1 mm long or they may reach a length of many meters. Most members of the
phylum are symbionts, living on or in the body of their hosts. Free-living species belong to
the class Turbellaria, which also contains forms that are parasitic in lower animals. The classes
Trematoda and Cestoda contain parasitic forms only.

The Trematoda, or flukes, are leaf-shaped or elongate, slender organisms that possess
attachment organs in the form of hooks or cup-shaped muscular depressions called suckers.
A simple digestive tract is present. Of the three orders of the Trematoda, the order Digenea
contains all the species that are parasitic in humans. Members of this order have complex life
histories, with at least one intermediate molluscan host. Included in the digenetic trematodes
of humans are forms that parasitize the intestinal tract, the liver, the blood vessels, and the lungs.

Members of the class Cestoda typically have an elongate, ribbonlike, segmented body
that bears a specialized attachment organ, the scolex, anteriorly. A digestive tract is absent.
Adult cestodes or tapeworms inhabit the small intestine. With the exception of Hymenolepis
nana, cestode larvae require an intermediate host for development. Humans may be host to
either adult or larval stages, depending on the species of cestode.

PHYLUM NEMATODA

The nematodes, or roundworms, are elongate, cylindrical worms, frequently attenuated at
both ends. They possess a stift cuticle, which may be smooth or may be extended to form a
variety of structures, particularly at the anterior and posterior ends. The sexes are separate,
the male frequently being considerably smaller than the female. A well-developed digestive
tract is present. While most nematodes are free living, a large number of species parasitize
humans, animals, and plants. Intermediate hosts are necessary for the larval development of
some forms. Parasites of humans include intestinal and tissue-inhabiting species.

PHYLUM ACANTHOCEPHALA

The thorny-headed worms are all endoparasitic organisms, the anterior end of which is
modified into a hook-bearing, retractable proboscis that serves in attachment. A digestive
tract is absent. Sexes are separate, and males are usually smaller than females. The life cycle
requires an intermediate host. While thorny-headed worms are widely distributed among
wild and domestic animals, only three genera have been reported in human beings.

PHYLUM ARTHROPODA

Arthropods are segmented and bilaterally symmetrical animals with a body enclosed in a
stiff, chitinous covering or exoskeleton and bearing paired, jointed appendages. The digestive
system is well developed. Sexes are separate. The phylum is subdivided into a number of
classes, many of which are of medical importance.

The class Crustacea contains primarily aquatic forms, which breathe by means of gills.
Included here are crabs, shrimps, crayfish, and copepods. Certain of these serve as interme-
diate hosts of human parasites.
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The class Chilopoda contains the centipedes, which are characterized by the possession
of one pair of legs on each body segment. The first pair of appendages is modified as poison
claws.

The Arachnida, or spiderlike animals, possess a body divided into two parts, the
cephalothorax and the abdomen. Adults have four pairs of legs. Included in this class are the
scorpions, the spiders, and the ticks and mites. Scorpions and spiders produce venom, which
in some species may be extremely toxic. Certain ticks and mites may transmit disease.

From a medical or economic point of view, the class Insecta includes by far the most
important of the arthropods. Insects have three pairs of legs and a body divided into three
distinct parts: head, thorax, and abdomen. Several orders of insects are worthy of special
mention. The Anoplura, or sucking lice, are wingless, dorsoventrally compressed insects,
among which are included human lice. The order Hemiptera, or true bugs, includes the
wingless bedbugs as well as the more characteristic forms with wings. Two pairs of wings are
seen in this group, and the first pair has thickened membranous bases. The cone-nosed bugs,
or reduviids, are important as vectors of American trypanosomiasis. The coleoptera, or bee-
tles, also have two pairs of wings, but the anterior pair is thickened throughout. Certain
grain beetles are intermediate hosts of tapeworms. The Hymenoptera include ants, bees,
wasps, and so forth. Bees, wasps, and fire ants are medically important because of the venom
of their stings; other ants may serve as intermediate hosts for one of the human trematode
parasites. The Siphonaptera, or fleas, are wingless and laterally compressed; in addition to their
irritating bites, some fleas act as intermediate hosts of a species of tapeworm. The Diptera
are insects with only one pair of true wings. This order includes several groups of medical
importance, notably mosquitoes, flies, and gnats. Some larval flies are parasitic in humans and
animals, while mosquitoes and gnats transmit many different diseases.

PHYLUM PENTASTOMIDA

Pentastomids are all endoparasitic forms, known as tongue worms, or linguatulids. The name
is derived from their body shape, which is elongate and in some species tonguelike. Other
species have a ringed or annulated body. Linguatulids lack external appendages and possess
two pairs of hooks near the mouth. Adults live in the respiratory tract of vertebrates.
Encysted larval stages may occur in the lungs and other internal organs of humans, and they
are found principally in tropical areas.

" Prevalence of Parasitic Infections

Estimates of the prevalence of parasitic diseases are at best extremely rough, as reporting of

morbidity is essentially nonexistent in many of the areas in which these diseases occur. The

following estimates are based on those of the World Health Organization (WHO) through

2002, the Centers for Disease Control and Prevention (CDC) through 2004, and others:

Amebiasis: approximately 1% of world population infected; annual deaths, to 100,000

Giardiasis: approximately 2.5 million annually

Malaria: population currently infected, more than 500 million; annual deaths, 2.5 million

Leishmaniasis: population currently infected, 2 million; annual deaths, 59,000

African trypanosomiasis: new cases per year, 100,000; annual deaths, 50,000

American trypanosomiasis: population currently infected, 16 million to 18 million; annual
deaths, 50,000

Schistosomiasis: approximately 200 million infected (includes combined cases): Schistosoma
haematobium, approximately 100 million infected; Schistosoma mansoni, approximately
80 million infected; Schistosoma japonicum, approximately 1.5 million infected; annual
deaths, 500,000 to 1 million

Clonorchiasis and opisthorchiasis: 13.5 million infected
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Paragonimiasis: 20 million infected

Fasciolopsiasis: 10 million infected

Lymphatic filariasis: 128 million infected

Onchocerciasis: 17.7 million infected with approximately 270,000 blind
Dracunculiasis: <75,000 infected in sub-Saharan Africa

Ascariasis: 1.3 billion infected: annual deaths, approximately 60,000
Hookworm: at least 1 billion infected

Trichuriasis: 900 million infected

Strongyloidiasis: 35 million infected

Trichostrongyliasis: 5.5 million infected

Cestodiases: 65 million infected

" World Distribution of Parasitic Diseases

Figures 2-1 through 2-12 show in rough outline the world distribution of many of the
important parasitic diseases. Those with a restricted distribution are omitted, as are those that
occur essentially worldwide.
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I Cutaneous leishmaniasis

FIGURE 2-1 m Distribution of cutaneous leishmaniasis.
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I Visceral leishmaniasis

FIGURE 2-3 m Distribution of visceral leishmaniasis.
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FIGURE 2-4 m Distribution of trypanosomiasis.
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FIGURE 2-5 m Distribution of malaria; distribution of chloroquine resistance (2004).
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[[11[I||| Schistosomiasis mansoni
Schistosomiasis haematobium

NN Schistosomiasis japonicum

FIGURE 2-6 m Distribution of schistosomiasis.

I Echinococcus granulosus I

FIGURE 2-7 m Distribution of Echinococcus granulosus.
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[  Echinococcus multilocularis
I Echinococcus vogeli

FIGURE 2-8 m Distribution of Echinococcus multilocularis and Echinococcus vogeli.
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I  Hookworm infection

FIGURE 2-9 m Distribution of hookworm infection.
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I Clinically important trichuriasis

FIGURE 2-10 m Distribution of clinically important whipworm disease.

I Bancroftian filariasis (except Pacific strain)
© areas within which many islands are infected
Malayan filariasis (in most areas bancroftian

B filariasis is also present)

~+...» Timoran filariasis

FIGURE 2-11 m Distribution of lymphatic filarial diseases.
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[ Onchocerciasis
=—— Loiasis

FIGURE 2-12 m Distribution of onchocerciasis and loiasis.
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Lumen-Dwelling
Protozoa

We have chosen to consider together not only the intestinal protozoa of humans but also
protozoa found in the mouth, the upper respiratory passages, and the urogenital tract.
The list includes the parasites Entamoeba histolytica, Dientamoeba fragilis, Balantidium coli,
Giardia lamblia, Trichomonas vaginalis, Isospora belli, Cryptosporidium parvum, and Cyclospora
cayetanensis. It also contains a number of commensals and some species of questionable
pathogenicity. These organisms are generally of worldwide distribution; prevalence of the
intestinal protozoa in the population correlates roughly with the level of sanitation. Color
Plates I to IV illustrate some of the intestinal protozoa as they appear when stained with
trichrome stain.

" The Amebae

Six species of the genus Entamoeba, including the commensals Entamoeba gingivalis, Entamoeba
coli, Entamoeba hartmanni, Entamoeba dispar, Entamoeba moshkovskii, and the pathogen
E. histolytica, occur in humans. Entamoeba polecki, an intestinal ameba of pigs and monkeys,
is seen occasionally in humans and may cause diarrhea. Other commensals are Endolimax
nana and Iodamoeba biitschlii.

THE GENUS ENTAMOEBA

Amebae of this genus, widely distributed in both vertebrate and invertebrate animals, are
characterized by possession of a vesicular nucleus with a comparatively small karyosome
located at or near its center and with varying numbers of peripheral chromatin granules
attached to the nuclear membrane. Morphologic differences distinguish all species except
E. histolytica, E. dispar, E. moshkovskii, and E. hartmanni. E. histolytica, E. moshkovskii, and
E. dispar are morphologically identical, and of the same size range, but can be differentiated
by isoenzyme analysis, restriction fragment length polymorphism, and typing with
monoclonal antibodies. E. hartmanni, formerly known as the “small race” of E. histolytica,
is separated from the other two primarily on the basis of size.

Entamoeba histolytica

22

Until recently, the species-complex referred to as E. histolytica was considered to infect
perhaps 10% of the world’s population. With what is now common acceptance of the
genetic distinctions between the pathogenic E. histolytica and commensal E. moshkovskii and
E. dispar, and the finding that E. dispar is much more frequently encountered, the true
prevalence of E. histolytica is perhaps closer to 1% to 5% worldwide. E. histolytica was first
described in 1875, in a young Russian peasant in the port of Arkhangelsk, a scant 100 miles



Lumen-Dwelling Protozoa = CHAPTER 3 23

from the Arctic circle. Prevalence rates are highest in areas of crowding and poor sanitation,
notably in the tropics.

E. histolytica principally inhabits the large intestine, where the trophozoites, or active
forms, live in the intestinal lumen and on occasion may invade the mucosal crypts, where
they feed on red blood cells and form ulcers. Ulceration of the intestinal wall may give rise
to amebic dysentery. The invading amebae at times find their way into capillaries to be
transported via the bloodstream to the liver or other organs, where abscess formation may
occur. Amebae that remain in or reenter the lumen of the gut may, if intestinal motility is
rapid, be passed out in liquid or semiformed stools as trophozoites, but if motility is normal
they will “round up” and differentiate into the four nucleated resistant cyst stages. The life
cycle of E. histolytica is illustrated in Figure 3-1.

Morphology. Living trophozoites of E. histolytica vary in size from about 12 to 60 um in
diameter (average slightly more than 20 pm). In preparations made from freshly passed stool,
trophozoites are usually actively motile. They move by means of pseudopodia, cytoplasmic
protrusions that may be formed at any point on the surface of the organism. The
pseudopodium is quickly thrust out and may vary in form from short, blunt, and broad,
to long and fingerlike. The clear glasslike ectoplasm, which forms the outer layer of the
body of the ameba, flows out to form the pseudopodium, which in this species is charac-
teristically hyaline when first formed. The more granular endoplasm flows slowly into the

Brain abscess
(hematogenous)

Infection by
ingestion of cysts

Cyst (infective)

Lung abscess
(extension)

Lung abscess

Liver abscess (hematogenous)

(hematogenous)
Amebae inhabit
large intestine

Trophozoite
Large (noninfective)
intestine

ulcers
Passed

in feces

/ Amebae will die

FIGURE 3-1 m Life cycle of Entamoeba histolytica.



24

CHAPTER3 ® Lumen-Dwelling Protozoa

pseudopodium as the ameba moves in the direction in which it was extruded. Motility is
usually progressive and directional, rather than apparently aimless as in other amebae. The
characteristic motility is seen only in freshly passed specimens. It may be enhanced by
warming the slide by means of a thermostatically controlled “warm stage.” A reasonably
good substitute, and less expensive, is a copper coin, heated in the flame of a Bunsen burner
and placed on the glass slide. It must be stressed that neither this expedient nor a warm stage
will “revive” amebae that have been kept too long at room temperature.

Using scanning electron microscopy, researchers have described phagocytic stomata or
endocytic food cups on trophozoites of E. histolytica. Present on the surface of amebae,
phagocytic stomata are used in engulfment. Small endocytic stomata are used in pinocytosis,
the engulfment of liquids, whereas larger stomata are involved in phagocytosis of bacteria
and epithelial cells.

Red blood cells may be ingested but do not often appear in chronic infections. The
freshly ingested erythrocytes appear as pale greenish, refractile bodies lying in the cytoplasm
of the unstained ameba. Although ingestion of red blood cells has been reported to occur
in rare instances in other amebae, for all practical purposes it may be considered to be con-
fined to E. histolytica. The nucleus of the unstained trophozoite usually is not visible. Bacteria
may at times be ingested by this ameba. They may also be seen in the cytoplasm if the ameba
is degenerating. Death or degeneration of the parasites leads quickly to the formation
of vacuoles in the cytoplasm—a “Swiss cheese” appearance—and such degenerate forms can
never be identified with any accuracy. Similarly, even without such gross degenerative
changes, if the amebae are kept too long at room temperature before being fixed, the
finer structures of the nucleus undergo change. These structures are of great importance in
specific identification of the amebae.

When seen properly fixed and stained with hematoxylin or trichrome stain, details of
nuclear structure may be observed. The nuclear membrane appears as a delicate but distinct
line, on the inner surface of which is seen the peripheral chromatin, a layer of granules, char-
acteristically uniform and small. In the center of the nucleus is a small mass of chromatin,
the karyosome; between the karyosome and the peripheral chromatin the faintly stained
fibrils of the linin network sometimes are seen. Typical nuclear structure, as previously
described, is depicted in most of the organisms in Figure 3-5. Some of the variations in
morphology that may be encountered are shown in Figure 3-6. It must be emphasized that,
strictly speaking, there is no “characteristic” nuclear morphology for any species of Entamoeba. While
most conform to type, some may present a nuclear structure more like that usually associated
with a different species.

Ingested red blood cells stain according to the degree to which they have been digested
by the ameba. When stained with hematoxylin (Fig. 3-2), the cytoplasm of the ameba is
grayish, nuclear structures are an intense bluish black, and freshly ingested erythrocytes stain
similarly; the red blood cells become progressively paler as they are digested. In a trichrome
stain (Fig. 3-3; Plate I, 1, 2), the cytoplasm is typically green, nuclear structures are dark red,
and freshly ingested erythrocytes may be cherry-red or green; the cytoplasm of trichrome-
stained amebae is occasionally a light pink, and sometimes green- and pink-staining forms
alternate in the same preparation.

In preparation for formation of the resistant cyst stage, trophozoites extrude all ingested
material and assume a rounded form. This stage, referred to as the precyst, may be distin-
guished by its single rounded nucleus, absence of ingested material, and lack of a cyst wall;
however, nuclear morphology is often confusing at this stage, and it is best to rely on either
trophozoites or cysts for specific identification.

Cysts (see Figs. 3-4, 3-5, 3-17; Plate I, 3, 4) may recognized by the presence of a
hyaline cyst wall. They are usually spherical but may be ovoid or irregular in shape, and they
vary from about 10 to 20 im in diameter. In unstained preparations, the cyst wall is highly
refractile. Cysts contain from one to four (or, rarely, more) nuclei. At times the nuclei may
appear as small, refractile spheres within the cytoplasm of the unstained cyst, but more often
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FIGURE 3-2 m Trophozoite of Entamoeba histolytica stained with iron hematoxylin. Note
Charcot-Leyden crystals and clumped red blood cells. (From Hunter GW et al. Tropical medicine,
ed. 5, Philadelphia, 1976, WB Saunders.)

FIGURE 3-3 m Entamoeba histolytica trophozoite. Note ingested red blood cells
(trichrome stain).

they are not visible. Chromatoidal bars, so named because they stain with hematoxylin like
the chromatin of the nucleus, are composed of crystalline ribonucleic acid (RNA). If pres-
ent, these are seen as rod-shaped, clear areas in the cytoplasm. When stained with iodine (see
Fig. 3-35), the cytoplasm of the cyst is a light yellowish green to yellow-brown; the nuclear
membrane and karyosome are distinct and light brown. Chromatoidal bars do not stain and
appear as clear spaces in the cytoplasm. If the glycogen is present in vacuoles in the cyto-
plasm, it stains dark yellow-brown.

When cysts are stained with hematoxylin or trichrome, nuclear structure is similar to
that seen in the trophozoites (see Figs. 3-5, 3-6, 3-17). The peripheral chromatin ring may
appear to be thicker and less uniform in size. Some strains of E. histolytica consistently have
eccentric karyosomes, and in some the peripheral chromatin, instead of appearing as a layer
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FIGURE 3-4 m Entamoeba histolytica cysts, showing nuclei and chromatoidal bodies.
(Photomicrographs by Zane Price.)

8

FIGURE 3-5 m Entamoeba histolytica: 1, trophozoite with hyaline pseudopodium;

4, trophozoite containing red blood cells; 5, early cyst containing glycogen mass and
chromatoidals; 8, mature quadrinucleate cyst without chromatoidals. Entamoeba hartmanni:
2, 3, trophozoites; 6, 7, mononucleate cysts (2, 4, 6, 7, and 8 show diagnostic features only).
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FIGURE 3-6 m Entamoeba histolytica. Variations in nuclear structure (some original, others
adapted from various sources).

of spherical granules, forms thin plaques on the nuclear membrane. A third variant of
nuclear structure is peripheral chromatin massed in crescent fashion at one side of the
nuclear membrane. One or more chromatoidal bars may be found in the cytoplasm; they
may be only slightly shorter than the diameter of the cyst or may be considerably shorter.
Occasionally, especially in very young and usually mononucleate cysts, large numbers of
very small chromatoidal bars are seen, usually surrounding a glycogen vacuole. The chroma-
toidals generally appear in the form of elongate bars with rounded or squared ends but may
occasionally be ovoid or cigar shaped. Chromatoidal bars of this characteristic morphology
are seen in E. histolytica, E. dispar, and E. hartmanni but may occur also in E. polecki (see
Fig. 3-17). Chromatoidals are more frequently encountered in the mono- and binucleate
cysts, and a large proportion of mature quadrinucleate cysts do not possess them. With
hematoxylin, the chromatoidals take the same bluish black stain as the chromatin material
of the nucleus, and with trichrome they stain bright red.

The following characteristics are valuable in the identification of the E. histolytica/
E. dispar/ E. moshkovskii species complex:

I. Trophozoites, unstained  Suggestive: progressive motility; hyaline pseudopodia; no
ingested bacteria; nuclei not visible
Diagnostic: ingestion of red blood cells
Il. Trophozoites, stained Suggestive: clear differentiation of ectoplasm and endoplasm;
no ingested bacteria
Diagnostic: fine, uniform granules of peripheral chromatin and
small central karyosome in nucleus; ingested red blood cells;
average size over 12 um
lll. Cysts, unstained Suggestive: four nuclei; rodlike chromatoidals
IV. Cysts, stained Suggestive: maximum of four nuclei having both karyosome
and peripheral chromatin; diameter over 10 um
Diagnostic: typical nuclear structure; chromatoidal bars with
rounded or squared ends; diameter over 10 um

Differentiation of E. histolytica from the commensals E. dispar and E. moshkovskii is not pos-
sible by morphology but requires the use of species-specific monoclonal antibodies or PCR.
techniques (Tanyuksel and Petri, 2003).

Symptoms and Pathogenesis. The following clinical classification is adapted from the
World Health Organization (WHO) Report on Amebiasis (1969).

I. Asymptomatic infections

II. Symptomatic infections



CHAPTER3 ® Lumen-Dwelling Protozoa

A. Intestinal amebiasis
1. Dysenteric
2. Nondysenteric colitis
B. Extraintestinal amebiasis
1. Hepatic
a. Acute nonsuppurative
b. Liver abscess
2. Pulmonary
3. Other extraintestinal foci (very rare)

The symptoms of amebiasis are far from clear cut and depend in large measure on the
extent of tissue invasion and on whether the infection is confined to the intestinal tract or
has spread to involve other organs. Intestinal amebiasis is the most common form of infec-
tion and may be asymptomatic. Certain patients with intestinal amebiasis have vague and
nonspecific abdominal symptoms. Although these symptoms may improve or disappear after
antiamebic therapy, they cannot specifically be related to the infection. Another group of
patients have more definite symptoms, such as diarrhea or dysentery, abdominal pain and
cramping, flatulence, anorexia, weight loss, and chronic fatigue. Frequently, all patients with
symptomatic intestinal amebiasis are spoken of as having amebic dysentery. This term should
be reserved for those who actually have dysentery, or blood and mucus in the stools. Amebic
colitis is a term that can be used to denote any symptomatic intestinal infection.

It seems probable that strain differences in virulence—and, from time to time, differ-
ences in susceptibility of the host—both play a part in determining whether or not tissue
invasion takes place. A parallel may be drawn between immunologic surveillance, thought
to destroy and prevent the spread of malignant cells in normal persons, and an immunologic
barrier created by the intestine; a breakdown of this immunologic barrier may occur in persons
in whom tissue invasion takes place. Corticosteroid administration may provoke severe (and
sometimes fatal) amebic colitis. Additionally, fatal necrotizing amebic enterocolitis in a
severely burned patient has been described, in which the rapid worsening of the previously
asymptomatic amebic infection was due in part to alteration of the immune response. The
susceptibility of humans to E. histolytica infection is associated with specific alleles of the
HLA complex. A statistically significant increase in mortality from amebic infection has been
noted to occur in pregnancy and the puerperium, and a relationship of maternal stress to
the severity of infection has been suggested. In addition, specific genotypes of E. histolytica
are associated with amebic liver abscess formation and others with asymptomatic colonization.
When E. histolytica succeeds in entering the intestinal mucosa, this penetration is generally
not accompanied by inflammatory response. Because the local response is minimal, the consti-
tutional response of the host is likewise. The amebae, secreting proteolytic enzymes, produce
necrosis of the surrounding tissues (Fig. 3-7). Most frequently, the cecal area is involved, but
the ascending colon and rectosigmoid—and indeed any part of the colon—may also be sites
of primary invasion.

While the initial intestinal invasion may be accompanied by little local reaction and
often no recognizable symptoms, diffuse inflammation, indistinguishable from the nonspecific
inflammatory lesion of other types of colitis, may be seen in sections of biopsy specimens
taken from patients with acute amebic colitis. The diarrhea thus provoked may be mild, with
only a few loose stools daily, perhaps alternating with periods of constipation. Even in
patients with mild diarrhea, or with normal stools, careful examination of the feces may reveal
flecks of blood-tinged mucus, often containing numbers of motile E. histolytica. Patients with
more acute illness may have a dozen or more explosive liquid stools daily, containing much
blood and mucus and perhaps accompanied by abdominal cramps. Tenesmus, painful spasms
of the anal sphincter, is a sign of rectal ulceration.

Despite extensive research, the molecular bases underlying pathogenicity and virulence
of E. histolytica remain poorly understood. Proposed mechanisms for E. histolytica virulence
include the production of enzymes or other cytotoxic substances, contact-dependent cell
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FIGURE 3-7 m Trophozoites of Entamoeba histolytica in ulcer of colon. (Photomicrograph
by Zane Price.)

killing, and cytophagocytosis. At present, the steps believed to be involved in amebic killing
of target cultivated mammalian cells are (1) receptor-mediated adherence of amebae to target
ce