FELINE CLINICAL
PARASITOLOGY



FELINE CLINICAL
PARASITOLOGY

Dwight D. Bowman
Charles M. Hendrix
David S. Lindsay
Stephen C. Barr

Iowa STATE UNIVERSITY PRESS

A Blackwell Science Company



Dwight D. Bowman, MS, PhD, is an Associate Professor of Parasitology in the Department of Microbiology and
Immunology at the College of Veterinary Medicine, Cornell University, Ithaca, New York.

Charles M. Hendrix, DVM, is a Professor of Parasitology in the Department of Pathobiology at the College of
Veterinary Medicine, Auburn University, Auburn, Alabama.

David S. Lindsay, PhD, is an Associate Professor in the Department of Biomedical Sciences and Pathobiology
at the Center for Molecular Medicine and Infectious Diseases, Virginia-Maryland Regional College of Veterinary
Medicine, Virginia Tech, Blacksburg, Virginia.

Stephen C. Barr, BVSc MVS, PhD, is a Diplomate of the American College of Veterinary Internal Medicine and
an Associate Professor of Medicine in the Department of Clinical Sciences at the College of Veterinary Medicine,
Cornell University, Ithaca, New York.

© 2002 Iowa State University Press
A Blackwell Science Company
All rights reserved

Iowa State University Press
2121 South State Avenue, Ames, Iowa 50014

Orders: 1-800-862-6657
Office: 1-515-292-0140
Fax: 1-515-292-3348
Web site: www.isupress.com

Authorization to photocopy items for internal or personal use, or the internal or personal use of specific clients, is
granted by Iowa State University Press, provided that the base fee of $.10 per copy is paid directly to the Copy-
right Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. For those organizations that have been granted
a photocopy license by CCC, a separate system of payments has been arranged. The fee code for users of the
Transactional Reporting Service is 0-8138-0333-0/2002 $.10.

& Printed on acid-free paper in the United States of America

First edition, 2002

Library of Congress Cataloging-in-Publication Data

Bowman, Dwight D.
Feline clinical parasitology / Dwight D. Bowman . . . [et al.].—Ist ed.
p. cm.
Includes bibliographical references and index (p. ).
ISBN 0-8138-0333-0 (alk. paper)
1. Cats—Parasites. 2. Veterinary clinical parasitology. I. Bowman,
Dwight D. II. Title.
SF986.P37 F46 2001
636.8'089696—dc21
2001003565

The last digit is the print number: 98765432 1



CONTENTS

Preface .......... ... ... .. ... ... ....

1. TheProtozoa ............ccvvueenn.

Coccidia: The Phylum Apicomplexa
Cryptosporidium felis
Isospora felis . .................
Isospora rivolta . ............ ...
Toxoplasma gondii . . . ...........
Unclassified Toxoplasma gondii-

Like Organism .. .............
Hammondia hammondi . . ........
Hammondia pardalis . . ..........

Sarcocystis Species . ...............
Sarcocystis felis ................
Feline Sarcocystis-Associated

Meningoencephalomyelitis
Cats as Experimental Final Hosts
of Sarcocystis neurona . . . ... ...

Besnoitia Species . ................
Besnoitia darlingi . .............
Besnoitia wallacei . .............

Haemogregarines—Hepatozoon . . . . ..
Hepatozoon felis ...............

The Piroplasms: Cytauxzoon
and Babesia . ...................
Cytauxzoon felis
Babesia felis ..................
Babesiacati . ..................
Babesia herpailuri . .............

Sarcomastigophora

Mucosoflagellates . ................
Tetratrichomonas felistomae
Pentatrichomonas hominis . . . .. ...
Giardia felis

Kinetoplastida .. ....................

Trypanosomes
Trypanosoma . .................
Trypanosoma brucei
Trypanosoma gambiense . . . ......
Trypanosoma evansi
Trypanosoma congolense . . . . ... ..

Trypanosoma cruzi
Trypanosoma rangeli . . ..........

Leishmanial Organisms
Leishmania donovani . . ..........
Leishmania tropica .............
Leishmania braziliensis

and Leishmania mexicana . . . . ..

Rhizopoda ........ ... . ... ... .. ....
Entamoeba histolytica . ..........

Microspora
Encephalitozoon cuniculi . . . ... ...
Microsporidium buyukmihcii . . . . ..

2. The Trematodes ..........ccoveuueens

Trematodes of the Buccal Cavity ........

Clinostomatidae ..................
Clinostomum falsatum
Clinostomum kalappahi . . . . ...
Clinostomum abdoni . . .. ......

Trematodes of the Small Intestine

Cyathocotylidae ..................
Mesostephanus milvi
Prohemistomum vivax . . .......

Diplostomatidae ..................
Alaria marcianae . ...........
Cynodiplostomum azimi . . .. ...
Fibricola minor .............
Pharyngostomum cordatum . . . .

Echinostomatidae .................
Echinochasmus perfoliatus . . . ..
Echinochasmus breviviteilus . . . .
Echinochasmus liliputanus . . . ..
Episthmium caninum
Stephanoprora denticulatoides . .
Artyfechinostomum sufrartyfex . .
Isthmiophora melis .. .........
Echinoparyphium . ...........

Heterophyidae

Apophallinae . .................
Apophallus donicus
Apophallus venustus . .........
Apophallus muehlingi . . . ... ...

66
69

70
71
73



vi / CONTENTS

Ascocotylinae
Ascocotyle ascolonga . .. ......
Ascocotyle longicollis . . . ... ...
Ascocotyle minuta
Ascocotyle angrense . .. .......
Ascocotyle longa
Ascocotyle pachycystis .. ......
Ascocotyle arnoldoi

Centrocestinae .................
Centrocestus caninus
Pygidiopsis genata . ..........
Pygidiopsis summa . ..........
Pygidiopsoides spindalis

Cryptocotylinae . ...............
Cryptocotyle lingua
Cryptocotyle quinqueangularis . .
Cryptocotyle concavum

Euryhelminthinae
Euryhelmis squamula . . . ......
Euryhelmis monorchis
Euryhelmis pacifica

Galactosominae . ...............
Galactosomum fregatae

Haplorchiinae
Haplorchis pumilio . ..........
Haplorchis yokogawai
Haplorchis taichui
Haplorchis sprenti
Haplorchis parataichui . . . . . ...
Procerovum varium
Procerovum calderoni . . .. .. ...
Stellantchasmus falcatus . . . . . ..

Heterophyinae .................
Heterophyes heterophyes
Heterophyes aequalis . . . ......
Heterophyopsis continua

Metagoniminae
Metagonimus yokogawai
Metagonimus takahashii . . . . . ..
Dexiogonimus ciureanus . . . . . ..

Stictodoriinae
Stictodora sawakinensis . . . .. ..

Microphallidae ...................
Microphalloides vajrasthirae . . .

Plagiorchidae
Plagiorchis massino . .........

Nanophyetidae
Nanophyetus salmincola . . . . . ..

Trematodes of the Pancreatic Duct,
Gallbladder, and Bile Duct . . .........

Dicrocoelidae ....................
Eurytrema procyonis . . ........
Euparadistomum pearsoni
Euparadistomum buckleyi and

Euparadistomum heiwschi . . .
Platynosomum concinnum

131

133
133
135
136

137
137
139
139

140
140

140
141

141
141

142
142

144

144
145
146

147

Opisthorchidae ................... 150
Amphimerus pseudofelineus . ... 151
Clonorchis sinensis . .. ........ 153
Opisthorchis felineus . ........ 154
Opisthorchis viverrini . . ... .... 156
Opisthorchis chabaudi . . . .. ... 157
Paropisthorchis caninus . . . . ... 157
Metorchis conjunctus . ........ 157
Metorchis albidus . .. ......... 159
Metorchis orientalis . ......... 160
Parametorchis complexum . . . .. 160
Pseudamphistomum truncatum .. 162

Trematodes of the Nasal Fossae ......... 162

Orchipedidae .................... 162
Orchipedum isostoma . ........ 162

Troglotrematidae . ................ 163
Troglotrema mustelae . . . ...... 163

Trematodes of the Lungs .............. 163

Troglotrematidae ................. 164
Paragonimus westermani . . . ... 164
Paragonimus pulmonalis . . . ... 166
Paragonimus miyazakii . . . . . ... 168
Paragonimus heterotremus . . . .. 169
Paragonimus siamensis . . . .. ... 170
Paragonimus skrjabini . . ... ... 171
Paragonimus ohirai .......... 171
Paragonimus kellicotti . ....... 172
Paragonimus mexicanus . . . . ... 176
Paragonimus inca, Paragonimus

peruvianus, Paragonimus
caliensis, and Paragonimus
amazonicus . .. ............ 177
Paragonimus africanus and
Paragonimus uterobilateralis .. 178
Trematodes of the Blood Vessels ........ 178

Schistosomatidae . ................ 178

Schistosoma japonicum . . .. ... 178

3. The Cestodes: With Notes on the Few
Acanthocephala Reported from Cats .... 183
Pseudophyllidea . . ................... 185

Diphyllobothriidae ................ 185
Diphyllobothrium latum . . . . ... 185
Other Species of Diphyllobothrium

and Related Genera . .. ...... 189

Spirometra Species ............. 189
Spirometra erinaceieuropaei . ... 190
Spirometra mansonoides . . . . . .. 194

Feline Sparganosis ........... 198
Cyclophyllidea . . .................... 199

Mesocestoididae . ................. 199
Mesocestoides lineatus . . . . . ... 199
Feline Tetrathyridiosis ........ 204

Dipylidiidae ..................... 205
Dipylidium caninum . .. ....... 205
Diplopylidium acanthotetra . ... 211



CONTENTS / vii

Diplopylidium nélleri . ........

Joyeuxiella pasqualei . . . ......

Joyeuxiella fuhrmanni and
Joyeuxiella echinorhyncoides . .

Dilepididae .. ....................
Choanotaenia atopa . . . . ......

Taeniidae .......................
Taenia taeniaeformis .........
Feline Coenurosis . ...........
Echinococcus multilocularis . . . .

Acanthocephala . ................. ...

4. The Nematodes ........cooeveverennnns

Secernentea . .......................

Rhabditida ......................
Rhabditis strongyloides . . . . . ...

Strongyloides Species . ..........
Strongyloides planiceps . ... ...
Strongyloides felis ...........
Strongyloides tumefaciens . . . . . .

Strongylida . .....................

Ancylostomatoidea .............
Ancylostoma tubaeforme . . . ...
Ancylostoma braziliense . . . .. ..
Ancylostoma ceylanicum . . . . . . .
Uncinaria stenocephala . . . . ...

Strongyloidea .................

Mammomonogamus Species . .. ...
Mammomonogamus auris . . . . ..
Mammomonogamus ierei . .. ...
Mammomonogamus mcgaughei .
Mammomonogamus dispar . . . . .
Other Mammomonogamus

Species . ...... .. ...

Trichostrongyloidea .. ...........
Ollulanus tricuspis ...........
Molineus barbatus . ..........

Metastrongyloidea . .............
Aelurostrongylus abstrusus . . . . .
Troglostrongylus subcrenatus . . .
Oslerus rostratus . ...........
Gurltia paralysans . ..........

Ascaridida ......................
Toxocaracati ...............
Toxocara canis . .............
Toxascaris leonina . ..........
Lagochilascaris minor . .......
Lagochilascaris major . .......

Spirurida . .. ... ... Lo

Dracunculoidea ................
Dracunculus Species .........

Gnathostomatoidea .............
Gnathostoma spinigerum . . . . . .
Gnathostoma procyonis and

Other Gnathostoma Species . .

213
215

218

218
218

219
219
225
227

231

234

234
235

235
236
237
239

241

242
243
246
249
254

257

258
258
259
261
261

262

262
262
265

267
267
271
271
272

273
274
281
282
287
292

294

294
294

295
296

299

Physalopteroidea ...............
Physaloptera praeputialis . . . . . .
Physaloptera pseudopraeputialis
Physaloptera brevispiculum . . . .
Physalopterarara . ...........
Physaloptera pacitae . ........
Abbreviata gemina . . .........
Turgida turgida . . .. ..........

Rictularioidea .................
Pterygodermatites cahirensis . . .

Thelazioidea ..................
Thelazia californiensis ........
Thelazia callipaeda . . ........
Vogeloides massinoi .. ........
Vogeloides ramanujacharii . . . . .

Spiruroidea . ..................
Spirura rytipleurites .. ........
Cyathospirura seurati . . . ... ...
Cylicospirura felineus . . . . ... ..
Cylicospirura subaequalis . . . . .
Cylicospirura heydoni . .......
Cylicospirura advena . . . . ... ..
Spirocerca lupi . .............
Mastophorus muris . ..........

Filarioidea . ...................
Brugia pahangi . ............
Brugia patei . ...............
Brugiamalayi . . .............
Brugia beaveri ..............
Dirofilaria immitis ...........
Dirofilaria repens . ...........
Dirofilaria striata . ...........

Adenophorea . ........... ... ... .....

Enoplida ........................
Eucoleus aerophilus .. ........
Aonchotheca putorii . .........
Pearsonema feliscati . . ........
Calodium hepaticum . . . . ... ...
Anatrichosoma Species . .. ... ..
Trichuris felis . ..............
Trichinella spiralis ...........

5. The Arthropods ...........covvvvnnn

Arachnids ........ ... .. ... . ..
Metastigmata .. ..................

Argasidae ....................
Ornithodoros talaje . . ........
Ornithodoros puertoriciensis . . .
Otobius megnini .. ...........
Otobius lagophilus . ..........

Ixodidae ........... ... ... .. ..
Ixodes Species . .............
Dermacentor Species .........
Amblyomma Species . .........
Rhipicephalus Species ........
Haemaphysalis Species . ... ...
Tick Paralysis . ..............

306
306

307
308
310
311
312

312
312
314
315
317
319
319
320
321

321
322
326
326
331
331
334
337

338

338
338
340
342
345
346
348
350



viii / CONTENTS

Mesostigmata . ................... 373
Dermanyssus gallinae . . . ... ... 373
Prostigmata . ..................... 375
Cheyletiella blakei . .......... 375
Demodex cati ............... 380
Demodex gatoi .. ............ 382
Demodex Species . ........... 383
Trombiculid Mites: Chiggers ... 385
Astigmata .. ... 388
Otodectes cynotis . ........... 389
Notoedres cati .............. 394
Sarcoptes scabiei ............ 399
Lynxacarus radovskyi . ........ 400
Pentastomida . ........... ... ... ..... 403
Insects ....... . .. .l 403
Hemiptera .. ..................... 404
Cimicidae . ................. 404
Reduviidae ................. 404
Phthiraptera ..................... 405
Felicola subrostratus . ........ 406
Diptera ........ ... ... . ... 409
Nematocera . .................. 409
Culicidae .................. 409
Ceratopogonidae ............... 411
Psychodidae .................. 412
Simuliidae . ................... 413

Brachycera .............. ... ...... 413
Cyclorrthapha . ...... ... ... ... .. ... 414
Muscidae .............. 414
Musca Species . ............. 414
Stomoxys Species . ........... 415
Glossinidae . .. ................... 415
Facultative and Primary Muscoid
Fly Myiasis .. ........ ... ...... 415
Calliphorid Myiasis ............. 419
Phaenicia (Lucilia) sericata . ... 419
Phaenicia (Lucilia) caesar . . . .. 420
Cochliomyia hominivorax . . . . . . 420
Chrysomyia bezziana . . ....... 421
Cordylobia anthropophaga . . . . . 424
Sarcophagid Myiasis ............ 427
Wohlfahrtia vigil . . ........... 427
Cuteribridae . . ................. 430
Cuterebra Species . .......... 430
Dermatobia hominis . .. ....... 439
Siphonaptera . . ................... 442
Ctenocephalides felis ......... 443
Echinophaga gallinacea . . . . ... 445
Index ........ ... i 447



PREFACE

imately 70.9 million; cats were found in 34 percent of the 100 million U.S.

households. This figure now surpasses the number of dogs in the United
States, approximately 57.6 million in 38.1 percent of households (www.petfood-
institute.org, Pet Food Institute, Washington, D.C.). For 1985 in Canada, the
number of cats was approximately 4,134,200 and also surpassed the number of
dogs, 3,028,100. Nearly 23 percent of households in the United Kingdom have at
least one cat, and in Australia about 35 percent of the households each have one
cat or more. This love for the cat, however, is not restricted to predominantly
English-speaking countries. Between 1980 and 1990, the cat populations of
almost all European nations increased—in some cases dramatically—to the
extent that cat populations are currently level with those of the dog. Among Euro-
peans, the Swiss are dedicated cat lovers, preferring to own cats rather than dogs.
The French and the Belgians are well-known for their love of both cats and dogs.
Among nations surveyed regarding the presence of cats in households, the Japan-
ese have the least number, with a little over 5 percent with cats in 1990. However,
there are more and more households with cats all the time in Southeast Asia, espe-
cially in countries such as Taiwan and Malaysia. Regardless of national bound-
ary, with the ever-increasing limitations of time, money, and space, the cat is rap-
idly becoming the cosmopolitan pet of the twenty-first century.

Awareness of cats as something other than “small dogs” has also emerged
among cat owners and veterinarians as is evidenced by the increasing number of
established specialized feline veterinary practices in the United States and
Europe. For 1999, the number of members in the American Association of Feline
Practitioners and the Academy of Medicine was 1,550, of which 33.5 percent
(520) dealt exclusively with cats (Kristi Kruse Thomson, American Association
of Feline Practitioners, Nashville, Tennessee). One way in which cats differ from
dogs is in their parasitic infections and infestations. Although dogs and cats do
share a few parasites, the vast majority of the parasites of these pets are actually
specific to either dogs or cats, not to both. Also, even those parasites that are
shared between cats and dogs will often cause different host responses when par-
asitizing the cat and often require different treatment regimens.

The purpose of this book is to offer an in-depth examination of feline parasites.
Topics discussed include parasite identification, history, geographic distribution,
pathogenesis, epizootiology, zoonosis if applicable, diagnosis, treatment, control,
and prevention. The authors have attempted to produce a book that is interna-
tional in scope due to the immense worldwide popularity of cats and due to the

I n 1998 the number of cats in the United States was estimated to be approx-

ix
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amount of travel undertaken by cats and their owners. Also, it was felt that this
text would prove useful to veterinarians in other countries.

It is hoped that this book will be useful to both the veterinarian and the veteri-
nary parasitologist. It includes concise and in-depth knowledge that is useful to
both groups. Overall, the ultimate goal of this book is to improve the health of
cats around the world by providing a ready reference text that can be used to
assist (1) in diagnosing parasitic infections or infestations and (2) in treating cats
and kittens that host these parasites.

The parasites of the cats fall into four major groups: the common cosmopoli-
tan parasites, the parasites that are important in only certain geographic areas,
those that are rare and show up in rather large numbers in certain countries or cer-
tain foci, and those that tend to be rare or incidental findings where cats are serv-
ing as atypical hosts of some adult form that is usually found in the local wildlife.
We have tried to include all these parasites in the text with the hope that it would
help practitioners develop a better understanding of the scope of parasites around
the world. Thus, there are a lot of species in the text that have appeared only once
in cats or only in very limited geographical areas. Also, we are aware that we are
also dealing with a number of parasites with which we do not actually have first-
hand knowledge. We do believe, however, that the book will serve to stimulate
individuals to consider the parasites of cats in more detail so that new informa-
tion and corrections can be added to future editions.

There are many individuals that need to be thanked in the production of this
text. Dr. J. Ralph Lichtenfels and Patricia A. Pilitt at the U.S. National Parasite
Collection, U.S. Department of Agriculture, Agricultural Research Service,
Biosystematics and National Parasite Collection Unit, require special thanks for
their assistance in making the specimens of myriad trematodes from cats avail-
able for photography. There have been many individuals that have helped in the
collection of the numerous references that were used to produce the text, with
special thanks going to Dr. Megan Williams. Michael Porch assisted with many
of the photographs of trematodes. Elizabeth A. Fogarty is thanked for her able
assistance with all aspects of the book’s final assembly, help with the generation
of the final digitized images, and the production of the maps detailing geographic
distribution. Vanessa Nicolle Bowman was a great help when the format for all
the maps had to be changed for the final generation of the text. The line drawings
of the life cycle of the cat flea and the life cycle of Cuterebra were generated by
Dr. Laurie Duffield. The book has been a long time coming, and thanks go out to
the original editor, Caroll C. Cann, who has since retired. The editor who helped
with the actual rendition of the book that has gone to press is Lynne Bishop, and
without her help this text may never have been completed. Colleagues who have
been especially helpful in the generation of the text include Dr. de Lahunta, who
has kept us honest relative to the neurology sections of the text, Dr. Robert Foley,
who has always been helpful with practical information relative to mite infesta-
tions in cats, and Dr. William Hornbuckle for his assistance with day-to-day
answers to questions.
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THE PROTOZOA

Protozoan parasites of animals are typically sin-
gle-celled organisms. Protozoa differ from bacte-
ria in that the protozoan cell contains a discrete
nucleus with a nuclear membrane. Also, undulipo-
dia (flagella), when present on the protozoan cell,
have a structure that is distinct from the flagellum
of bacteria but not unlike that of the cilium of
mammals and other animals. The protozoa differ
from fungi in that fungal cells do not have
undulipodia and typically are binucleate organ-
isms. Protozoa differ from plants and animals by
the fact that both plants and animals develop from
an embryo, a developmental stage lacking from all
protozoan forms.

Although the protozoal kingdom contains
somewhere around 35 phyla and myriad species
of organisms (Margulis et al., 1990), only 4 phyla
are implicated as pathogens of the cat. Protozoa
within these phyla differ markedly in their biol-
ogy, which is an indication of their widely diver-
gent relationships. Certain aspects of the biology
of protozoa, the ability to form resistant stages,
utilization of vectors, and genetic exchange of
material through sexual union, are important in a
general understanding of these parasites because
they are directly related to the transmission of
these pathogens between feline hosts.

Protozoan parasites are typically transmitted
between cats in one of four different ways
(Table 1.1). First, direct contact is the means of
transmission used by Trichomonas felistomae, a
parasite of the mouth of the cat. In this form of
transmission, the stage of the parasite is not
resistant to environmental extremes and will die
rapidly if deposited by the cat in drinking water or
on skin by licking. Second, exposure to resistant
stages in the environment is the means by which
cats are infected with Giardia felis, Cryptosporid-
ium felis, Isospora species, and on some occasions
Toxoplasma gondii. These parasites all have a

resistant stage that is protected by a thick protec-
tive wall, and once these stages enter a favorable
environment, they are capable of persisting for
months to years. A third means of transmission is
via the ingestion of other hosts containing resist-
ant stages; this type of transmission occurs with
Sarcocystis species, Hammondia hammondi, Tox-
oplasma gondii, and occasionally with species of
Isospora. In this case, the host eaten by the cat has
become infected by the ingestion of a resistant
stage shed into the environment in the cat’s feces;
with the notable exception being that there can be
vertical transmission in the nonfeline host in the
case of toxoplasmosis. The host protects the pro-
tozoan from environmental extremes, and the par-
asite is capable of persisting within the host for
months to years. Fourth, there is transmission by a
blood-feeding arthropod vector, which is the means
by which cats typically become infected with
Leishmania species, species of Trypanosoma, and
the apicomplexan genera Cytauxzoon and Babesia.
For the most part, the arthropod is required to
increase the quantity of infectious agents ingested
when the arthropod bites to a quantity sufficient for
the infection of the next host. The arthropod also
serves to protect the parasite from environmental
extremes as it moves from host to host. Other, less
frequent forms of transmission of protozoa between
cats do occur, but in general, these four modes of
transmission are the most typical.

Some protozoan parasites of the cat are rare or
only occasionally seen, while others are very
common (Table 1.2). Factors that affect the preva-
lence of these parasites include such things as the
geographic range of the parasite or its vector,
local conditions of housing or environment, and
age of the cats being surveyed. For instance, Try-
panosoma cruzi is restricted to the Americas,
mainly south of Mexico. The reason for the
restriction of this parasite is in part due to vectors,
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TABLE 1.1—Transmission of the protozoan parasites of the cat

Phylum of parasite genus

Resistant stage

Intermediate host

Paratenic host Vector

APICOMPLEXA
Cryptosporidium
Isospora
Besnoitia
Hammondia
Sarcocystis
Toxoplasma
Hepatozoon
Cytauxzoon
Babesia

SARCOMASTIGOPHORA
Trichomonas
Giardia
Trypanosoma

(Old World)
Trypanosoma

(New World)
Leishmania

RHIZOPODA
Entamoeba

MICROSPORA
Encephalitozoon

Oocyst
Oocyst
Oocyst
Oocyst
Sporocyst
Oocyst

Cyst

Spore

I+ 4+ + 11

Sometimes -

Sometimes

- Sandfly

1. In the case of Hepatozoon canis, the cat is infected by eating the tick rather than by the bite of the tick.

TABLE 1.2—General prevalence and geographical distribution of the protozoan parasites of the cat

Phylum of parasite genus

General prevalence

Geographic distribution

APICOMPLEXA
Cryptosporidium
Isospora
Besnoitia
Hammondia
Sarcocystis
Toxoplasma
Hepatozoon
Cytauxzoon
Babesia

SARCOMASTIGOPHORA
Trichomonas
Giardia
Trypanosoma (Old World)

Trypanosoma (New World)

Leishmania (Old World)

Leishmania (New World)
RHIZOPODA

Entamoeba
MICROSPORA

Encephalitozoon

Uncommon
Very common
Uncommon
Uncommon
Uncommon
Very common
Uncommon
Rare
Uncommon

Common
Common
Uncommon
Sporadic
Sporadic
Sporadic

Potential

Rare

Global

Global

Global

Global

Global

Global

Africa and Asia

Southeast United States
South Africa and Asia

Global
Global
Africa and Asia
Americas
Africa and Asia
Americas

Tropics

Global

triatomid bugs, that are adapted to human
dwellings in that part of the world; typically these
bugs are found mainly in the wild. Local condi-
tions can have a great effect on the prevalence of
parasites in a cat population. If the cats are
hunters and spend a good deal of time outdoors,

they will develop parasite infections different
from those of the indoor cat (e.g., the indoor cat
would be free from tick bites under most circum-
stances). If one looks at kittens, the prevalence of
protozoan parasites in this population is much
different than in adult cats. Kittens are more
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likely to be shedding large number of oocysts
than adult cats. Of course, the truly rare parasites
are probably rare because they are not typically
parasites of the domestic cat.

The stages involved with the transmission of
protozoan parasites are often, but not always, the
same as those involved with diagnosis (Table 1.1).
In those cases where the resistant stage is shed in
the cat’s feces, it can often be recovered using rou-
tine methodologies of flotation. However, in cases
with severe diarrhea and rapid intestinal motility,
the resistant stages may not form, making diagno-
sis more difficult. In the case of Giardia felis, it
becomes necessary to examine the feces in a man-
ner that will allow the diagnosis of trophozoite
stages. This would also be the case in a cat with
amebic dysentery and perhaps in one with severe
coccidiosis. The protozoan parasites of the cat that
produce stages that are found in blood or tissue
samples are typically those transmitted by biting
arthropods. However, it would not be uncommon
for the number of circulating organisms to be at
such low levels that they may not be diagnosed by
a routine blood smear or biopsy specimen. Thus,
other forms of diagnosis might be required.
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COCCIDIA: THE PHYLUM
APICOMPLEXA

All members of the phylum Apicomplexa are
obligatory parasites. The phylum contains the coc-
cidial parasites and important blood parasites of
cats. Two of the parasites, Toxoplasma gondii and
Cryptosporidium parvum, are of public health
importance because they are zoonotic agents. The
phylum obtains its name from the assemblage of
organelles that are present in the anterior end of
invasive stages and collectively form the apical
complex (Current et al., 1990). The apical complex
is involved in the entrance of parasites in to host
cells. Cats are definitive hosts for several apicom-
plexan parasites including the genera Isospora,
Toxoplasma, Hammondia, Besnoitia, Sarcocystis,
Cryptosporidium, Babesia, and Cytauxzoon (Thei-
leria syn.). Isospora and Cryptosporidium are coc-

cidial parasites that can be associated with diar-
rhea. Toxoplasma, Hammondia, Besnoitia, and
Sarcocystis are coccidial parasites that have a two-
host life cycle and use cats as definitive hosts.
Intestinal infections in cats with these species are
usually asymptomatic. Babesia and Cytauxzoon
species are tick-transmitted blood parasites that
can cause anemia and death.

Cryptosporidium felis Iseki,
1979

Etymology

Crypto (hidden) + sporidium (related to the
spore-like oocyst stage) and felis for cat.

Synonyms
None.

History

This species was described by Iseki in 1979, but
it has taken some time for the separate designa-
tion of the species in the cat to be generally
accepted. At this time, it is considered by many
that this is a valid species of Cryptosporidium.

Geographic Distribution

Fig. 1.1.

It is believed that this species is worldwide in dis-
tribution. There have been reports specifically
identifying this species taken from cats in Japan
(Iseki, 1979) and Australia (Morgan et al., 1998;
Sargent et al., 1998). It has also been found in a
calf in Poland (Bornay-Llinares et al., 1999).
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Location in Host

Mucosal cells of the small intestine. The stages
are found throughout the small intestine, but the
schizont and oocysts are more common in the
posterior third of the intestine. The parasites tend
to be found mainly at the tips of the intestinal villi
and are never found in the crypts.

Parasite Identification

The oocysts of Cryptosporidium felis differ from
those of Cryptosporidium parvum in that they are
smaller. The oocysts of Cryptosporidium felis
measure 4.3 um in diameter (3.5 to 5 um). Those
of Cryptosporidium parvum tend to have a mean
diameter of 5 um.

Life Cycle

Cats are infected by the ingestion of an oocyst.
Each oocyst contains four sporozoites. Upon stim-
ulation by various aspects of the digestive system
of the new host, the sporozoites excyst from the
oocyst and penetrate cells of the mucosa. The
sporozoites, like other coccidians, induce phagocy-
tosis; however, unlike with other coccidians, the
small sporozoites appear to remain on the surface
of the cell; that is, the cell membrane bulges out
around the small parasite. Between the host cell
and the vacuole containing the parasite develops a
highly convoluted membrane-like structure that is
called the “feeding organelle” or “apical organelle.”
Within the vacuole, the parasite undergoes schizo-
gony to produce eight daughter merozoites. These
then go on to infect other cells. The next phase of
the infection is the development of sexual stages,
macrogametocytes and microgametocytes. The
microgametes are aflagellar but are capable of
movement, and they will fuse with a macrogamete.
After fusion, the macrogamete deposits an oocyst
wall to become an oocyst. While still within the
host, the oocyst undergoes a process of sporulation
to produce oocysts that contain four infective
sporozoites. Iseki (1979) described that these
sporozoites were sometimes seen to be undergoing
spontaneous excystation within the intestinal mate-
rial he examined, and he felt that autoinfection was
a distinct possibility. In experimentally infected
cats, the prepatent period was 5 to 6 days, and the
patent period was 7 to 10 days.

Clinical Presentation and Pathogenesis

Cryptosporidium felis has not been reported to
cause disease experimentally in cats, but it is very
unclear as to whether cats are routinely infected
with this species or with isolates of Cryptospor-
idium parvum (See the next section on crypto-
sporidiosis in cats.)

Asahi et al. (1991) showed that experimentally
infected cats shed oocysts for an extended period,
up to 3 to 5 months. They held three of these cats
for a year and then initiated prednisolone inocu-
lations. After about a week of prednisolone treat-
ment, these cats again shed large numbers of
oocysts in their feces. None of the cats developed
significant diarrhea or weight loss during the
infections even though they shed large numbers
of oocysts.

Treatment

Cases known to be caused by Cryptosporidium
felis have not been treated, and there have been no
attempts to treat cats experimentally infected with
this species.

Epizootiology

The stage shed in the feces of cats is infective
when passed in the feces. Thus, cats that are
infected put other animals and their handlers at
risk of infection. The fact that there have been
numerous cases of zoonotic infections of Cryp-
tosporidium parvum amongst veterinary students
who are working with neonatal calves or foals
would indicate that it is highly likely that the
oocysts can be spread to people who believe they
are taking proper precautions.

Hazards to Other Animals

Initially, it was felt that Cryptosporidium felis
was fairly well restricted to the cat. Iseki (1979)
tried to infect mice (three) and guinea pigs (three)
with this parasite and was unsuccessful. Asahi et
al. (1991) gave oocysts recovered from cats to
mice, hydrocortisone-treated mice, suckling
mice, guinea pigs, and dogs; none of these ani-
mals developed infection. Similarly, Mtambo et
al. (1996) were unable to infect suckling mice
with oocysts isolated from a cat in Scotland.
Recently, however, a calf in Poland was identified
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that had small oocysts in its feces that were iden-
tified via molecular typing to be Cryptosporidium
felis (Bornay-Llinares et al., 1999).

Hazards to Humans

It is unclear what the role is between Cryptosporid-
ium felis and human infections. There is a report
that molecular sequencing identified oocysts with
the Cryptosporidium felis genotype in the feces of
HIV-infected patients (Pieniazek et al., 1999). This
would indicate that cats infected with Cryp-
tosporidium felis might pose a threat to humans,
perhaps only immunocompromised humans.

Control/Prevention

The oocyst is infective when passed, but it is
killed by heating to over 60°C. Thus, good
hygiene, the routine washing of cages, and the
washing of bedding in a regular washer and drier
(or drying on a line on a good sunny day) will
probably destroy oocysts.
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Feline Cryptosporidiosis

No matter what species is involved, Cryp-
tosporidium felis or Cryptosporidium parvum,
cats do present with severe disease due to infec-
tion with this pathogen. A typical presentation of
a cat with disease is one that has an underlying
immunosuppressive disorder such as a feline
leukemia virus infection (Monticello et al., 1987).
However, there are cases where cats develop
severe disease and persistent cryptosporidiosis
where there is no apparent underlying condition
(Lappin et al., 1997). Also, the recent develop-
ment of serological tests that detect antibody in
the blood of cats that have been infected would
suggest that somewhere around 15 percent of cats
throughout the United States have been or are
currently infected with Cryptosporidium (Lappin
et al., 1997; McReynolds et al., 1999).

The cat that presents with cryptosporidiosis
will be having recurring bouts of diarrhea. The
disease caused by Cryptosporidium infection is a
water-losing diarrhea caused by the development
of the parasites within the epithelial cells of the
mucosa. Histologically, infection causes a blunt-
ing of the intestinal villus and crypt hyperplasia
that is accompanied by an intense neutrophilic
response (Tzipori et al., 1983). In AIDS patients
with cryptosporidiosis, it has been found that net
water, sodium, and chloride movement was the
same as that in healthy controls (Kelly et al.,
1996). From this work, these authors concluded
that the diarrhea may be due to the secretion of
electrolytes and water efflux distally to the site of
infection or due to some yet undefined feature of
the infection. Using monolayers of polarized
colonic epithelial cells and the experimental
infection of these cells with Cryptosporidium
parvum, it has been shown that there is an
increased macromolecular permeability of the
monolayer, and it was felt that disruption of the
epithelial cell barrier plays a role in the observed
diarrhea (Adams et al., 1994). Additional work
using the cell monolayer system has shown rather
conclusively that the infection of the epithelial
cells will ultimately result in significant changes
in the host cell permeability and the permeability
of the entire monolayer (Griffiths et al., 1994).
Also, the infection will result in the death of the
infected cells.
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Treatment of cats that are undergoing infection
is as difficult as treatment is in humans. The basic
therapy is the relief of symptoms and increased
fluids. Paromomycin has been used to treat cats
with some success (Barr et al., 1994), but this ther-
apy is not without potential complications that can
include renal failure (Gookin et al., 1999).

Cats have on occasion been experimentally
infected with what is thought to be Cryptosporid-
ium parvum isolated from calves (Current et al.,
1983; Pavlasek, 1983), but cats seem rather refrac-
tory to such infections. In a trial we performed at
Cornell where two virus-free kittens were each fed
10 million oocysts, only a very few oocysts were
shed in the feces of these cats, and they never
developed signs of infection. Dogs have until very
recently been considered to be infected with the
same species, Cryptosporidium parvum, that
occurs in calves and humans. Dogs can be experi-
mentally infected with oocysts from calves, but the
number of oocysts shed by these dogs appears to
remain relatively low (Lloyd and Smith, 1997).
Also, recent evidence tends to indicate that dogs
may have their own phenotype as determined by
DNA-sequencing methods (Pieniazek et al., 1999).

The potential transmission of Cryptosporidium
between cats and people is currently fairly unde-
fined. There have been reports linking feline
cryptosporidiosis to human infection (Egger et
al., 1990; Pieniazek et al., 1999). At the same
time it would seem that many of the human iso-
lates are neither from cats nor cattle; rather the
infections are acquired from other humans. There
have also been studies that have shown that pet
ownership is not a risk factor for HIV-infected
individuals (Glaser et al., 1998).

Fig.1.2. Cryptosporidium parvum
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Isospora felis Wenyon, 1923
Etymology

Isospora (Iso equal; spora spore) and felis for cat.

Synonyms

Diplospora bigemina of Wasielewski (1904) in
part; Isospora bigemina of Swellengrebel (1914);
Isospora rivolta Dobell and O’Connor, 1921;
Isospora cati Marotel, 1921; Lucetina felis
(Wenyon, 1923) Henry and Leblois, 1926; Isospora
felis var. servalis Mackinnon and Dibb, 1938;
Levinea felis (Wenyon, 19. 1-23) Dubey, 1977,
Cystoisospora felis (Wenyon, 1923) Frenkel, 1977.

History

The earliest report of coccidia in cats was probably
given by Finck in 1854 (Wenyon, 1923; Shah,
1970a), who described stages in the villi of cats as
corpuscles gemines. Wenyon (1923) indicated that
these stages were in the lamina propria and not in
the enterocytes as were Isospora felis and Isospora
rivolta. The subepithelial location would indicate
that these parasites were a Sarcocystis spp. The
oocysts of Isospora felis (large size) and Isospora
rivolta (medium size) found in cats closely resem-
ble the oocysts of Isospora canis (large size) and
Isospora ohioensis-like (medium size) organisms
observed in the feces of dogs (Lindsay and Blag-
burn, 1991). During the first half of this century
dogs and cats were thought to share the same
species of coccidia. Nesmeséri (1960) demon-
strated that Isospora felis from cats was not trans-
missible to dogs and named the canine parasite
Isospora canis. Shah (1970a) later confirmed these
findings. Several researchers were unable to pro-
duce patent infections in dogs with Isospora riv-
olta oocysts isolated from cats (Pellérdy, 1974;
Dubey et al., 1970; Dubey, 1975a) or in cats with
Isospora rivolta oocysts isolated from dogs
(Dubey, 1975a). Based on the results of these stud-
ies Isospora rivolta was retained for the species in
cats, and the species in dogs was named Isospora
ohioensis (Dubey, 1975a).

In the early 1970s, researchers demonstrated
that oocysts of Isospora felis and Isospora rivolta
would excyst in mice and the sporozoites would
invade mesenteric lymph nodes and other extrain-

testinal sites (Frenkel and Dubey, 1972). These
encysted stages are infectious when fed to cats
and result in oocyst production.

Geographic Distribution

Fig. 1.3.

Isospora felis is found worldwide where cats are
present.

Location in Host

Feline Definitive Hosts. Asexual and sexual
multiplication occurs in enterocytes primarily in
the posterior small intestine. Asexual stages are
also observed in extraintestinal tissues.

Paratenic Hosts. In these hosts, sporozoites
can persist within various cells in the lymphatic
system of the peritoneal cavity.

Parasite Identification

Oocysts measure 38-51 by 27-39 um (mean:
41.6 by 30.5 um) (Shah, 1970a) (Fig. 1.4). The
length to width ratio is 1.3-1.4 (mean: 1.35). The
oocysts of Isospora felis are the largest of the coc-
cidial oocysts observed in cats (Table 1.3). No
micropyle is present. Inclusions (hazy bodies)
may be observed between the sporont and oocyst
wall in freshly excreted oocysts. The hazy bodies
degenerate as the oocysts sporulate. No oocyst
residuum is present in sporulated oocysts. Sporu-
lated oocysts contain two sporocysts (Fig.1.5).
Sporocysts measure 20-26 by 17-22 pm (mean,
22.6 by 18.4 um) and contain a sporocyst
residuum and four sporozoites but no Stieda
body. The sporocyst residuum is granular and
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Fig. 1.4. Isospora felis. Oocysts passed in the feces
of a naturally infected cat.

Fig. 1.5. Isospora felis. Sporulated oocyst.

TABLE 1.3—Comparison of measurements
in micrometers of coccidial oocysts from cats

Length (mean) Width (mean)
Species (Um) (1m)
Isospora felis 38 to 51 27 to 39
Isospora rivolta 18 to 28 16 to 23
Toxoplasma gondii 11to 13 11to 13
Hammondia 10to 13 10to 13

hammondi
Hammondia pardalis 36 to 46 (40.8) 25 to 35 (28.5)

Besnoitia darlingi 11to 13 11to 13

Besnoitia wallacei 16t0 19 (17) 10to 13 (11)

Cryptosporidium 4to5 4to5
parvum

Sarcocystis spp. 11to 14 7t09

may contain refractile globules. Sporozoites are
10-15 um long, lie lengthwise in the sporocyst,
and contain a single nucleus and a refractile glob-
ule. Occasionally a sporulated Isospora felis
oocyst will be observed that is Caryospora-like,
having a single sporocyst that contains eight
sporozoites (Shah, 1970a).

Life Cycle

Most members of the cat family Felidae are prob-
ably suitable definitive hosts. Levine and Ivens
(1981) indicated the following were suitable
definitive hosts: European wild cat (Felis sil-
vestris), ocelot (Felis pardalis), serval (Felis ser-
val), tiger (Leo tigris), lion (Felis leo), jaguar (Leo
onca), and lynx (Lynx Iynx). Oocysts are excreted
unsporulated. Oocyst sporulate in 40 hours at
20°C, 24 hours at 25°C, 12 hours at 30°C, and
8 hours at 38°C (Shah, 1970b). Sporulation does
not occur at temperatures above 45°C.

Several authors have described portions of the
endogenous life cycle of Isospora felis in cats
(Wenyon, 1923; Hitchcock, 1955; Shah, 1971;
Ferguson et al., 1980a, 1980b; Daly and Markus,
1981). Sporozoites excyst from Isospora felis
oocysts in the small intestine. Developmental
stages are located in enterocytes of the distal
portions of the villi in the ileum, and rarely the
duodenum and jejunum. The first developmental
cycle is probably by endodyogeny, and at least
three structural types of meronts are produced
(Shah, 1971). Mature first-generation meronts
of Isospora felis were first observed 4 days
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Table 1.4—Treatment of intestinal coccidiosis and cryptosporidiosis in cats

Antiprotozoal agent

Treatment regimen

COCCIDIOSIS
Sulfadimethoxine (SDM)

SDM plus ormetoprim (OM)
Sulfaguanidine
Sulfadiazine (SD) and trimethoprim (TRI)

50 mg/kg for 10 days or 55 mg/kg for 1 day and
27.5 mg/kg until signs disappear
55 mg/kg SDM plus 11 mg/kg OM for up to 23 days
150 to 200 mg/kg for 5 days
25 to 50 mg/kg SD plus 5 to 10 mg/kg TRI for 6 days
for cats over 4 kg

12.5 to 25 mg/kg SD plus 2.5 to 5 mg/kg TRI for

Amprolium HCI (AMP)

6 days for cats over 4 kg
300 to 400 mg/kg for 5 days

110 to 220 mg/kg for 7 to 12 days
20 to 40 mg/kg for 10 days (Blagburn)

AMP plus SDM
Quinacrine
Furazolidone

150 mg/kg AMP plus 25 mg/kg SDM for 14 days
10 mg/kg for 5 days
8 to 20 mg/kg once or twice daily

Use % this dose if combined with sulfonamides

CRYPTOSPORIDIOSIS
Paromomycin

165 mg/kg every 12 hours for 5 days

postinoculation (PI) and produced 16-17 mero-
zoites. Mature second-generation meronts were
first observed 5 days PI and produced about
10 merozoites. Mature third-generation meronts
were first observed 6 days PI, were in the same
host cell as the second-generation meronts, and
produced 36 to 70 merozoites. Sexual stages were
first observed 6 days PI. Oocysts were first
observed 7 days PI. The prepatent period is 7—11
days, and the patent period is 10-11 days.

Mice (Mus musculus), Norway rats (Rattus
norvegicus), golden hamsters (Mesocricetus aura-
tus), cows (Bos taurus), and dogs (Canis famil-
iaris) can serve as paratenic hosts (Dubey, 1975b;
Dubey and Frenkel, 1972; Fayer and Frenkel,
1979; Frenkel and Dubey, 1972; Wolters et al.,
1980). The sporozoites present in the tissues of
these hosts are infective to cats if they are ingested.

Clinical Presentation
and Pathogenesis

Experimental studies indicate that Isospora felis is
moderately pathogenic for 6-week-old to 13-week-
old kittens given 1 to 1.5 x 10° oocysts. Soft,
mucoid, feces are observed in kittens 8 days after
infection, but severe disease does not occur. Micro-
scopic lesions in kittens examined early in infec-
tion (about 6 days after being given oocysts) are
mild and consist of erosion of the superficial

epithelial cells. In kittens examined later in the
infection (7 to 9 days after infection) congestion,
mild neutrophilic infiltration, and hypersecretion
of the mucosa are observed (Shah, 1971). Addi-
tionally, epithelial hyperplasia was also noted in
some Kittens. Isospora felis is more pathogenic for
younger Kkittens. Four-week-old kittens may
develop severe disease characterized by signs of
enteritis, emaciation, and death if given 1 x 10°
oocysts (Andrews, 1926).

No signs of disease are seen in paratenic hosts.

Treatment

Coccidiosis in cats can be treated with various
sulfonamides and quinacrine (Table 1.4).

Epizootiology

Cats are very commonly infected with this para-
site. It is unclear whether cats are infected more
commonly by oocysts or by the ingestion of para-
tenic hosts.

Hazards to Other Animals
None known.

Hazards to Humans

It is possible that humans could serve as paratenic
hosts. No recorded cases of human infection exist.
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Isospora rivolta (Grassi,
1879) Wenyon, 1923

Etymology

Isospora (Iso equal; spora spore) and rivolta for
Dr. Rivolta.

Synonyms

Coccidium rivolta Grassi, 1879; Diplospora
bigemina of Wasielewski (1904) in part; Isospora
rivoltae Dobell, 1919; Lucetina rivolta (Grassi,
1879) Henry and Leblois, 1926; Isospora novo-
cati Pellerdy, 1974; Levinea rivolta (Grassi, 1879)
Dubey, 1977; Cystoisospora rivolta (Grassi,
1879) Frenkel, 1977.

Geographic Distribution

Fig. 1.6.

Isospora rivolta is found worldwide where cats
are present.

Location in Host

Feline Definitive Hosts. Asexual and sexual
multiplication occurs in enterocytes primarily in
the posterior small intestine. Asexual stages are
also observed in extraintestinal tissues.
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Paratenic Hosts. In paratenic hosts, as with
Isospora felis, sporozoites will enter and persist
in cells within various lymphatic cells within the
tissues of these hosts.

Parasite Identification

Sporulated oocysts measure 23-29 by 20-26 mm
(mean, 25.4 by 23.4 um). The length to width
ratio is 1.08. The oocysts of Isospora rivolta rep-
resent the midrange of coccidial oocysts that
are passed in the feces of cats (Table 1.3). No
micropyle is present. Inclusions (hazy bodies)
may be observed between the sporont and oocyst
wall in freshly excreted oocysts. The hazy bodies
degenerate as the oocysts sporulate. No oocyst
residuum is present in sporulated oocysts. Sporu-
lated oocysts contain two sporocysts. Sporocysts
measure 13-21 by 10-15 pum (mean, 17.2 by
15.0 um) and contain a sporocyst residuum and
four sporozoites but no Stieda body. The sporo-
cyst residuum is granular and may contain refrac-
tile globules. Sporozoites are 10-14 by 2.5-3 um
(mean, 12.4 by 2.8 um) and contain a single cen-
trally located nucleus and two refractile globules.
Occasionally a sporulated Isospora rivolta oocyst
will be observed that is Caryospora-like, having a
single sporocyst that contains eight sporozoites.

Life Cycle

Most members of the cat family Felidae are prob-
ably suitable definitive hosts. Levine and Ivens
(1981) indicated the following were suitable
definitive hosts: European wild cat (Felis sil-
vestris), jungle cat (Felis chaus), tiger (Leo tigris),
and leopard (Leo pardus). Oocysts of Isospora
rivolta are excreted unsporulated. Sporulation
occurs within 24 hours at 24°C, 12 hours at 30°C,
and 8 hours at 37°C.

Dubey (1979) described the endogenous devel-
opment of Isospora rivolta in kittens. Three struc-
tural types of meronts were observed. Type 1
meronts were first observed 0.5 days PI, were
divided by endodyogeny, and produced up to
8 merozoites. Type 2 meronts were first observed
2 days PI, were multinucleated and merozoite
shaped, and produced an undetermined number of
merozoites. Several divisional cycles probably
occurred in the same parasitophorous vacuole.
Type 3 meronts were first observed 3 days PI and

contained 2 to 30 merozoites. Sexual stages and
oocysts were first observed 5 days PI. The
prepatent period is 4 to 7 days, and the patent
period is greater than 2 weeks.

Mice (Mus musculus), Norway rats (Rattus
norvegicus), golden hamsters (Mesocricetus
auratus), cows (Bos taurus), and opossums
(Didelphis viginiana, syn. Didelphis marsupialis)
(Dubey and Frenkel, 1972). Rodents have been
found to serve as paratenic hosts in the life cycle
of Isospora rivolta. The developmental cycle in
kittens fed mouse tissues containing Isospora riv-
olta stages was similar to that in cats given
oocysts, but the appearance of the different stages
was delayed 0.5 to 2 days within the cat host
(Dubey and Streitel, 1976).

Clinical Presentation
and Pathogenesis

Experimental studies indicate that Isospora rivolta
is pathogenic for newborn but not weaned kittens
(Dubey, 1979). Diarrhea occurs 3 to 4 days after
inoculation of 1 x 10° to 1 x 10° oocysts in new-
born kittens. Microscopic lesions consisting of
congestion, erosion, villous atrophy, and cryptitis
were seen in these kittens. No deaths occurred. No
clinical signs were observed in 10- to 13-week-old
kittens given 1x 10° oocysts.

Treatment

Coccidiosis in cats can be treated with various
sulfonamides and quinacrine (Table 1.4).

Epizootiology

Cats are very commonly infected with this para-
site. It is unclear whether cats are infected more
commonly by oocysts or by the ingestion of
paratenic hosts.

Hazards to Other Animals

None known.

Hazards to Humans

It is possible that humans could serve as paratenic
hosts. No recorded cases of human infection exist.
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Toxoplasma gondii (Nicolle
and Manceaux, 1908)

Nicolle and Manceaux, 1909

Etymology

Toxoplasma (Toxo = arc shaped; plasma = cell)
gondii for the type intermediate host, Ctenodacty-
lus gundi.

Synonyms
Leishmania gondii Nicolle and Manceaux, 1908;
several authors have described species of Toxo-

plasma from additional hosts, but they are not
valid (Levine, 1977).

Type Intermediate Host

The gondi (Ctenodactylus gundi), a North African
rodent.

Other Intermediate Hosts

Most mammals and birds are susceptible to Toxo-
plasma gondii infection. Some animal species,
such as Australian marsupials, arborial monkeys,
and lemurs are highly susceptible to toxoplasmosis.

Type Definitive Host

Domestic cat, Felis catus.

Other Definitive Hosts

Mountain lion (Felis concolor), ocelot (Felis
pardalis), margay (Felis weidii), jaguarundi (Felis
yagouaroundi), bobcat (Felis rufus), bengal
tiger (Felis bengalensis), and Iriomote cats (Felis
iriomotensis).

Geographic Distribution

Fig. 1.7.

Distribution is worldwide.

History

The complete life cycle of Toxoplasma gondii
was not fully described until 1970, about 62
years after its discovery in 1908. The first case of
human toxoplasmosis was reported in 1923 in an
11-month-old congenitally infected infant that
had hydrocephalus and microphthalmia with
coloboma (Remington et al., 1995). In the late
1930s and early 1940s it became well established
that toxoplasmosis is an important disease of
humans and that infections in infants are
acquired prenatally. The rate of congenital toxo-
plasmosis in humans was too low to explain the
high seroprevalence of Toxoplasma gondii in the
populations examined. Carnivorism was sug-
gested by several researchers and conclusively
proven in 1965. Ingestion of infected meat, how-
ever, did not explain Toxoplasma gondii infection
in vegetarians or herbivores, and other modes of
transmission had to be present. Hutchison first
found resistant Toxoplasma gondii in cat feces in
1965 and thought it was enclosed in the eggs of
Toxocara cati (Dubey and Beattie, 1988). Several
studies disproved the association of Toxoplasma
gondii with Toxocara cati, and in 1969-1970
several groups of researchers reported the pres-
ence of a coccidial oocyst in cat feces that was
Toxoplasma gondii (Figs. 1.8 and 1.9). Toxo-
plasma gondii oocyst excretion has been
observed in several species of felids in addition
to the domestic cat (Miller et al., 1972; Jewell
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Fig. 1.8. Toxoplasma gondii. Oocyst passed in the
feces of a cat.

Fig. 1.9. Toxoplasma gondii. Sporulated oocyst.

etal., 1972). The first case of fatal toxoplasmosis
in a cat was reported in 1942 (Dubey and Beattie,
1988). Fatal toxoplasmosis has been reported
in wild felids in zoos and from pelt farms (Dubey
et al., 1987).

Life Cycle of Toxoplasma gondii in Cats. The
life cycle of Toxoplasma gondii is complex. Cats
serve as both definitive and intermediate hosts
for the parasite. There are two distinct types of
asexual stages that are present in extraintestinal
tissues of cats and other intermediate hosts
(Dubey and Frenkel, 1972, 1976) These stages
are intracellular except for brief periods of time
when they have ruptured host cells and are

Fig. 1.10. Toxoplasma gondii. Cyst of strain T264 in
the brain of experimentally infected mouse.

actively seeking new host cells. Tachyzoites are
rapidly dividing stages that cause tissue damage
and disseminate the infection in host tissues.
After a period of multiplication (about 3 days)
some tachyzoites will begin to produce the latent
tissue cyst stages that contain bradyzoites.
Bradyzoites are slowly dividing stages that are
found in tissue cysts. Both tachyzoites and
bradyzoites divide into two by endodyogeny.
Bradyzoites can transform into tachyzoites
(Fig. 1.10). Bradyzoites are the only life cycle
stage that can give rise to the enteroepithelial
developmental cycle (oocyst-producing cycle) in
the cat’s intestine. Tissue cysts are present for
up to 1.3 years (probably until host death) after
inoculation in cats, and most tissue cysts are
located in the heart (Dubey, 1977).

The life cycle of Toxoplasma gondii in the
cat varies based on the developmental stage that
the cat ingests (Dubey and Frenkel, 1972, 1976;
Dubey, 1979; Freyre et al., 1989). When cats
ingest tissue cysts, the bradyzoites are released
after passage through the stomach. Some brady-
zoites will penetrate enterocytes and begin the
enteroepithelial cycle that will terminate in oocyst
production (Dubey, 1979) (Fig. 1.11). However,
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Fig. 1.11. Toxoplasma gondii. Gametocytes and
schizonts in the epithelial cells of an experimentally
infected cat. (Photo courtesy of JP Dubey)

some bradyzoites will penetrate into the intestinal
lamina propria and begin development as tachy-
zoites. Infectious stages of Toxoplasma gondii are
present in the liver and mesenteric lymph nodes
as early as 8 hours after tissue cysts are ingested
and chronic infections are produced by these
stages. Five structurally distinct types of sch-
izonts are produced in the enterocytes of the small
and large intestine prior to the formation of sex-
ual stages at 3—4 days (Dubey and Frenkel, 1972;
Dubey, 1979). The prepatent period is 3 to 10
days for tissue cyst—induced infections. Oocysts
are excreted in the feces for 7 to >20 days, with
most being excreted between days 5 and 8.
Ingestion of sporulated Toxoplasma gondii
oocysts or tachyzoites results in oocyst-excreting
infections in only 16 to 20 percent of cats as com-
pared with 97 percent of cats that are fed tissue
cysts (Dubey and Frenkel, 1976; Freyre et al.,
1989; Dubey, 1996). The prepatent period is at
least 18 days in cats fed oocysts as compared with
3 to 10 days in cats that are fed tissue cysts
(Dubey, 1996). The reason for the extended

prepatent period is that the sporozoites or tachy-
zoites must first produce tissue cysts that contain
bradyzoites. These bradyzoites will then find their
way back to the intestine to produce the enteroep-
ithelial cycle that results in oocyst production.

Qocyst Biology. Unsporulated Toxoplasma
gondii oocysts are spherical to subspherical, and
contain a single mass (sporont) (Fig. 1.8). Sporula-
tion occurs in the environment and is dependent on
temperature and moisture (Dubey et al., 1970a).
Sporulation is asynchronous, and some oocysts will
be sporulated before others. Completely infectious
oocysts are present by 24 hours at 25°C (room tem-
perature); by 5 days at 15°C, and by 21 days at
11°C (Dubey et al., 1970b). Unsporulated oocysts
do not survive freezing but can remain viable at 4°C
for several months and become infectious if placed
under the appropriate conditions. Unsporulated
oocysts die if kept at 37°C for 24 hours and are
killed by 10-minute exposure to 50°C.

A small population of unsporulated oocysts can
survive anaerobic conditions for 30 days and
remain capable of developing. Oocysts do not
sporulate in 0.3 percent formalin, 1 percent
ammonium hydroxide solution, or 1 percent
iodine in 20 percent ethanol but can sporulate
in 5 percent sulfuric acid, 20 percent ethanol,
10 percent ethanol plus 10 percent ether, 1 percent
hydrochloric acid, 1 percent phenol, and tap water
(Dubey et al., 1970a, 1970b). Drying kills Toxo-
plasma gondii oocysts. Cockroaches, flies, earth-
worms, and other phoretic hosts can serve to dis-
tribute Toxoplasma gondii oocysts from the site of
defecation in the soil (Dubey and Beattie, 1988).

Sporulated Toxoplasma gondii oocysts are sub-
spherical to ellipsoidal, and each contains two
ellipsoidal sporocysts, which enclose four sporo-
zoites (Fig. 1.9). Sporulated oocysts are more
resistant to environmental and chemical stresses
than are unsporulated oocysts. Viable oocysts of
Toxoplasma gondii have been isolated from soil
samples (Ruiz et al., 1973; Coutinho et al., 1982;
Frenkel et al., 1995), and experimentally they can
survive for over 18 months in the soil (Frenkel
et al., 1975). Sporulated oocysts cannot survive
freezing or temperatures of 55°C or greater (Ito
et al., 1975; Dubey, 1998). Sporulated oocysts
survive for several years at 4°C in liquid medium
(Dubey, 1998).
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Toxoplasma gondii Oocyst Excretion. All
ages, sexes, and breeds of domestic cats are sus-
ceptible to Toxoplasma gondii infection (Dubey
et al., 1977). Transplacentally or lactogenically
infected kittens will excrete oocysts, but the
prepatent period is usually 3 weeks or more
because the kittens are infected with tachyzoites
(Dubey et al., 1995b). Domestic cats under 1 year
of age produce the most numbers of Toxoplasma
gondii oocysts. Cats that are born and raised out-
doors usually become infected with Toxoplasma
gondii shortly after they are weaned and begin to
hunt. Toxoplasma gondii naive adult domestic
cats will excrete oocysts if fed tissue cysts, but
they usually will excrete fewer numbers of
oocysts and excrete oocysts for a shorter period of
time than recently weaned kittens.

Immunity to QOocyst Excretion. Intestinal
immunity to Toxoplasma gondii is strong in
cats that have excreted oocysts (Frenkel and
Smith, 1982a, 1982b, Dubey 1995). Primary
Toxoplasma gondii infection in cats does not
cause immunosuppression (Lappin et al., 1992a;
Davis and Dubey, 1995). Serum antibody does
not play a significant role in resistance to intes-
tinal infection, and intestinal immunity is most
likely cell mediated. Oocysts begin to be
excreted in the feces before IgM, IgG, or IgA
antibodies are present in the serum (Lappin
et al., 1989a; Lin and Bowman, 1991; Burney
et al., 1995). Partial development of the enteroe-
pithelial stages occurs in the intestines of
immune cats, but oocyst production is prevented
(Davis and Dubey, 1995). Most cats that have
excreted oocysts once do not re-excrete oocysts
if challenged within 6 months to 1 year. Intesti-
nal immunity will last up to 6 years in about
55 percent of cats (Dubey, 1995).
Immunosuppression with high doses of corticos-
teroid (10 to 80 mg/kg methylprednisolone acetate
intramuscularly [IM] weekly or 10 to 80 mg/kg
prednisone orally daily) will cause some chroni-
cally infected cats to re-excrete Toxoplasma gondii
oocysts (Dubey and Frenkel, 1974). However, clin-
ically relevant doses of 5 to 20 mg/kg corticos-
teroid given weekly for 4 weeks do not cause
recently or chronically infected cats to re-excrete
Toxoplasma gondii oocysts (Lappin et al., 1991).
Doses of 5 mg/kg cortisone acetate for 7 days will

not cause oocyst excretion in chronically infected
cats (Hagiwara et al., 1981).

Cats that are chronically infected with Toxo-
plasma gondii and then undergo a primary feline
immunodeficiency virus infection demonstrate an
increase in Toxoplasma gondii antibody titers,
suggesting some reactivation of encysted stages.
However, experimental studies indicate that there
is no reactivation of Toxoplasma gondii oocyst
excretion or development of clinical toxoplasmo-
sis (Lappin et al., 1992b; 1993; 1996b; Lin and
Bowman, 1992; Lin et al., 1992a). Rarely has
clinical disease been associated with reactivated
toxoplasmosis in feline immunodeficiency virus
(FIV) positive cats. Experimental feline leukemia
virus infection prior to Toxoplasma gondii chal-
lenge does not appear to predispose cats to acute
toxoplasmosis and has no effect on oocyst excre-
tion (Patton et al., 1991).

There is an interesting relationship that exists
between the intestinal coccidium Isospora felis and
Toxoplasma gondii in cats (Chessum, 1972;
Dubey, 1976). Cats that have previously recovered
from a Toxoplasma gondii infection will re-excrete
Toxoplasma gondii oocysts if they obtain a primary
Isospora felis infection afterwards. Cats that have a
primary Isospora felis infection followed by a pri-
mary Toxoplasma gondii infection develop strong
immunity to Toxoplasma gondii and will not re-
excrete Toxoplasma gondii oocysts if challenged
with Isospora felis (Dubey, 1978a). The mecha-
nism for this unusual relationship is not known.

Toxoplasmosis in Cats

Dubey and Carpenter (1993a) examined 100 cases
of histologically confirmed toxoplasmosis in
domestic cats and provided the definitive report on
clinical toxoplasmosis in cats. Eleven of 100 cats
were purebred, cats ranged in age from 2 weeks to
16 years, and 65 were male, 34 were female, and
the sex of 1 was not determined. Of the 100 cats 36
had generalized, 26 had pneumonic, 16 had
abdominal, 7 had neurologic, 9 had neonatal, 2 had
hepatic, 2 had cutaneous, 1 had pancreatic, and
1 had cardiac toxoplasmosis (Figs. 1.12—-1.16).
Fever (40 to 41.7°C) is present in many cats
with toxoplasmosis. Clinical signs of dyspnea,
polypnea, and icterus and signs of abdominal dis-
comfort are frequent findings. Gross and micro-
scopic lesions are found in many organs but are
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Fig. 1.12. Toxoplasma gondii. Focus of necrosis in a cat (H&E-stained histological section, 1000x). Note
numerous tachyzoites (arrows) at the periphery of the lesion.

Fig. 1.13. Toxoplasma gondii. Necrotizing abscess in
the brain of a naturally infected cat that contained
numerous dividing tachyzoites.

most common in the lungs. Gross lesions in the
lungs consist of diffuse edema and congestion,
failure to collapse, and multifocal areas of firm,
white to yellow, discoloration. Pericardial and
abdominal effusions may be present. The liver is
the most frequently affected abdominal organ,

o
Fig. 1.14. Toxoplasma gondii. Higher-power view of
abscess in the brain showing the organisms.

and diffuse necrotizing hepatitis may be visible
grossly. Gross lesions associated with necrosis
can also be observed in the mesenteric lymph
nodes and pancreas.

Ocular lesions are also common in cats, but the
actual prevalence is not known. Most lesions are
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Fig. 1.15. Toxoplasma gondii. Macrophage from the
abdominal cavity of a naturally infected cat
containing numerous tachyzoites.

Fig. 1.16. Toxoplasma gondii. Electron micrograph
of a tachyzoite of the RH strain showing the
structures typical of this apicomplexan parasite,
e.g., apical complex, rhoptries, and dense
granules. (Image kindly supplied by the late Dr.
John Cummings.)
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Fig. 1.17. Toxoplasma gondii. Glial nodule in the
cerebrum of a congenitally infected kitten (H&E-
stained histological section). A tissue cyst (arrow)
and tachyzoites (arrowhead) are present at the
periphery of the nodule.

in the anterior segment (Lappin et al., 1989c).
Cats with ocular lesions have a higher seropreva-
lence than cats with normal eyes. Ocular findings
are varied: They include aqueous flares, hyphema,
velvety iris, mydriasis, anisocoria, retinal hemor-
rhages, retinal atrophy, retinochoriditis, and slow
pupillary reflex.

Central nervous system toxoplasmosis is not
common in cats. Neurological signs including
hypothermia, partial or total blindness, stupor,
incoordination, circling, torticollis, anisocoria,
head bobbing, ear twitch, atypical crying, and
increased affectionate behavior have been
reported (Dubey and Carpenter, 1993a).

Congenital toxoplasmosis occurs in cats, but
the frequency is not known (Dubey and Carpen-
ter, 1993b) (Figs. 1.17 and 1.18).

Clinical Signs of Feline Toxoplasmosis. The
severe central nervous system involvement
observed in congenitally infected infants and
AIDS patients and the tendency of tissue cysts to
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Fig. 1.18. Toxoplasma gondii. Liver of a congenitally
infected 8-day-old kitten.

Fig. 1.19. Toxoplasma gondii. Alveolar macrophage
of a cat with tachyzoites after 40 hours of in-vitro
co-culture.

develop in the brains of humans and mice have
led to the erroneous assumption by many that
toxoplasmosis in all animals is a central nervous
system disease. Central nervous system infections
do occur in cats but neurologic signs are not the
most common clinical sign of infection in cats
(Dubey and Carpenter, 1993a).

Fever (40 to 41.7°C) is present in many cats with
toxoplasmosis. Clinical signs of dyspnea, polyp-
nea, and icterus and signs of abdominal discomfort
were the most frequent findings in 100 cats with
histologically confirmed toxoplasmosis (Dubey
and Carpenter, 1993a). Uveitis and retinochoroidi-
tis are also common clinical signs in cats with tox-

oplasmosis. Gross and microscopic lesions are
found in many organs but are most common in the
lungs. Gross lesions in the lungs consist of edema
and congestion, failure to collapse, and multifocal
areas of firm, white to yellow, discoloration. Peri-
cardial and abdominal effusions may be present.
The liver is the most frequently affected abdominal
organ and diffuse necrotizing hepatitis may be vis-
ible grossly. Gross lesions associated with necrosis
can also be observed in the mesenteric lymph
nodes and pancreas.

Ocular lesions of toxoplasmosis are common
in cats. The actual prevalence is not known, but
antibodies to Toxoplasma gondii were observed
in the sera of 80 percent of cats with uveitis in one
study (Chavkin et al., 1992), indicating a high
prevalence in infected cats. Most lesions are in
the anterior segment (Lappin et al., 1992c¢). Ocu-
lar findings are varied: they include aqueous flare,
hyphema, iritis, mydriasis, anisocoria, retinal
hemorrhages, retinal atrophy, retinochoroiditis,
and slow pupillary reflex.

Central nervous system toxoplasmosis is not
common in cats. In one study, only 7 of 100 cases
of histologically confirmed cases of toxoplasmo-
sis had neurological signs (Dubey and Carpenter,
1993a). Neurological signs including hypother-
mia, partial or total blindness, stupor, incoordina-
tion, circling, torticollis, anisocoria, head bob-
bing, ear twitch, atypical crying, and increased
affectionate behavior have been reported.

Congenital toxoplasmosis occurs in cats, but the
frequency is not known. Disease in congenitally
infected kittens can be severe and fatal (Dubey
and Carpenter, 1993b). The most common clinical
signs are anorexia, lethargy, hypothermia, and
sudden death (Dubey et al., 1995b).

Diagnosis of Feline Toxoplasmosis. The diag-
nosis of clinical toxoplasmosis requires that three
criteria be fulfilled (Lappin, 1990). The cat must
have clinical signs consistent with toxoplas-
mosis and serological evidence of recent or active
infection, and the patient must respond to anti-
Toxoplasma gondii treatment or have Toxoplasma
gondii demonstrated in its tissues or body fluids.

Toxoplasmosis should be suspected in cats
with anterior uveitis, retinochoroiditis, fever, dys-
pnea, polypnea, abdominal discomfort, icterus,
anorexia, seizures, ataxia, and weight loss. Fecal
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Table 1.5—Serological tests for the demonstration of Toxoplasma gondii antibodies in cats

Test Antibody first detected Comments (cutoff titer)
IgG-ELISA 2 weeks Test detects IgG, 4 fold increase in titer
over 2 to 3 weeks indicates active
infection (1:64)
IgM-ELISA 1-2 weeks Test detects IgM, titer of >1:256 indicative
of active infection, positive [gM
with negative IgG indicates active
infection. (1:64)
Modified direct agglutination — —
Formalin fixed (FF) antigen 2 weeks Test detects IgG, 4 fold increase
in titer over 2 to 3 weeks indicates
active infection, titers remains high. (1:25)
Acetone fixed (AC) antigen 1-2 weeks Test detects IgG, titers high during
acute infection. High AC and low FF
titer indicates active infection. (1:100)
Indirect hemagglutination test (IHT), 2 weeks Tests detect IgG, IHT is insensitive,
latex agglutination test (LAT), 4 fold increase in titer over 2 to 3 weeks
IgG indirect fluorescent indicates active infection. (1:64)
antibody (IgG-IFA)
IgM-IFA 1-2 weeks Detects IgM, positive IgM with negative
or low IgG indicates active infection. (1:64)
Sabin-Feldman dye test 1-2 weeks Detects IgG and IgM, 4 fold increase

in titer over 2 to 3 weeks indicates active
infection. (1:16)

Note: Titers on paired serum samples should be examined on the same day to avoid test variability. (Adapted from Lindsay

et al., 1997a.)

examination only rarely detects oocysts in cats,
and most cats with clinical toxoplasmosis will not
be excreting oocysts at the time of presentation.
Thoracic radiographs may be helpful. Diffusely
disseminated and poorly demarcated foci of
increased radiodensity caused by interstitial and
alveolar pneumonia are suggestive of but not
definitive for Toxoplasma gondii in febrile cats.

Serological Tests for Active Toxoplasmosis.
Several serological tests are available for the
diagnosis of active toxoplasmosis in cats
(Table 1.5). Titers obtained in one type of test
may not correlate with titers obtained in other
tests (Patton et al., 1991; Dubey and Thulliez,
1989; Lappin and Powell, 1991). Most tests rely
on the detection of IgG antibodies, which do
not develop until about 2 weeks postinfection and
may remain at high levels for several years to
the life of the cat (Dubey et al., 1995a). There-
fore, diagnosis of active toxoplasmosis in cats
using an IgG-based test requires that a rising titer
be demonstrated (Lindsay et al., 1997a).
Diagnostic tests based on detection of IgM
antibodies (Lappin et al., 1989a, 1989c; Lin and
Bowman, 1991), circulating parasite antigens

(AG) (Lappin et al., 1989b), or acetone-fixed
(AF) tachyzoite antigens (Dubey et al., 1995a)
can detect early infections at 1 to 2 weeks postex-
posure. The Toxoplasma gondii—specific IgM lev-
els in cats peak at 3 to 6 weeks and drop to nega-
tive by 12 weeks postexposure in the [gM-ELISA
test. However, some cats will have sporadic low
IgM-ELISA levels for up to 1 year postexposure.
Peak detection of circulating Toxoplasma gondii
antigens occurs about 21 days postexposure, but
some cats will have circulating Toxoplasma
gondii antigens for at least 1 year in the AG-
ELISA; overall, the test is not very useful in diag-
nosis (Lappin et al., 1989b). Reactivity to AF
tachyzoites in the modified direct agglutination
test (MAT, normally formalin-fixed [FF] tachy-
zoites are used) remains present for up to 70
months (Dubey et al., 1995a). The IgA-ELISA
produces variable results in detecting serum anti-
bodies in cats and is not used to detect early infec-
tions (Burney et al., 1995). The use of an early
detection test coupled with an IgG detection test
can provide valuable information on the kinetics
of the Toxoplasma gondii infection. For example,
a high IgM-ELISA titer and a negative or low
IgG-ELISA titer would indicate active infection.
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The reverse would be true for a chronic infection.
Serology can often be difficult to interpret and
should never be the sole basis for diagnosis.

Serological Tests for Ocular and CNS Toxoplas-
mosis. Detection of Toxoplasma gondii antibod-
ies in aqueous humor has been used as an aid in the
diagnosis of ocular toxoplasmosis in cats (Patton
et al., 1991; Lappin et al., 1992c, 1995; Lin et al.,
1992b). Calculating the Goldman-Witmer coeffi-
cient (C-value) helps correct for antibodies that
may have leaked across a damaged vasculature
and not been produced directly in the eye (Lappin
et al., 1992c). Experimentally infected cats begin
to have detectable IgA and IgG levels in aqueous
humor at 4 weeks postexposure, while IgM is
either not present or at levels too low to detect
(Lappin et al., 1995); however, all three antibody
isotypes have been found in the aqueous humor of
naturally infected cats. Cats with C-values <1 are
considered to have antibodies that have leaked
across a damaged vasculature, while C-values of
1 to 8 are highly suggestive of clinical ocular tox-
oplasmosis (Lappin et al., 1992¢, 1995). Cats with
C-values >8 are considered to have conclusive evi-
dence of ocular antibody production due to Toxo-
plasma gondii infection (Chavkin et al., 1994).
Most cats with C-values >1 will respond to specific
antitoxoplasmal treatment (Lappin et al., 1992c).
Although not conclusive, a trend toward associa-
tion of Toxoplasma gondii—specific IgA in the
serum of cats with ocular disease has been reported
(Burney et al., 1995).

Using the FF-MAT (Patton et al., 1991), a mod-
ified ELISA (Lin et al., 1992b), and IgG-ELISA
(Munana et al., 1995), Toxoplasma gondii anti-
bodies have been demonstrated in the cere-
brospinal fluid (CSF) of cats with experimental
infections but no clinical signs of encephalitis. No
IgM was detected in the CSF of experimentally
infected cats using the IgM-ELISA. Little else is
available on the diagnosis of toxoplasmic
encephalitis in cats using CSF. Because Toxo-
plasma gondii—specific IgG has been observed in
the CSF of clinically normal cats, it has been sug-
gested that the diagnosis of central nervous sys-
tem toxoplasmosis in cats not be based solely on
detection of intrathecally synthesized Toxoplasma
gondii—specific IgG (Muifiana et al., 1995).

Serological Tests for Neonatal Toxoplasmosis.
Neonatal toxoplasmosis is difficult to diagnosis
antemortem because the clinical signs are vague
and kittens will have nursed prior to examination.
Serological indications can be inferred in some
cases by comparing titers in queens with their kit-
tens (Dubey et al., 1995b) Transplacental transfer
of Toxoplasma gondii antibodies does not occur
in cats (Dubey et al., 1995b). If the queen is
seronegative, then it is unlikely that the kittens
have toxoplasmosis because transplacental trans-
mission is unlikely if the queen has acquired the
infection with less than 2 weeks left in pregnancy,
which is the time it takes for a detectable antibody
response. If the queen has a positive IgM titer or
the queen and kittens have rising IgG titers, then
transplacental or lactogenic transmission is possi-
ble. Western blot analysis of serum from the
queen and kitten can be helpful in diagnosing
neonatal toxoplasmosis in Kkittens (Cannizzo
et al., 1996). Antigen recognition patterns are dif-
ferent for congenitally infected kittens when
compared with queens or kittens that have mater-
nally acquired antibody. Serum for congenitally
infected kittens will usually recognize an antigen
with a molecular mass between 27 and 29 kD
(Cannizzo et al., 1996).

Other Methods of Detection of Toxoplasma
gondii Infections. Direct demonstration of 7ox-
oplasma gondii stages can be used to make a
method of antemortem diagnosis. Examination of
brocheolavage material or material collected by
abdominocentesis can be used to detect suspected
cases of disseminated toxoplasmosis in cats or
neonatal toxoplasmosis in kittens. Examination
of CSF may also demonstrate organisms in cases
of encephalitis.

The polymerase chain reaction (PCR) has been
widely used in human medicine to detect Toxo-
plasma gondii in secretions and fluids, and meth-
ods are currently under development for use in
cats (Stiles et al., 1996; Lappin et al., 1996b; Bur-
ney et al., 1998). The primers have been devel-
oped that amplify portions of the parasites Bl
gene and used to detect tachyzoites in serum,
blood, aqueous humor, and CSF. The PCR test
can detect DNA from as few as 10 tachyzoites in
serum, CSF, and aqueous humor (Stiles et al.,
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Table 1.6—Treatment of feline toxoplasmosis

Product

Treatment regimen

Clindamycin hydrochloride
Clindamycin phosphate
Pyrimethamine plus sulfonamide

Trimethoprim + sulfadiazine

Oral, 10-2 mg/kg BID for 4 weeks

IM, 12.5-25 mg/kg BID for 4 weeks

Oral, 0.25-0.5 mg/kg combined with 30 mg/kg
sulfonamide BID for 2 to 4 weeks

Oral 15 mg/kg BID for 4 weeks

1996; Lappin et al., 1996b) and DNA from as few
as 100 tachyzoites in blood (Stiles et al., 1996).
The use of PCR combined with traditional anti-
body testing may be useful in the antemortem
diagnosis of toxoplasmosis in cats. Results of
PCR testing alone should never be used as the
sole method of diagnosis of toxoplasmosis.

Postmortem diagnosis can be made by demon-
stration of the parasite in tissue sections using
routine methods or by supplementing histopatho-
logic examinations with immunohistochemical
staining for specific Toxoplasma gondii. Other
methods, such as bioassays in cats or mice, can be
used but are not practical.

Vaccination against Oocyst Excretion. A vac-
cine that prevents oocyst excretion in cats would
be beneficial for both veterinary and public health
reasons (Fishback and Frenkel, 1990; Frenkel et
al., 1991; Freyre et al., 1993). Vaccination of cats
would decrease environmental contamination
with oocysts. This would aid in preventing expo-
sure of animals and humans to oocysts and lead to
a decreased prevalence of the encysted parasite in
food animals.

Killed or recombinant tachyzoite—based vac-
cines do not stimulate intestinal immunity and are
of no value in preventing oocyst excretion. Tech-
nically it is not presently possible to produce suf-
ficient numbers of bradyzoites or enteroepithelial
stages to develop killed or recombinant vaccines
based on these stages.

Intestinal immunity can be induced by infect-
ing cats with an oocyst-producing strain of Toxo-
plasma gondii and by prophylactically treating
the cats for 8 to 19 days with anti—Toxoplasma
gondii chemotherapy (Frenkel and Smith, 1982a,
1982b). Oocyst excretion can be prevented during
the immunizing phase, and 80 to 85 percent of the
cats become immune. Although effective, this

method of vaccination is impractical for many
technical and safety reasons.

The life cycle of Toxoplasma gondii can be
manipulated by extensive passage of the parasite
in mice (Frenkel et al., 1976) or in cell cultures
(Lindsay et al., 1991) so that the bradyzoites lose
the ability to produce oocyst excretion in cats.
Unfortunately, none of these oocyst-less strains of
Toxoplasma gondii stimulate sufficient intestinal
immunity, and the cats will excrete oocysts when
challenged with an oocyst-producing strain.

Vaccination of cats against intestinal 7oxo-
plasma gondii infection has been successfully
achieved using a chemically induced mutant
strain (T-263) of the parasite (Frenkel et al., 1991;
Freyre et al., 1993). Oral administration of strain
T-263 bradyzoites results in intestinal infection
but does not result in oocyst production in cats.
These vaccinated cats do not excrete oocysts
when challenged with oocyst-producing strains of
Toxoplasma gondii. The T-263 strain is safe to use
in healthy cats. It would not be recommended for
use in pregnant cats or feline leukemia virus
(FeLV) positive cats or immunocompromised
cats (Choromanski et al., 1994, 1995). It has only
limited ability to persist in the tissues of cats and
cannot survive more than three back-passages in
cats. No reversion to oocyst excretion or increase
in virulence has been observed in over 200 inoc-
ulated cats. The T-263 strain is rapidly cleared
from the mouth of inoculated cats.

Treatment of Feline Toxoplasmosis. No
chemotherapeutic agents are approved for the
treatment of toxoplasmosis in cats. Table 1.6 lists
agents that are used to treat toxoplasmosis in cats.

Clindamycin is the drug of choice for the treat-
ment of disseminated toxoplasmosis in cats (Lap-
pin et al., 1989c). Clinically, the drug has been
widely used with good response.
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Table 1.7—Prevention of Toxoplasma gondii infection in cats and humans

Recommendation/Reason

Cats

1. Do not feed raw or rare meat to cats/Prevent exposure to tissue cysts.
2. Keep cats indoors and do not allow cats to hunt/Prevent exposure to tissue cysts in prey animals.
3. Vaccination (if it becomes available)/Prevent oocyst excretion.

Humans

1. Do not eat raw or rare meat/Prevent ingestion of viable tissue cysts.
2. Wash hands and food preparation surfaces with warm soapy water after handling and preparing raw

meat/Inactivate tissue cysts.

3. Wear gloves while gardening or wash hands after gardening/Prevent exposure to oocysts in the soil.

4. Wash all fruits and vegetables before eating/Remove any oocysts that may be present.

5. Change litter box daily. Pregnant women and immunosuppressed individuals should not change litter
box/Remove oocysts before they become infective and prevent exposure of high risk individuals.

Cats can also be treated with pyrimethamine or
trimethoprim combined with a sulfonamide.
Pyrimethamine is active at lower concentrations
than is trimethoprim. Sulfadiazine and sul-
famethoxazole are the sulfonomides most often
used. Bone marrow suppression can occur with
the use of pyrimethamine- or trimethoprim-sul-
fonamide combinations and can be corrected with
the addition of folinic acid (5 mg per day) or the
addition of yeast (100 mg/kg) to the cat’s diet.

Prevention of Toxoplasma gondii Infection in
Cats and Humans. Measures can be taken to
prevent or lower the risk of exposure of cats and
humans to Toxoplasma gondii. They are based on
a detailed knowledge of the parasite’s life cycle
and are presented in Table 1.7. They are based on
preventing exposure to sporulated oocysts or tis-
sue cysts.

Pork is the most likely source of tissue cysts for
people in the United States. This is because cattle
are naturally resistant, and other Toxoplasma
gondii—infected meats such as sheep and goat
are not consumed in significant amounts (Dubey,
1994). Chickens are susceptible to Toxoplasma
gondii infection, but because chicken is often
frozen and seldom eaten rare, it is not considered
a primary source of infection. Tissue cysts in meat
are killed by cooking to temperatures of 58°C for
10 minutes or 61°C for 4 minutes (Dubey et al.,
1990). Tissue cysts are believed to be killed
instantaneously by exposure to —13°C; however,
they will survive for up to 3 weeks at —3°C and
11 days at —6°C (Kotula et al., 1991). Gamma irra-
diation at an absorbed dose of 0.4 kGy is lethal for
tissue cysts in meat (Dubey and Thayer, 1994).

Cutting boards, knives, and other surfaces that
raw meat has contacted should be washed in
warm soapy water to kill the tissue cysts and any
bradyzoites that may have been liberated during
handling. Hands should also be washed in warm
soapy water after contact with raw meat.

Cat Ownership and the Risk of Toxoplasmosis.
It is logical to assume that veterinarians, who
have more exposure to cats (both sick and
healthy) than the general public, would be at a
greater risk for developing toxoplasmosis. How-
ever, serological studies do not confirm this
assumption (Behymer et al., 1973; Sengbusch
and Sengbusch, 1976; DiGiacomo et al., 1990). In
one study of AIDS patients it was conclusively
shown that owning cats did not increase the risk
of developing toxoplasmosis (Wallace et al.,
1993). However, the role of cat ownership and
exposure to Toxoplasma gondii is not completely
clear at present. Many studies have been con-
ducted to determine the association between cat
ownership or cat exposure and the prevalence of
Toxoplasma gondii infection in humans. Many
studies do not find a positive relationship
(Partono and Cross, 1975; Ulmanen and Leinikki,
1975; Durfee et al., 1976; Zigas, 1976; Tizard et
al., 1977; Gandahusada, 1978; Sedaghat et al.,
1978; Ganley and Comstock, 1980; Stray-Peder-
sen and Lorentzen-Styr, 1980; Konishi and Taka-
hashi, 1987; Arias et al., 1996; Bobic et al., 1998;
Flegr et al., 1998), while many find a positive
relationship (Clarke et al., 1975; Frenkel and
Ruiz, 1980, 1981; Barbier et al., 1983; Martinez
Sanchez et al., 1991; Ahmed, 1992; MacKnight
and Robinson, 1992; Etheredge and Frenkel,
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1995; del Castillo and Herruzo, 1998; Rey and
Ramalho, 1999). It must be remembered that pre-
venting exposure to cats is not the same as pre-
venting exposure to Toxoplasma gondii oocysts.
One study indicated that exposure to dogs was
more of a risk factor than exposure to cats
(Frenkel et al., 1995). If dogs are fed sporulated
Toxoplasma gondii oocysts, many will pass out in
the dogs feces and remain infectious (Lindsay et
al., 1997b), and it has been suggested that dogs
consume cat feces or roll in cat feces and thereby
increase human contact with Toxoplasma gondii
oocysts when they return home (Frenkel and
Parker, 1996). Pregnant women or immunocom-
promised individuals should not change the cat’s
litter box. If feces are removed daily this will also
help prevent exposure by removing oocysts
before they can sporulate. Oocysts can survive in
the soil for years and can be disseminated from
the original site of deposition by erosion, other
mechanical means, and phoretic vectors. Inhala-
tion of oocysts stirred up in the dust by horses has
been associated with an outbreak of human toxo-
plasmosis at a riding stable (Teutsch et al., 1979).
Oocysts are not likely to remain in the air for
extended periods of time. Washing fruits and veg-
etables and wearing gloves while gardening are
means of preventing exposure to oocysts. Oocysts
are killed by exposure to 0.25 kGy gamma irradi-
ation, and this is a potential means of killing
oocysts on contaminated fruit and vegetables
(Dubey et al., 1996).

Toxoplasma gondii oocysts were not isolated
from the fur of oocyst-excreting cats (Dubey,
1995). Therefore, it is unlikely that infection can
be obtained by petting a cat. Tachyzoites are not
likely to be present in the oral cavity of cats with
active Toxoplasma gondii infection, and none
would be in a chronic infection; therefore, it is
unlikely that a cat bite would transmit Zoxo-
plasma gondii infection. Cat scratches are also
unlikely to transmit Toxoplasma gondii infection.

Important Aspects of Human Maternal Toxo-
plasmosis. Pregnant women and immunocom-
promised patients should follow the prevention
guidelines in Table 1.7. Immunocompetent
women with Toxoplasma gondii antibody titers
prior to becoming pregnant are considered
immune and will not transmit the parasite to the

fetus if exposed during pregnancy. It is important
for a pregnant woman to know her titer because
it can serve as a baseline if exposure is suspected
during pregnancy. About 60 percent of women
infected with Toxoplasma gondii during preg-
nancy will transmit the infection to the fetus. The
age at which the fetus becomes infected deter-
mines the severity of subsequent disease. Few
cases of fetal infection occur when the mother is
infected during weeks 1 to 10; however, severe
disease occurs in the infants that do become
infected (Remington et al., 1995). Pregnant
women are at greatest risk of delivering a
severely infected infant if infected during weeks
10 to 24 of gestation (Remington et al., 1995). If
Toxoplasma gondii infection of the mother
occurs at weeks 26 to 40, there is a low risk of
delivery of a severely infected infant, but most
infants will be infected and have mild symptoms
(Remington et al., 1995).
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Unclassified Toxoplasma
gondii-Like Organism

Etymology

This organism has not been named.

History

This parasite was first reported in the early 1990s
(Dubey et al., 1992; Dubey and Carpenter, 1993;
Dubey and Fenner, 1993). It closely resembles
Toxoplasma gondii, but the tissue cysts of this
organism are about twice as large as those of Tox-
oplasma gondii (Figs. 1.20-1.22).

Geographic Distribution
and Prevalence

Dubey and Carpenter (1993) found this organism
in 3 of 103 cats examined in a retrospective study
of feline toxoplasmosis. The subjects had been
examined at necropsy at the Angell Memorial Ani-
mal Hospital, Boston, Massachusetts, between
1952 to 1991.
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Fig. 1.20. Toxoplasma-like organism. Brain of a cat
with a large cyst of this Toxoplasma-like organism.
(Photo courtesy of Dr. Dave Peters)
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Fig. 1.21. Toxoplasma-like organism. Higher-power
view of the cyst containing many bradyzoites.
(Photo courtesy of Dr. Dave Peters)

Clinical Presentation
and Pathogenesis

Infected cats have ranged in age from 3 to 17 years.
Clinical signs attributable to parasitism have been
associated with only one of six cats reported to have
been infected with this organism (Dubey and Fen-
ner, 1993). The cat was 3 years old and was pre-
sented for lameness. Neurologic and ophthalmo-
logic abnormalities were present on physical
examination. The neurologic examination indicated
lesions in the spinal cord at C~T,. A complete
necropsy was done, and gross and microscopic
lesions were confined to the spinal cord. Grossly, a
focal translucent grayish area 1 x 0.3 cm extended
laterally between cervical nerve roots C, and C,. In
addition, the spinal cord widened unilaterally from
C, to C,. Microscopic lesions consisted of focal
granulomatous myelitis involving both gray and

Fig. 1.22. Toxoplasma-like organisms. Electron
micrograph of the Toxoplasma-like organism
showing the many micronemes and rhoptries
present in this organism. (Photo courtesy of Dr.
Dave Peters)

white matter and focal nonsuppurative meningitis
including radiculoneuritis. Numerous protozoal tis-
sue cysts were associated with the lesions.

Three of the other 5 infected cats have had con-
current lymphoid disorders and may have been suf-
fering from varying degrees of immunosuppression.
The association of this parasite and the immune
status of the host needs to be better defined.

Diagnosis

A tentative diagnosis can be made on the large
size of the tissue cysts. Transmission electron
microscopy is needed to confirm the diagnosis.
Bradyzoites of the unclassified organism have
numerous micronemes that are arranged in rows,
while micronemes in bradyzoites of Toxoplasma
gondii are fewer in number and arranged ran-
domly (Dubey et al., 1992; Dubey and Fenner,
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1993). Infected cats may be Toxoplasma gondii
antibody positive, and tissue cysts may react
weakly with anti—Toxoplasma gondii serum in
immunohistochemical tests.
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Hammondia hammondi
Frenkel 1974

Etymology

Hammondia after Dr. Datus M. Hammond and
hammondi after Dr. D. M. Hammond.

Synonyms

Toxoplasma hammondi (Frenkel, 1974) Levine
1977; Isospora hammondi (Frenkel and Dubey,
1975) Tadros and Laarman, 1976. Hammondia
hammondi was also referred to as the CR-4 strain
of Toxoplasma gondii isolated by Frenkel and
Dubey (1975a, 1975b) and the WC1170 parasite
of Wallace (1973).

History

The oocysts of this parasite are structurally indis-
tinguishable from those of Toxoplasma gondii. In
1971, Drs. Frenkel and Dubey isolated oocysts
that were structurally similar to Toxoplasma
gondii from a feral cat from Iowa. Dr. Wallace
(1973) also isolated a similar parasite from the
feces of a feral cat from Hawaii. Inoculation of
mice with these oocysts produced large tissue
cysts in skeletal muscles and very few tissue cysts
in the brain. Both groups of researchers demon-
strated that the life cycle of the parasite is het-
eroxenous. Dr. Frenkel first erected the genus
Hammondia and used the name Hammondia ham-
mondi in a review article on tissue cyst—forming
coccidia (Frenkel, 1974). He and Dr. Dubey later
fully described the life cycle of the parasite

(Frenkel and Dubey, 1975a, 1975b). Because he
published the name first (Frenkel, 1974), he is
technically the author of the original name Ham-
mondia hammondi (not he and Dr. Dubey as is fre-
quently cited).

Geographic Distribution

Fig. 1.23.

Probably worldwide. Hammondia hammondi has
been found in Iowa and Hawaii in the United
States (Frenkel and Dubey, 1975a, 1975b; Wal-
lace, 1975), Germany (Rommel and Seyerl, 1975),
Australia (Mason, 1978), and Japan (Shimura and
Ito, 1986).

Prevalence

The prevalence of infection in cats is low. Wallace
(1975) found Hammondia hammondi in 3 of 1,604
cats in Hawaii. Christie et al. (1977) examined the
feces from 1,000 cats in Columbus, Ohio, for
Hammondia hammondi. Nine cats were shedding
oocysts that were the correct size and shape for
either Hammondia hammondi or Toxoplasma
gondii. Two of these proved to be Hammondia
hammondi, and 7 were Toxoplasma gondii follow-
ing mouse inoculation. Another isolate of Ham-
mondia hammondi was obtained from a pooled
sample from 175 cats by mouse inoculation.

Parasite Identification

Oocysts of Hammondia hammondi are excreted
unsporulated in the feces. The oocysts are col-
orless and subspherical to spherical and mea-
sure 10.5-12.5 by 11.2-13.2 pm (mean, 10.6 by
11.4 um). Sporulated oocysts contain two ellip-
soid sporocysts each with four sporozoites.
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Sporocysts measure 6—7.5 by 8—10.7 um (mean,
6.5 by 9.8 um), lack a Stieda body, and contain a
sporocyst residuum composed of dispersed or
compact granules. The sporozoites are elongate
and curved within the sporocyst and have a crys-
talloid body. Sporulation occurs in 2 to 3 days at
room temperature (22 to 26°C).

The similarity in oocyst size and structure
between Toxoplasma gondii and Hammondia
hammondi makes diagnosis based on oocyst
structure alone impossible. Animal inoculation is
needed for a definitive diagnosis to be obtained.
Identification of Hammondia hammondi in tis-
sues is also difficult. The tachyzoites of Toxo-
plasma gondii and Hammondia hammondi are
indistinguishable from each other. The tissue
cysts of Hammondia hammondi resemble those
of Toxoplasma gondii and can be confused with
sarcocysts of some thin-walled Sarcocystis
species (Mehlhorn and Frenkel, 1980).

Life Cycle

Cats are the only know feline definitive hosts.
However, other felids may be suitable definitive
hosts. The life cycle is obligatorily heteroxenous.
Two types of schizonts are found in a cat’s small
intestine 4 and 5 days after tissue cysts are
ingested. The sexual stages first appear 5 days
after infection. The prepatent period is 5 to 6 days,
and the patent period is 12 to 28 days. Inoculation
of cats with Hammondia hammondi oocysts does
not lead to oocyst excretion or to latent infections
in their tissues.

Natural intermediate hosts include rats (Rattus
rattus and Rattus norvegicus), goats (Capra hir-
cus), and roe deer (Capreolus capreolus). Experi-
mental intermediate hosts include white mice,
deer mice, long-tailed field mice, yellow-necked
field mice, rats, multimammate rats, guinea pigs,
hamsters, bank voles, European voles, field voles,
dogs, goats, sheep, monkeys, and pigs (Dubey,
1993). Chickens cannot be infected with Ham-
mondia hammondi (Dubey and Steitel, 1976).
When an intermediate host ingests oocysts of
Hammondia hammondi, the oocysts excyst in the
intestine and liberate the sporozoites. The sporo-
zoites penetrate the intestinal mucosa and multiply
by endodyogeny in the lamina propria, submucosa
and muscularis, Peyer’s patches, and mesenteric
lymph nodes for about 11 days. Tissue cysts are

present in the muscles of mice by 11 days. The
tissue cysts are initially small but can be over
300 wm in length in about a month. The tissue
cysts remain viable for 1.3 years and probably
longer. Tissue cysts are not infective for interme-
diate hosts. Congenital transmission of Hammon-
dia hammondi does not occur in mice (Dubey and
Steitel, 1976) or cats (Dubey, 1977).

Pathogenicity

Hammondia hammondi does not cause disease in
cats. Mice inoculated with 10° to 10° oocysts may
suffer from up to 30 percent mortality. Lesions
are present in the intestinal tracts of these mice
and are due to multiplication of tachyzoites. A
transient myositis may be present in the skeletal
muscles of infected mice.

Immunity

Immunity to Hammondia hammondi in cats is
less stable than immunity to Toxoplasma gondii.
About 50 percent of cats will re-excrete oocysts
when challenged (Dubey, 1975). Some cats will
spontaneously re-excrete small numbers of
oocysts in the absence of reinfection. Immuno-
suppression of cats does not affect the course of a
primary Hammondia hammondi infection in cats
but does cause cats to re-excrete oocysts. Infec-
tion with Hammondia hammondi does not make
cats immune to infection with Toxoplasma
gondii. Cats that have recovered from a Ham-
mondia hammondi infection do not develop anti-
bodies to Toxoplasma gondii.

In contrast to cats, intermediate hosts that are
inoculated with oocysts develop antibodies that
cross-react with Toxoplasma gondii. This cross-
reactive immunity is also protective against chal-
lenge with pathogenic strains of Toxoplasma gondii
(Christie and Dubey, 1977; Dubey, 1978, 1981,
Munday and Dubey, 1988). Hammondia ham-
mondi immune serum from mice recognizes all the
major surface antigens of Toxoplasma gondii
except the 21.5 kD antigen (Araujo et al., 1984).
A monoclonal antibody to the immunodominant
p30 antigen of Toxoplasma gondii also reacts with
tachyzoites of Hammondia hammondi (Riahi et al.,
1998). Immunization of hamsters with Hammondia
hammondi affords minimal protection against chal-
lenge with Besnoitia jellisoni (Dubey, 1978).
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Hazards to Humans

Hammondia hammondi infection was attempted
in four species of nonhuman primates (Saguinus
nigricollis, Macaca fascicularis, Macaca mulatta,
and Cercocebus atys) (Dubey and Wong, 1978).
None of the monkeys developed clinical signs of
disease, and Hammondia hammondi was isolated
from only Saguinus nigricollis. Tt is possible that
humans could serve as intermediate hosts. No
recorded cases of human infection exist.
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Hammondia pardalis
Hendricks, Ernst, Courtney,
and Speer, 1979

Etymology

Hammondia after Dr. D.M. Hammond and
pardalis for the species name of the ocelot, Felis
pardalis.

Synonyms

Toxoplasma pardalis (Hendricks, Ernst, Court-
ney, and Speer, 1979) Levine and Ivens, 1981.
Oocysts of this species closely resemble those of
Isospora felis and misidentification is possible.

History

This coccidium was first described in 1979 from
the feces of an ocelot housed at the Air Force Sur-
vival School Zoo, Albrook Air Force Station,
Panama Canal Zone (Hendricks et al., 1979). It
has recently been isolated from domestic cats fed
heart, skeletal muscles, and uterus tissues from
cattle that had aborted (Abbitt et al., 1993), but
this was probably a case of misinterpretation of an
underlying Hammondia pardalis infection in the
cats fed cattle tissue. The causative organism of
the abortion in cattle, Neospora caninum, is now
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known to be heteroxenous, with dogs serving as
the source of a Toxoplasma gondii—sized oocyst.

Geographic Distribution
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Panama Canal Zone, Panama; the Cockscomb
Basin of Belize, Central America; and northeast-
ern Mexico (Hendricks et al., 1979; Patton et al.,
1986; Abbitt et al., 1993).

Location in Host

Feline Definitive Hosts. The number of asex-
ual stages (if any) and location of developmental
sexual stages within the feline definitive host are
not known. However, it is likely that they occur
within the enterocytes of the intestinal tract.

Intermediate Hosts. Asexual stages are present
in the mesenteric lymph nodes, lungs, and intes-
tinal mucosa of experimentally inoculated mice.

Parasite Identification

Oocysts are ovoid and measure 36-46 by 25-35
wm (mean, 40.8 by 28.5 um). A micropyle is pres-
ent at the small end of the oocyst, while a suture
line is present in the larger end of the oocyst. A
small granule is often attached to the inner portion
of the oocyst wall. Sporulated oocysts contain two
ellipsoid sporocysts each with four sporozoites.
Sporocysts measure 19-25 by 14-19 um (mean,
22.2 by 16.4 um), lack a Stieda body, and contain
a sporocyst residuum composed of a single refrac-
tile globule or several small globules. The sporo-
zoites lie lengthwise within the sporocyst and
have no refractile bodies.

The presence of a micropyle and suture line in
the oocyst wall differentiates the oocysts of Ham-
mondia pardalis from Isospora felis, which is
similar in size but lacks these structures in its
oocyst wall. The large size of Hammondia
pardalis oocysts differentiates Hammondia
pardalis from Hammondia hammondi, Isospora
rivolta, Toxoplasma gondii, and Besnoitia
species, all of which have smaller oocysts.

Identification of Hammondia pardalis stages in
intermediate hosts is difficult. The original
description of these stages was not comprehen-
sive enough to allow for the identification of
clear-cut diagnostic features. Groups of mero-
zoites were present in the alveolar septa, mesen-
teric lymph nodes, and lymphoid tissue in the
colon. Individual merozoites measured 6 by 3 um.

Life Cycle

The type host is the ocelot, Felis pardalis. Other
natural hosts are the jaguar (Panthera onca) and
the puma (Felis concolor) (Patton et al., 1986).
Experimental definitive hosts are the domestic cat,
Felis catus and the jaguarundi, Felis yagouaroundi.
Raccoons, Procyon lotor, are not suitable definitive
hosts (Hendricks et al., 1979). The life cycle is
obligatorily heteroxenous, meaning that there must
be one host containing one set of stages, the sexual
stages, and one host containing another set of
stages, the asexual stages. Cattle are natural inter-
mediate hosts, and mice are experimental interme-
diate hosts. Tissue-feeding studies indicate that
infectious stages are present in the heart, skeletal
muscles, and uterus of infected cows.

No life cycle stages have been identified in the
cat. The prepatent period was 6 to 7 days in seven
domestic cats, two ocelots, and a jaguarundi
fed infective mice, and the patent period was 5 to
13 days (Hendricks et al., 1979). Sporulation
occurs at room temperature within 7 days; how-
ever, no properly conducted studies have been
done on this, and it is likely that sporogony is
completed within 2 to 3 days. Sporulated oocysts
do not produce patent infections in recipient cats.
It is not known if tissues from cats fed oocysts
contain stages that induce oocyst excretion in
other cats. The parasite cannot be passed from
mouse to mouse by the inoculation of infected
tissues.
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Clinical Presentation and Pathogenesis

Clinical signs of infection in cats have not been
reported. Oocyst-induced infections in mice
can cause clinical disease and death (Hendricks
et al., 1979).

Treatment

There has been no attempt to stop the shedding of
Hammondia pardalis oocysts by infected cats. It
is possible that the shedding of oocysts might be
prevented by the treatment of cats with sulfon-
amides or the other products used for feline coc-
cidiosis (Table 1.4).

Epizootiology

Cats are not commonly infected with this parasite.

Hazards to Other Animals

None known.

Hazards to Humans

It is possible that humans could serve as interme-
diate hosts. No recorded cases of human infection
exist.
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Sarcocystis Species
Introduction and Importance

All Sarcocystis species have an obligatory hetero-
xenous life cycle. Cats are important as definitive
hosts for at least 11 named species (Table 1.8) and
are the intermediate host for one species. Sarco-
cystis (Sarco = muscle, cystis = cyst) was first
observed in 1843 by F. Miescher in a house
mouse (Dubey et al., 1989). The muscles of the
mouse contained “milky white threads,” which
came to be known as Miescher’s tubules. Later a
species was found in the pig and named
Synchytrium miescherianum by Kiihn in 1865 and
changed to Sarcocystis miescheriana by Labbé in
1899. Therefore the correct type species is Sarco-
cystis miescheriana (Kiihn, 1865) Labbé 1899. It
was not until the early 1970s that the two-host life
cycle was described (Fayer, 1972; Rommel and
Heydorn, 1972; Rommel et al., 1972).

Sarcocystis Species Life Cycle

The Sarcocystis life cycle is obligatorily a two-
host cycle. The intermediate host becomes
infected by ingestion of sporocysts from the envi-
ronment. The sporozoites excyst from the sporo-
cysts in the intestinal tract. The sporozoites leave
the intestinal tract and undergo first-generation
merogony in endothelial cells of arteries usually
in mesenteric lymph nodes (Dubey et al., 1989).
A second generation of merogony occurs in cap-
illaries or small arteries in many tissues through-
out the body. The meronts are usually most
numerous in glomeruli of the kidneys. The mero-
zoites from the last generation are released into
the circulation and can occasionally be found

Table 1.8—Names and intermediate hosts of Sarcocystis species transmitted by cats

Species of Sarcocystis

Intermediate host

. cuniculi

. cymruensis

fusiformis

. gigantea (syn. S. ovifelis)
. hirsuta (syn. S. bovifelis)
leporum

medusiformis

. moulei (syn. S. caprifelis)
muris

odoi

S. porcifelis

nunnh Lhunnnn

European rabbit (Oryctolagus cuniculus)

Norway rat (Rattus norvegicus)

Water buffalo (Bubalus bubalis)

Sheep (Ovis aries)

Cow (Bos taurus)

Cottontail rabbit (Sylvilagus floridanus,
Sylvilagus nuttalli, Sylvilagus pallistris)

Sheep (Ovis aries)

Goat (Capra hircus)

House mouse (Mus musculus)

White-tailed deer (Odocoileus virginianus)

Pig (Sus scrofa)
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intracellularly in unidentified mononuclear cells
(Dubey et al., 1989). Limited multiplication may
occur at this stage of infection. Eventually these
merozoites will penetrate cells and develop into
the sarcocyst stage that contains bradyzoites. The
first- and second-generation meronts develop
directly in the host cell cytoplasm, whereas the
bradyzoites develop within a parasitophorous
vacuole.

The developing sarcocyst contains a stage
called a metrocyte that divides by endodyogeny
to produce the bradyzoites. A mature sarcocyst
can contain thousands of bradyzoites and be
grossly visible. The presence of grossly visible
sarcocysts of Sarcocystis gigantea in sheep and
Sarcocystis hirsuta in cattle is a cause for con-
demnation of the carcass (Dubey et al., 1986;
Dubey et al., 1990).

Feline Sarcocystis Infections

Cats are definitive hosts for about 11 species of
Sarcocystis (Table 1.8) and intermediate hosts for
one named species, Sarcocystis felis.

Sarcocystis felis Dubey,
Hamir, Kirkpatrick, Todd,
and Rupprecht, 1992

Etymology

Sarco (muscle) cystis (cyst) and felis (cat).

History

Sarcocysts of a Sarcocystis species have been
found in a number of felids including domestic
cats (Kirkpatrick et al., 1986; Everitt et al., 1987,
Fiori and Lowndes, 1988; Hill et al., 1988;
Edwards et al., 1988) and wild felids (Kluge,
1967; Greiner et al., 1989; Anderson et al., 1992;
Dubey et al., 1992; Dubey and Bwangamoi,
1994). The ultrastructural features of sarcocysts
from different feline hosts are indistinguishable,
and Dubey et al. (1992) gave the name Sarcocys-
tis felis to the parasite.

Hosts

The type host is the bobcat (Felis rufus). Other
hosts include domestic cats (Felis domesticus),
leopards (Panthera pardus), Florida bobcats

(Felis rufus floridanus), Florida panthers (Felis
concolor coryi), cougars (Felis concolor stan-
leyana), cheetahs (Acinonyx jubatus), and lions
(Felis leo).

Geographic Distribution

Fig. 1.25.

Geographic distribution is probably worldwide.
Most current reports have been from domestic
and wild felids in the United States. The preva-
lence in domestic cats is unknown. It is appar-
ently common in wild felids. It has been found in
four of four cougars (Greiner et al., 1989), 11 of
14 panthers (Greiner et al., 1989), four of six bob-
cats (Dubey et al., 1992), and 30 of 60 Florida
bobcats (Anderson et al., 1992). Additionally, it
was found in 7 of 10 cheetahs from a captive
breeding colony in Oregon (Briggs et al., 1993).
The same or a similar parasite has been observed
in two lions and a leopard from zoos in India
(Bhatavedkar and Purohit, 1963; Somvanshi
et al., 1987). Dubey and Bwangamoi (1994)
described the parasite from a 7-year-old lioness
from the Nairobi National Park in Kenya.

Parasite Identification

Tentative identification is based on observing the
sarcocysts in muscle tissue. In muscle squash
preparations, sarcocysts are up to 1 cm in length
(Greiner et al., 1989). In tissue sections, sarco-
cysts can approach 2,000 um, are septate, and
have regularly spaced, finger-like projections
from the tissue cyst wall. No inflammatory
response is associated with the tissue cysts
(Greiner et al., 1989; Briggs et al., 1993). Defini-
tive identification of Sarcocystis felis is based on
observation of the ultrastructural features of the



36 / FELINE CLINICAL PARASITOLOGY

tissue cyst wall (Dubey et al., 1992). The para-
sitophorous vacuole membrane (PVM) of the pri-
mary cyst wall is folded into hobnail-like bumps
and villar projections that are 0.6—1.2 um long by
0.3-0.4 um wide at uneven distances. The villi

Fig. 1.26. Sarcocystis species. Sporulated sporocyst
as it appears when passed in the feces.

lack microtubules. The PVM, including villi and
hobnail bumps, is lined by a 66 nm electron dense
thick layer. Ground substance is 0.7-1.0 pm thick
and is composed of amorphous material and a few
electron dense granules. Septa are 0.1-0.2 um
thick. Bradyzoites are 7.0-10 by 1.5-2 um and
contain micronemes that are confined to the ante-
rior third of the bradyzoite (Fig. 1.26).

Life Cycle

Sarcocysts are the only life cycle stage that has
been observed (Figs. 1.27 and 1.28). Sarcocysts
have been observed in heart, tongue, masseter,
esophagus, diaphragm, and biceps femoris. Pre-
cystic stages probably occur in vascular endothe-
lial cells. The definitive host is not known.

Clinical Presentation
and Pathogenesis

Clinical signs of infection in cats have not been
reported.

Fig. 1.27. Sarcocystis felis. Sarcocyst in section of skeletal muscles from an African lioness. Note villar
projections on the cyst wall, septa, and bradyzoites. H&E stain. (Dubey and Bwangamoi, 1994) (Reprinted
with permission, J Helminthol Soc Wash Comp Parasitol, 1994, Vol 61, No 1)
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Fig. 1.28. Sarcocystis gigantea. Sarcocysts in
laryngeal area of a naturally infected ewe. (Dubey
et al., 1986)

Treatment

Sarcocystis felis infection does not cause clinical
disease in cats, and no treatment is needed.
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Feline Sarcocystis-Associated
Meningoencephalomyelitis

A single case of central nervous system infection
of a cat with a Sarcocystis species has been
reported. A 13-week-old Burmese kitten had clin-
ical signs of depression and lethargy and cried as
if in pain. Physical examination revealed that the
kitten was depressed and afebrile and had left-
sided hemiparesis. The third eyelids of both eyes
were prolapsed. The kitten was euthanized and
examined at necropsy. No gross lesions were
present. Microscopic lesions were confined to the
brain and spinal cord. The cerebral cortex and
caudate nucleus were the areas of the brain most
severely affected. Multifocal areas of intense
inflammation associated with necrosis, wide-
spread edema, and gemistocytic astrocytosis in
the underlying subcortical white matter were
present. Lesions in the spinal cord and medulla
oblongata consisted of prominent perivascular
cuffs of lymphocytes, plasma cells, and mononu-
clear cells in the gray and white matter, with mild
inflammatory cell infiltrates in the neurophil.
Most Sarcocystis stages were seen in the spinal
cord and consisted of meronts and merozoites in
neurons and in unidentified cells in the neurophil.
The diagnosis was confirmed by immunohisto-
chemical examination and positive reactivity with
rabbit anti-Sarcocystis serum.
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Cats as Experimental Final
Hosts of Sarcocystis neurona

Sarcocystis neurona Dubey, Davis, Speer, Bow-
man, de Lahunta, Gransrom, Topper, Hamir,
Cummings, and Suter, 1991, is the agent causing
equine protozoal myeloencephalitis in horses
throughout the Americas (Divers et al., 2000).
Horses develop schizont stages in brain tissue and
associated neurologic disease but do not develop
muscle cysts typical of Sarcocystis species. It has
been known for some time that the opossum was
the likely source of the sporocysts that infect
horses (Fenger et al., 1997), but the intermediate
host was not known. It was postulated that the
intermediate host was a bird and that the parasite
in horses was related to Sarcocystis falcatula,
which uses avian hosts for the production of the
muscle cyst stages. Opossums were thought to
become infected with the intestinal stages of the
parasite through the ingestion of the avian inter-
mediate hosts.

Recently, it has been shown that cats can serve
experimentally as suitable hosts for the develop-
ment of the muscle stages of this parasite (Dubey
et al,, 2000). Cats were fed sporocysts from
the feces of a naturally infected opossum. About
5 months after infection, it was found at necropsy
that the cats had mature cysts in their muscles.
When these cysts were fed to an opossum, the
opossum had sporocysts present in its intestinal
mucosa at necropsy 2 weeks later. The cysts pres-
ent in the muscles of the cat differ from those of
Sarcocystis felis in the structure of the cyst wall
(JP Dubey, personal communication).

It is unlikely that cats are the natural source of
the infective material for opossums because cats
only rarely appear to have the muscle stages of
Sarcocystis species in their tissues. Thus, the
natural intermediate host is still not known, but it
is now expected to be a mammalian species of
some sort.
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Besnoitia Species
Introduction and Importance

The life cycle is heteroxenous. Cats are important
as definitive hosts for this genus. Clinical disease
is not associated with feline infections. Horses,
domestic and wild ruminants, opossums, rodents,
and lizards are natural intermediate hosts. Large,
often grossly visible, tissues cysts are found in
connective tissue cells in intermediate hosts.
Severe disease has been reported in ruminants and
horses. Fibrocystis Hadwen, 1922, is a synonym
of the genus, and several authors have incorrectly
referred to the genus as Globidium, which is a
synonym for the genus Eimeria or Sarcocystis,
which is a separate valid genus. Besnoitia besnoiti
(Marotel, 1912) Henery, 1913, is the type species
of this genus. Besnoitia species have a heteroxe-
nous life cycle, and there are six named species
(Dubey, 1993). Cats are the definitive host for two
species and excrete Toxoplasma-like oocysts in
their feces. One report (Peteshev et al., 1974)
implicated cats as definitive hosts for Besnoitia
besnoitia, but no other studies have been able to
confirm these findings (Dubey, 1993).
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Besnoitia darlingi (Brumpt,
1913) Mandour, 1965

Etymology

Besnoitia (for Dr. C. Besnoit) darling (for Dr.
S. T. Darling)

Synonyms
Sarcocystis darlingi Brumpt, 1913; B. panamen-

sis Schneider, 1965; Besnoitia sauriana Gar-
nham, 1966.

Geographic Distribution
and Prevalence

Fig. 1.29.

The prevalence of this parasite in cats is
unknown. It has been described from naturally
infected opossums (Didelphis virginiana and
Didelphis marsupialis) in North and South Amer-
ica and from naturally infected lizards (basilisk
lizards Basiliscus basliscus and Basiliscus vitta-
tus and the borriguero lizard Ameiva ameiva
praesignis) from South America. Only cyclic
transmission between opossums and cats has
been documented (Smith and Frenkel, 1977,
1984). Infection is apparently common in opos-
sums in North America, ranging from 10 to
60 percent (Conti-Diaz et al., 1970; Flatt et al.
1971; Smith and Frenkel, 1977).

Parasite Identification

Oocysts measure 11.8-12.8 by 10.2-12.8 pm
(mean, 12.3 by 11.9 um). No micropyle or polar

granule is present. Two elliptical sporocysts are
present. Sporocysts measure 6.2—8.9 by 4.8-6.2 um
(mean, 7.9 by 5.4 um) and do not contain Stieda
bodies. Four sporozoites are present in each sporo-
cyst and they measure approximately 5 by 2 um.

Life Cycle

Oocysts are excreted by cats fed tissue cysts
but not oocysts (Smith and Frenkel, 1984). The
prepatent period is 9 to 14 days (mean, 11.5 days),
and the patent period is 3 to 13 days (mean,
8 days). Oocysts are excreted unsporulated in
the feces. Unsporulated oocysts sporulate in 2 to
3 days at room temperature (Smith and Frenkel,
1977). The location and structure of developmen-
tal stages in the cat intestine is not known. Extrain-
testinal development apparently does not occur
in cats (Smith and Frenkel, 1984). Cats become
immune to challenge infection but do not usually
develop high antibody titers. Cats fed oocysts do
not excrete oocysts, do not develop extraintestinal
infections, do not develop measurable antibody
titers, and do not become immune to challenge
with tissue cysts (Smith and Frenkel, 1984).

It is not known if the organism named
Besnoitia darlingi in reptiles and Besnoitia dar-
lingi in opossums is the same species. Experi-
mentally mice and hamsters can serve as interme-
diate hosts for Besnoitia darlingi isolated from
opossums and cats. The tissue cysts are grossly
visible and are characteristic for the genera.

Clinical Presentation
and Pathogenesis

Clinical signs of infection in cats have not been
reported.

Treatment

Besnoitia darlingi infection does not cause clini-
cal disease in cats, and no treatment is needed.
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Besnoitia wallacei (Tadros and
Laarman, 1976) Dubey, 1977

Etymology

Besnoitia (for Dr. C. Besnoit) wallacei (for Dr. G.
Wallace).

Synonyms

Isospora wallacei Tadros and Laarman, 1976.

Geographic Distribution
and Prevalence
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The prevalence of this parasite in cats is
unknown. It has been reported from naturally
infected cats from Oahu, Hawaii (Wallace and
Frenkel, 1975), Palmerston North, New Zealand,
and Kenya (Ng’ang’a et al., 1994). It has also
been isolated from a cat fed naturally infected rats
(Rattus rattus, Rattus norvegicus) collected near
Launceston in Australia (Mason, 1980).

Parasite Identification

Oocysts measure 16—19 by 10-13 by um (mean, 17
by 12 um). No micropyle or polar granule is pres-

ent. Two elliptical sporocysts are present. Sporo-
cysts measure 11 by 7-8 um (mean, 11 by 8 um)
and do not contain Stieda bodies. Four sporozoites
are present in each sporocyst, and they measure
approximately 2 by 10 pum.

Life Cycle

Only tissue cysts containing bradyzoites are
infectious for cats (Wallace and Frenkel, 1975).
The prepatent period is 12 to 15 days, and the
patent period is 5 to 12 days. Only one asexual
generation has been described, and it occurs in
the lamina propria of the small intestine (Frenkel,
1977). The meronts measure between 500 and
800 um and are found 4 to 13 days after infection.
Some meronts can be found in extraintestinal tis-
sues. Sexual stages are in goblet cells in the small
intestinal epithelium. Macrogamonts are 16 to
13 um, and microgamonts are about 11 pm. Tis-
sue cysts do not form in the tissues of cats.

Grossly visible tissue cysts, up to 200 pm in
diameter, are present in the tissues of mice 30 to
36 days after they are fed oocysts. The tissue cyst
wall is up to 30 um thick and contains numerous
hypertrophic host cell nuclei.

Clinical Presentation
and Pathogenesis

Clinical signs of infection in cats have not been
reported.

Treatment

Besnoitia wallacei infection does not cause clini-
cal disease in cats, and no treatment is needed.
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Haemogregarines—
Hepatozoon Miller, 1908

A genus of apicomplexan parasites, Hepatozoon is
occasionally found in cats. In this group of para-
sites, depending on the species involved, the
gamonts are found within red or white blood cells
of the vertebrate host; in the cat, the gamonts are
found within the white blood cells. Sporogony and
merogony occur within the body of the vector, a
tick. Cats become infected by the ingestion of the
infected tick rather than through the bite of the tick.

Hepatozoon felis Patton, 1908
Etymology

Hepato (liver) + zoon (animal) and felis for cat.

Synonyms

Haemogregarin felis-domesticae Patton, 1908;
Hepatozoon felisdomesticae (Patton, 1908) Wenyon,
1926; Leucocytozoon felis-domestici (Patton,
1908) Patton, 1908. Some consider this a synonym
of Hepatozoon canis (James, 1905) Wenyon, 1926.

History

This parasite was first described in the blood of
domestic cats in India in 1908 by Patton. Since
that time, there have been few other reports of
Hepatozoon in cats. Schizonts were first reported
in capillaries of cats in 1973 (Klopfer et al., 1973).

Geographic Distribution
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Fig. 1.31.

Patton (1908) observed Hepatozoon felis in cats
in India. In Nigeria, Hepatozoon was reported
from the blood of a cat that was part of a survey
between 1966 and 1976 (Leeflang and Ile-
mobade, 1977). In Israel, stages of Hepatozoon
have been observed at necropsy in the hearts of
30 percent of 50 cats that had been submitted for
rabies examination (Klopfer et al., 1973) and in
42 percent of stray cats that were used for labo-
ratory demonstrations (Nobel et al., 1974).
Hepatozoon was seen in the liver of a cat that had
originated from Hawaii (Ewing, 1977). The only
other report has been from South Africa (van
Amstel, 1979).

Location in Host

The circulating gamonts have been found in poly-
morphonuclear lymphocytes. In the cat, the only
site in which schizont stages have been observed
are in capillaries of the myocardium; however, it
would be expected that other tissues would also
be involved.

Parasite Identification

In the circulating neutrophils, the gamonts are
elongate bodies with rounded ends, about 5 um
by 10 um in size. There is a central compact
nucleus that stains a dark red with Giemsa stain.
The cytoplasm stains a light blue.

Within histological sections of the myocardium,
the schizonts that have been described are of two
types (Klopfer et al., 1973). In one type, the sch-
izont appeared to be filled with individual mero-
zoites. In the other type, the schizonts appeared to
contain developing merozoites located around the
periphery.

Life Cycle

The life cycle of Hepatozoon felis has been con-
sidered to be the same as that of Hepatozoon
canis, which some actually consider the same par-
asite. Dogs can be infected by being fed a brown
dog tick, Rhipicephalus sanguineus, that has
previously been given a blood meal on a dog with
circulating gametocytes (Nordgren and Craig,
1984). In the dog, two types of schizonts are
formed that have been termed “microschizonts”
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and “macroschizonts.” There has been no work on
the vectors that may be involved in the transmis-
sion of this parasite between cats, and there has
been very little examination of the development of
different stages found within the cat.

Clinical Presentation and Pathogenesis

Clinical disease is rare, with schizonts being
found in tissues of domestic cats at necropsy
more frequently than clinical disease occurs. Pro-
gressive weight loss; ulcerative glossitis with
hypersalivation; intermittent anorexia and
pyrexia; progressive, nonresponsive anemia; and
serous nasalocular discharge have been reported
in one cat. Lymphadenopathy and icterus have
also been reported. A progressive monocyte count
with an increasing number of -circulating
monoblasts in peripheral blood resulting in a mis-
diagnosis of monocytic leukemia was made in
one cat. The necrospy revealed the presence of
Hepatozoon felis in the liver. A careful search of
blood smears, bone marrow, and sections of other
tissues failed to reveal any other organisms.

Treatment

There is a lack of effective treatment. Treatments
tried in dogs have included oxytetracycline, chlo-
ramphenicol, sulfadimethoxine, diminazene ace-
turate, and dimidocarb dipropionate. The cat in
South Africa treated by Van Amstel (1979)
responded to treatment with oxytetracycline (50
mg/kg, BID, for 7 days) along with a single treat-
ment of primaquine (2 mg per os 2 days after the
initiation of oxytetracycline treatment).

Epizootiology

It is possible that the species in the cat actually
represents infections with other species of Hepa-
tozoon, such as Hepatozoon canis of the dog,
Hepatozoon procyonis, which is common in rac-
coons (Procyon lotor) in the southern United
States and in Central America, and Hepatozoon
species of the bobcat (Lynx rufus), which is also
common in the southern United States.

Hazards to Other Animals

Probably none, unless the cat also introduces the
tick vector into the establishment. It might then
be possible for the pathogen to be transmitted
between animals in a boarding facility.

Hazards to Humans

None known.

Control/Prevention

Infection requires that the cat ingest an infected
tick; therefore, it is important that the infestation
of the cat with the tick be prevented. Unfortu-
nately, the brown dog tick, Rhipicephalus san-
guineus, will quite readily establish itself within a
household. Thus, it may be necessary to hire
exterminators to remove the tick if it has been
introduced.
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The Piroplasms: Cytauxzoon
Neitz and Thomas, 1948,
and Babesia Starcovici, 1893

Two genera of the phylum Apicomplexa, Cytaux-
zoon and Babesia, are included within a group
called the piroplasms. These organisms when
within the red blood cell appear very similar to
malaria parasites. Individual piroplasms possess
many of the typical elements of the apical com-
plex that identify the Apicomplexa as such. The
piroplasms are similar to the other apicomplexan
protozoa in that there is fusion of gametes. The
gametes of the piroplasms, however, cannot be
morphologically distinguished from each other;
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Fig. 1.32. Babesia canis trophozoite in a canine red
blood cell. (Preparation supplied by Dr. P Conrad,
College of Veterinary Medicine, University of
California-Davis.) Giemsa stain.

Fig. 1.33. Babesia canis schizont in a canine red
blood cell. (Preparation supplied by Dr. P Conrad,
College of Veterinary Medicine, University of
California-Davis.) Giemsa stain.

that is, there is no distinguishable macrogamete
and microgamete, and thus, they are termed isog-
amous. For the life cycles that are known, the
gametes form within the stomach of the tick vec-
tor, and sporozoites that are ultimately produced
from the union are found in the salivary glands of
the tick. The genus Babesia was originally named
for various blood parasites of large animals (Star-
covici, 1893). Babesia species are also important
parasites of dogs (Figs. 1.32 and 1.33). Theileria
is a genus of piroplasm parasites that causes dis-
ease in African ungulates and other animals
(Fig. 1.34); in the genus Theileria, schizogony

L

Fig. 1.34. Theileria parva in bovine red blood cells.
Giemsa stain.

also occurs in white blood cells. The genus
Cytauxzoon was originally named for similar
blood parasites originally found in an African
antelope (Neitz and Thomas, 1948). The schizonts
of Cytauxzoon species occur in macrophages.
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Cytauxzoon felis Kier, 1979
Etymology

Kytos (cell) + auxe (an increase) + zoon (animal)
and felis (cat).

Synonyms
Theileria felis (Kier, Wagner and Morehouse,
1982) Levine, 1982.

History

This parasite was first observed in African ungu-
lates and described as a genus distinct from Theile-
ria based on the fact that schizogony in Cytauxzoon
occurred in histiocytes, while schizogony in Theile-
ria occurs in lymphocytes. The parasite was first
reported as a parasite of the domestic cat by Wag-
ner in 1976. In 1979, Kier described in her doctoral
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dissertation the parasite observed in the cat as a new
species, Cytauxzoon felis. In 1985, Levine consid-
ered Cytauxzoon synonymous with the genus Thei-
leria and transferred the name “felis” to this genus.
If one accepts the differentiation of Cytauxzoon and
Theileria on the basis that schizogony occurs in
histiocytes in the former and lymphocytes in the lat-
ter, then the name would be Cytauxzoon felis. It is
possible that a species of Babesia observed in a
blood smear from an American bobcat (Lynx rufus)
by Wenyon and Hamerton in 1930 was Cytaux-
zoon, but it was not recognized as such.

Geographic Distribution

Fig. 1.35.

Most of the cases of cytauxzoonosis have been
reported from the south central and southeastern
United States (Motzel and Wagner, 1990). There
is a single case of cytauxzoonosis-like disease
reported from Zimbabwe (Foggin and Roberts,
1982), but it is difficult to ascertain the validity of
this claim on the basis of the published material.

Location in Host

Merozoites can be found in erythrocytes; typical
parasitemias are 1 to 4 percent of the red blood
cells. Due to the fulminant course of disease in
the cat, it is more typical to observe the large
schizonts in the walls of the venous system in
histopathologic sections. Schizonts may also be
observed in bone-marrow aspirates.

Parasite Identification

In the erythrocytes, the merozoites are character-
ized by their small size. There is typically a sin-
gle organism per red blood cell, but occasionally

Fig. 1.36. Cytauxzoon felis schizonts in an H&E-
stained section of the lung of a cat that died after
being inoculated with the blood of a Florida
panther. Schizonts can be observed lining the blood
vessels in this section of lung.

Fig. 1.37. Cytauxzoon felis schizonts in an H&E-
stained section of the lung of a cat that died after
being inoculated with the blood of a Florida
panther. In this higher-power image of another
blood vessel in the lung shown in Fig 1.36, the
schizonts can be observed to be occluding the
lumen of the blood vessel.

two to four organisms may be present. The ultra-
structural morphology of the intraerythrocytic
form was described by Simpson et al. (1985a).

Schizonts may be found in veinules of the lung,
liver, spleen, bone marrow, kidney, and brain
(Figs. 1.36 and 1.37). The developing schizonts
cause an enlargement of the infected cell, which
may reach 75 um in diameter. The ultrastructure
of the schizont has been described (Simpson et
al., 1985b). The morphology of schizonts within
bone-marrow aspirates is much like those
observed in histopathologic sections. Again, the
cells become very large and contain large num-
bers of developing organisms.
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Cytauxzoon felis has been shown to be antigeni-
cally distinct from Babesia felis using an indirect
fluorescent antibody test (Uilenberg et al., 1987).

Life Cycle

The life cycle has been poorly described, and
basically, descriptions have been developed using
parallels with what is known concerning the
related genus Theileria. In the blood of the felid,
merozoites circulate within the red blood cells. (It
is believed that gametogony may not occur until
after the red blood cells are in the stomach of the
tick.) Within the tick’s stomach, it is presumed
that the gametocytes undergo development and
sexual fusion and ultimately produce sporozoites
within the salivary glands of the tick. Once inoc-
ulated into the cat, it is not known where the
sporozoites first take up residence; however,
within a few days, schizonts are found within his-
tiocytes of veins and veinules of various organs,
including the liver, lungs, spleen, lymph nodes,
brain, and kidneys. Within 6 to 8 days after inoc-
ulation, merozoites can be found in the peripheral
blood (Franks et al., 1988). It is not known how
long after the appearance of organisms in the
blood that infectivity for the tick vector develops.

Clinical Presentation
and Pathogenesis

Usually, by the time the cat is presented, it is
severely ill. Signs include anemia and depression
that may be accompanied by high fever, dehydra-
tion, icterus, splenomegaly, and hepatomegaly.
Packed cell volumes decrease markedly by 6 days
after infection, but the anemia is regenerative
(Franks et al., 1988). Plasma appears icteric on the
last day or two of life. The platelet count is
decreased, but prothrombin or activated partial
thromboplastin times are normal. Although there
are no significant changes in total leucocyte counts
or absolute neutrophil, monocyte, or basophil
counts, lymphocyte and eosinophil counts are
decreased markedly within 8 days after infection.
Bone-marrow aspirates often contain large
mononuclear cells containing schizonts. Almost all
cats die within 9 to 15 days after infection. The
percentage of red blood cells containing organisms
is typically between 1 and 4 percent, although
25 percent of red blood cells may be infected.

Inoculation of cats with blood from bobcats
containing the merozoite stage will produce per-
sistent parasitemias in red blood cells without
inducing cytauxzoonosis (Kier et al., 1982a;
Blouin et al., 1984). It is believed this is due to the
stage being passed being the stage that is
restricted to the blood cells and that passage
through the tick vector is required to produce the
schizogonous stages that can typically be induced
by the inoculation of splenic tissue.

Recently, cats have been identified that have
survived natural infections with Cytauxzoon felis
(Meinkoth et al., 2000). These authors described
18 cats from northwestern Arkansas and north-
eastern Oklahoma. Most of the cats had clinical
signs, although four were without signs. Only one
of the infected cats had received treatment with
an antiprotozoal, and four of the surviving cats
received no treatment. The authors postulated that
they may have been dealing with a less virulent
strain of this parasite.

Treatment

Attempts have been made to treat experimentally
induced cytauxzoonosis with parvaquone (Clexon:)
and buparvaquone (Butalex-); both drugs have been
shown to be successful in treating theileriosis in
cattle. In the regimen employed, the disease still
proved fatal. Over a 24-hour period, a cat that pre-
sented with a 2-day history of lethargy and
anorexia became seriously icteric and had dark
brown urine (Walker and Cowell, 1995). The cat
was treated with a 10-day course of enrofloxacin
followed by a 5-day course of tetracycline. Organ-
isms were present in the cat after the 10-day course
of enrofloxacin but were not present in blood
samples collected 6 and 15 weeks after discharge.
It is not known why this cat survived; enrofloxacin
is not known to be effective against protozoa.
Most success in treatment has been achieved
with diminizine and imidocarb. One very ill cat
responded rapidly to treatment with intravenous
fluids, enrofloxacin and diminizine aceturate, and
heparin for prevention of disseminated intravascu-
lar clotting. Diminizine (2 mg/kg IM) was repeated
weekly for two more treatments. Imidocarb dipro-
pionate (5 mg/kg IM, twice, 2 weeks apart) has
been found to produce a 50 percent cure rate
(Greene et al., 1999).
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Epizootiology
The life cycle appears to involve the bobcat, Lynx
rufus, as the mammalian reservoir of infection
(Glenn et al., 1982) and ticks, including Derma-
centor variabilis, as vectors (Blouin et al., 1984).
The domestic cat apparently enters the life cycle
typically when it is bitten by an infected tick.
After the cat is bitten by an infected tick, it will
usually die of the infection in 2 weeks.
Cytauxzoon felis has also been found to be
present in the blood of the Florida panther (Felis
concolor coryi). From the infected panther, it was
transmitted to a domestic cat in the buffy coat of
a blood sample, and in the cat, it induced fatal dis-
ease (Butt et al., 1991). Cytauxzoon-like organ-
isms have been observed in the erythrocytes of
two cheetahs (Acinonyx jubatus) that were born
and raised in the United States, in Oregon, and
which had spent 2 months being trained to hunt in
Namibia, Africa, as part of a release program
(Zinkl et al., 1981). Inoculation of a cat with
blood from one of these cheetahs produced no
signs of disease or demonstrable parasitemia.

Hazards to Other Animals

The fatal disease typically induced in the cat pre-
vents it from being an important reservoir of
infection. A wide range of mammalian hosts have
been inoculated with Cytauxzoon felis without the
induction of parasitemias (Kier et al., 1982b),
with sheep being the only host that appear to
develop a persistent, but low, level of circulating
organisms.

Hazards to Humans

Cytauxzoon felis is not known to infect humans
although transmission to primates using stages
from ticks have not been tried.

Control/Prevention

The only form of control is to prevent cats that
share the same geographical distribution as the
bobcat from being bitten by ticks. The inoculation
of a cat with stages grown in tissue culture
appeared to induce an immunity (Ferris, 1979),
and thus, it may be possible to someday prevent
the disease in cats by vaccination.
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Babesia felis Davis, 1929

Etymology
Babesia for Dr. Babes and felis (cat).

Synonyms

Babesiella felis (Davis, 1929) Carpano, 1934;
Nuttallia felis (Davis, 1929) Krylov, 1974; Nut-
tallia felis var. domestica Jackson and Dunning,
1937; Nicollia felis (Davis, 1929) Krylov, 1981.

History

Babesia felis was first described as a parasite of
the domestic cat by Jackson and Dunning in
1937; these authors gave it the name Nuttallia (a
synonym of Babesia) felis of the variety domes-
tica. The variety designation was to separate it on
the basis of its pathogenicity from a previously
described, but morphologically indistinguishable,
Babesia felis described by Davis in 1929 from a
Sudanese wild cat (Felis ochreata) that was not
pathogenic when inoculated into domestic cats.

Geographic Distribution
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Reports of feline babesiosis due to Babesia felis
are restricted almost exclusively to Zimbabwe
and South Africa (Futter and Belonje, 1980a).
The original isolate from a Sudanese wild cat was
established experimentally in domestic cats
(Davis, 1929).

Location in Host

The only cells in the body parasitized by mero-
zoites of Babesia species are the red blood cells.

Parasite Identification

The merozoites of Babesia felis that occur within
the red cell are small, faintly blue-staining organ-
isms that have a dense chromatin granule. Many
forms have a large central vacuole that gives them
the appearance of being ring shaped. Single organ-
isms measure less than 1 to 2.5 um in diameter.
Division of the organisms produces pairs and
cross-shaped tetrads of organisms. The ultrastruc-
ture of Babesia felis was described by Dennig and
Hebel (1969).

Life Cycle

The life cycle of Babesia felis has not been eluci-
dated, but it is believed that ixodid ticks serve as
the biological vector of the parasite. In 1937, Dr.
McNeil reported that he reared larval and
nymphal ticks from an adult female Haema-
physalis leachi that was removed from a cat with
babesiosis. Neither the eggs nor the nymphs that
developed transmitted the disease to cats upon
which they were fed. The bottle containing the
imago ticks was then broken, and the ticks
escaped, and Dr. McNeil without evidence or
proof was convinced that they were the source of
babesiosis that developed in his own household
cat. There have been no other studies on the trans-
mission of feline babesiosis.

If, as suspected, the life cycle utilizes ixodid
ticks that have fed on cats, sporozoites will
develop within the salivary glands of the tick.
Within the tick there is the possibility that the dif-
ferent stages—Ilarvae, nymphs, and adults—may
differ in their ability to transmit the infections,
and further work is needed to clarify this in the
case of Babesia felis.
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Once in a cat, the merozoites infect blood cells,
dividing and multiplying to form stages infecting
new blood cells. In cats that have been inoculated
with blood from other cats, parasites are evident
within the peripheral blood within 1 to 2 days
after inoculation (Futter and Belonje, 1980b). It is
not known how long after the appearance of
organisms in the blood that infectivity for the tick
vector might develop.

Clinical Presentation and Pathogenesis

Cats are typically admitted that have a history of
inappetence and lethargy and are weak or mori-
bund. Mucous membranes may be pale, and tachy-
cardia and tachypnea (perhaps dyspnea) consistent
with profound anemia may be noted. Icterus is sel-
dom seen, and fever does not seem to typically
accompany the disease (Futter and Belonje,
1980b). In experimentally infected animals, ane-
mia is most severe about 3 weeks after inoculation,
and there are significantly lowered hematocrits,
hemoglobin levels, and erythrocyte numbers (Fut-
ter et al., 1980). Erythrocytes tend to be macrocytic
and hypochromic. There are no significant changes
in total leukocyte counts initially. In most cases
liver function, renal function, and venous blood pH
will remain normal (Futter et al., 1981). Without
treatment, cats are very likely to die of severe ane-
mia. Of 70 naturally infected cats, 50 recovered,
7 died, 7 were euthanatized (3 were strays, 1 for
chronic respiratory disease, 1 for aplastic anemia,
and 2 for unstated reasons), and 6 were lost to fol-
low-up (Futter and Belonje, 1980b).

Treatment

Treatment with primaquine phosphate will often
lead to a rapid and successful recovery. In cases
of severe anemia and prostration, it may be nec-
essary to also give a blood transfusion followed
by primaquine therapy. However, the current
effective dose (0.5mg/kg, IM, once) is very close
to the lethal dose in cats (1 mg/kg).

Epizootiology

It would appear that Babesia felis is a parasite of
the cat. There may have been some initial African
source of this parasite, but the parasite now seems
mainly to affect its domestic host.

Hazards to Other Animals

Specimens of Babesia considered to be Babesia
felis by some workers (Dennig and Brocklesby,
1972) have been found in the blood of a puma,
Felix concolor, that had been housed in a zoo in
Egypt (Carpano, 1934) and in a blood smear from
an Indian leopard, Panthera pardus fusca (Shortt,
1940). As stated above, Babesia felis was first
noted in the blood of a Sudanese wild cat (Felis
ocreata). It would appear that there has been little
spread of this parasite between cats and wildlife.

Hazards to Humans

Although humans have been infected with species
of Babesia, these have been felt to be mainly of
bovine and murine types. None have been consid-
ered as being due to Babesia felis.

Control/Prevention

The disease can be controlled by preventing tick
infestations and by treatment of cats that have cir-
culating stages in their bloodstream.
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Babesia cati Mudaliar,
Achary, and Alwar, 1950

Etymology

Babesia for Dr. Babes and cati (cat).

Synonyms
None.
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This parasite was described from a domestic
cat in India at the Madras Veterinary College
(Mudaliar, Achary, Alwar, 1950). Previously, a
similar parasite had been noted in blood cells of a
domestic cat necropsied in northern India (Man-
grulkar, 1937). Babesia cati, like Babesia felis, is
a small form of Babesia. Babesia cati is believed
to differ from Babesia felis in that no cross-
shaped dividing forms indicative of quaternary
division within the red blood cell have been
noted.
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Babesia herpailuri Dennig,
1967

Etymology

Babesia for Dr. Babes and herpailuri (genus of
the jaguarundi).

Synonyms
None.
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This parasite was originally reported from a
South American jaguarundi, Felis yagouaroundi
(syn. Herpailurus jaguarundi), and shown capa-
ble of persisting in domestic cats after inoculation
of blood from the infected jagurundi (Dennig,
1967, 1969). A similar organism was seen again
in the blood of a domestic cat with anemia in
South Africa (Stewart et al., 1980). Babesia her-
pailuri represents a large form of Babesia that is
differentiated from Babesia felis and Babesia cati
by its larger size. Like Babesia cati, Babesia her-
pailuri does not form cruciform shapes typical of
quaternary division within the red blood cell.
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SARCOMASTIGOPHORA

The Sarcomastigophora (the flagellates) represent
protozoa that have one to several large flagella.
They are often grouped for the purposes of medi-
cine on the basis of where they are found, and
thus, two groups are considered: the mucosofla-
gellates and the flagellates of blood and tissues.
The mucosoflagellates are not a “natural” group-
ing but rather a useful collection of parasites that
live in the digestive and reproductive tracts. The
blood and tissue flagellates make up a group of
“related” parasites (i.e., trypanosomes and leish-
manial organisms) that have morphologically sim-
ilar stages as part of their life cycle.

Mucosoflagellates

There are three mucosoflagellate parasites of the
cat, Tetratrichomonas felistomae, Pentatri-
chomonas hominis, and Giardia felis. Two of these
parasites, Tetratrichomonas felistomae and Penta-
trichomonas hominis, are quite similar morpholog-
ically and live in the mouth and the cecum/colon,
respectively. The other mucosoflagellate, Giardia
felis, is a parasite of the small intestine of the cat
and is quite different morphologically and behav-
iorally from the trichomonads in that it has two
nuclei in the trophozoite stage and produces a
resistant cyst stage. The trichomonads have only a
single nucleus and no resistant stage as part of their
biology.

Tetratrichomonas felistomae
(Hegner and Ratcliffe, 1927)
Honigberg, 1978

Etymology

Tetra (four) + tricho (hair) + monas (body) and
felis (cat) + stomae (mouth).

Synonyms
Trichomonas felistomae Hegner and Ratcliffe, 1927.

History

Tetratrichomonas felistomae was first described
as a trichomonad from the mouths of cats by
Hegner and Ratcliffe (1927a). Later that same

year, they also described the species from the
mouths of dogs, Trichomonas canistomae (Heg-
ner and Ratcliffe, 1927b); thus, if the species in
the dog and the cat are the same, the name for that
from the cat has priority. The genus Tetratri-
chomonas was established by Honigberg in 1978
for those species of Trichomonas that have four
anterior flagella and a trailing free flagellum.
Recent work by Gothe et al. (1992) revealed that
trichomonads recovered from the mouths of cats
in Germany do not have a free flagellum, and it
may be that this is either a different species or that
the original description was in error.

Geographic Distribution

There is very little information on the presence of
this parasite in the mouths of cats. It has been
reported from the mouths of 2 of 28 cats in the
United States (Hegner and Ratcliffe, 1927a) and
from 21 of 110 cats from Germany and Italy
(Gothe et al., 1992).

Location in Host
In the mouth, typically along the gum line.

Parasite Identification

These trophozoites have a length of about 6 to
11 um and a width of about 3 to 4 um. There is a
marked axostyle that runs the length of the body
from the base of the flagellum that appears to pro-
trude from the posterior end. Along one side of
the body is an undulating membrane that has
about three undulations along its length. The orig-
inal description contains a long free flagellum
that is about equal in length to the portion making
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up the undulating membrane. Also described is a
rather dense costa that runs along the cell under
the site of attachment of the undulating mem-
brane. The organism described by Gothe et al.
had no free flagellum at the end of the undulating
membrane. The lack of the free flagellum led
these authors to postulate that this was actually a
member of the genus Trichomonas.

Life Cycle

Trichomonads display a jerky, rapid, and erratic
swimming behavior caused by the movement of
the flagella. There is no cyst stage in the life
cycle, and this parasite is transmitted from cat to
cat by direct contact.

Clinical Presentation and Pathogenesis

Gothe et al. (1992) found trichomonads only in
the mouths of cats that were FIV, FelLlV, or FIP
(feline infectious peritonitis virus) positive. Typi-
cally, the organisms were found only in cats that
had gingivitis and that had one of these viral
infections. Cats that had stomatitis due to other
causes and cats that were clinically normal were
not found to harbor these parasites.

Treatment

Treatment has not been tried, but it is expected
that improved oral hygiene will reduce the possi-
bility that trichomonads are present within the
mouth of cats.

Epizootiology
This parasite is transmitted from cat to cat by oral
contact. It appears to be more prevalent in cats
that have underlying viral infections that predis-
pose to stomatitis.

Hazards to Other Animals

It is not well understood whether this parasite is
transmissible to other animals.

Hazards to Humans

It is not well understood whether this parasite is
transmissible to human beings.
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Pentatrichomonas hominis
(Davaine, 1860) Wenrich, 1931

Trichomonads have been described from the large
intestine of cats (Wenrich, 1944). The species in
the intestine of the cat is not the same as that
found in the mouth of the cat and other animals.
The parasite from the intestine of the cat has been
considered a separate species by some authors
(Brumpt, 1925; Cunha and Muniz, 1922); how-
ever, others have felt that it is the same species
found in humans and other animals, such as the
dog. The organism in the feces of humans has
been shown capable of infecting cats that are
orally inoculated with trophozoites (Kessel, 1926;
Hegner and Eskridge, 1935). Reports of tri-
chomoniasis from cats have been reported from
the United States (Jordan, 1956; Hegner and
Eskridge, 1935; Hitchcock, 1953; Visco et al.,
1978), Europe (Brumpt, 1925; Simic, 1932; Wag-
ner and Hees, 1935), South America (Cunha and
Muniz, 1922), and China (Kessel, 1926, 1928).

kl

Fig. 1.42.

It does not appear that this organism causes dis-
ease in the cat; rather it is a commensal that is
found in feces of cats with diarrhea due to other
causes. On the other hand, Romatowski (2000)
described pentatrichomoniasis in four Kkittens.
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One cat had severe colitis that did not respond to
treatment, and the trichomonads appeared in the
feces after the diarrhea. A second cat had loose
feces that persisted for several months after the
trichomonads disappeared from the feces, but
fecal consistency was normal as long as the cat
received treatment with enrofloxacin. A third cat
responded well to treatment with metronidazole.
The fourth cat was euthanatized without treat-
ment. All these cats were quite young, varying in
age from 2 to 4 months at the time of presenta-
tion. Previously, Romatowski (1996) had pre-
sented a series of cases in three kittens. In another
recent study, Gookin et al. (1999) examined the
effect of pentatrichomoniasis in a large number of
cases. These authors found most of the infections
were in cats that were less than or equal to a year
of age at the time of diagnosis. The feces of
affected cats were typically malodorous and pasty
to semiformed and were found to often contain
fresh blood and mucus. Defecation was associ-
ated with flatulence and tenesmus. The soft stools
tended to persist from days to years, but typically
lasted about 5 months.

There does not seem to be a specific treatment
that is highly efficacious for the removal of these
protozoa from the colon of infected cats. Roma-
towski (2000) used both metronidazole and
enroflaxacin and suggested that the long-term
daily administration of enrofloxacin was a means
of suppressing the soft stools associated with this
infection. Gookin et al. reported that they tried
paromomycin, fenbendazole, and furazolidone
and in all cases had mixed success. The stools
would often improve in consistency; however, the
organisms often appeared to be present at low lev-
els since they could be detected by protozoal cul-
ture of the feces even in stools that had normal
consistency. Gookin et al. also reported that many
of the cats they saw came to the hospital after
having been treated by the referring veterinarians
with a wide assortment of compounds: metron-
idazole, fenbendazole, albendazole, pyrantel
pamoate, sulfadimethoxine, trimethoprim-sulfa-
diazine, furazolidone, tylosin, enrofloxacin,
amoxicillin, clindamycin, and erythromycin.

The question still remains as to whether or not
the organism is the cause of the associated diarrhea
or another manifestation of some underlying prob-
lem. As stated by Romatowski: Diarrhea in cats

infected with P. hominis can be difficult to treat,
and disappearance of trophozoites from fecal
smears does not necessarily correlate with
improvement in clinical signs. Gookin et al. sug-
gested that P hominis may be a cofactor in the
development of diarrhea in young kittens. The pos-
sibility still remains that there is some other cause
of the underlying diarrhea and that the presence of
a different microbiological flora in the colon when
large quantities of fluid material are present is such
that P. hominis multiplies in number. Arguing
against this was the inability of Gookin et al. to
establish cultures of organisms from normal feces
of 100 random-source cats, while they did isolate it
from the normal feces of cats that had been treated
with fenbendazole and furazolidone.
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Fig. 1.43. Pentatrichomonas hominis trophozoite in
human feces. The organism was fixed then stained
with iron hematoxylin and photographed using
phase microscopy. The large nucleus of the
trophozoite and the undulating membrane can be
seen in this photomicrograph.

Giardia felis Hegner, 1925

Etymology

Giardia for Dr. Giard (1846-1908) and felis for
the feline host.

Synonyms
Giardia lamblia Stiles, 1915; Giardia duodenalis
(Daviane, 1875); Giardia cati Deschiens, 1925.

History

The organism was discovered by Leeuwenhoek in
his own stools. The parasite was first described by
Lambl, who gave it the name infestinalis. Stiles
(1915) created a new binomial for this species, Gia-
rdia lamblia, due to some confusion as to whether
intestinalis was actually available as a name for this
parasite. In 1925, Hegner described Giardia felis
from domestic cats in the United States, while
Deschiens (1925) described Giardia cati from cats
in France. In 1952 Filice examined specimens of
many different species of rodent Giardia and
decided that there were two species in mammals,
Giardia duodenalis (Daviane, 1875), originally
described from rabbits, and Giardia muris (Grassi,
1879), from mice. If one accepts the belief of Filice
that most mammals are infected with different man-

ifestations of Giardia duodenalis, then this name
has precedence. If there are different species of
Giardia present in different mammalian hosts, then
Giardia felis Hegner, 1925, would be the binomial
used to describe the species typically found in the
cat, and Giardia canis Hegner, 1922, would be the
binomial used to describe the species typically
found in the dog. The species found in humans
would be called Giardia lamblia Stiles, 1915. In
this scenario, the name Giardia duodenalis would
be restricted to only those isolates from rabbits. In
light of the numerous new works indicating molec-
ular distinctions between different isolates of para-
sites, it would seem that the trend is once again
leaning towards assigning different names to the
species appearing in different hosts.

Strains, Phenotypes, and Genotypes. There
has been a significant effort, using various meth-
ods, to show that there are potentially different
groups of Giardia. Giardia isolates from humans,
cattle, dogs, sheep, cats, and guinea pigs have
been compared using isozymes (Andrews et al.,
1989, 1998; Bertram et al., 1983; Meloni et al.,
1988, 1995; Stranden et al., 1990). Overall, this
work appears to be somewhat contradictory, with
some groups finding a good deal of heterogeneity
between isolates, while other groups seem to find
the different isolates to be very similar to each
other. It would appear, however, that the two
major types that are found in humans also are
occasionally found in dogs and cats, and some
work has suggested that cats are a major source.
Other work has found that the canine form is
sometimes difficult to obtain in culture and that
dogs may be hosts to both of the major types
found in humans, as well as a third form in West-
ern Australia that might be restricted to canine
hosts (Monis et al., 1998). Using restriction
endonuclease analysis of DNA from 15 Giardia
isolates from humans, beaver, a cat, and a guinea
pig, it was found that the isolates fell into two
groups (Nash et al., 1985). The cat and one of the
two beaver isolates were similar to the pattern
produced by most of the human isolates, but the
guinea pig and the other beaver isolates differed
from the majority of the human isolates as did
some of the other human isolates. Using DNA
polymorphisms has not cleared up the continuing
separation between groups although it appears
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that groups I and II appear to hold the majority of
the genotypes so far examined (Ey et al., 1996;
Morgan et al., 1993). The infection of Western
Australian dogs with certain isotypes that appear
to be restricted to canine hosts was supported also
by examination of the ribosomal RNA sequenc-
ing of these genotypes (Hopkins et al., 1997).

Geographic Distribution

Fig. 1.44.

Giardia felis is found in cats throughout the
world. Infections with Giardia are not uncom-
mon in cats in the United States (Kirkpatrick,
1986). Hitchcock (1953) found Giardia in
57 percent of 14 cats in Michigan; Bemrick
(1961) found Giardia in 3 percent of stools from
291 cats in Minnesota. Surveys have reported
infections in 14 percent of 226 cats in Australia
(Swan and Thompson, 1986) and 6.7 percent of
120 cats in New Zealand (Tonks et al., 1991). In
Europe, cats have been identified as hosts of
Giardia on numerous occasions: 5.2 percent of
94 cats in Switzerland (Seiler et al., 1983),
35 percent of 20 cats in the United Kingdom
(Winsland et al., 1989), 10.8 percent of 500 cats
in Belgium (Vanparijs and Thienpoint, 1973),
2.3 percent of 910 cats in Germany (Bauer and
Stoye, 1984), 5.6 percent of 90 cats in Italy
(Carneri and Catellino, 1963), 1.2 percent of cats
in Czechoslovakia (Kucharova, 1989), and 4 per-
cent of cats in Turkey (Burgu et al., 1985). In
Iran, 7.2 percent of 97 cats have been identified
as infected with Giardia (Anwar, 1974). In
Chile, 2 percent of 50 cats were found infected
(Franjola and Matzner, 1982).

Location in Host

Hitchcock and Malewitz (1956) stated that they
found trophozoites of Giardia throughout the small
intestine below the duodenum and in the cecum
and large intestine. Kirkpatrick and Farrell (1984)
reported that the trophozoites were concentrated in
the lower portions of the jejunum, whereas lower
numbers were observed in the upper portions of the
jejunum and in the ileum; these authors did not
find trophozoites in the large intestine. It has been
shown (Tsuchiya, 1931) that the location of Giar-
dia trophozoites within the intestinal tract of the
dog is affected by diet, with diets rich in carbohy-
drates causing the majority of trophozoites to be
found nearer the stomach while they were more
posterior in animals fed a diet high in protein; also
fewer organisms were present in the intestines of
animals fed the high-protein diet.

Parasite Identification

Within cats, Giardia occurs as a binucleate, flag-
ellate trophozoite (Figs. 1.45 and 1.46). The
trophozoite is small (10.5 to 17.5 pm long by 5.25
to 8.75 pym in maximum width), and has eight
trailing flagella. The two nuclei are just posterior
to midbody; these large nuclei are about 3 um
long and 1.5 ym wide. The ventral surface of the
trophozoite bears a sucking disc that occupies
about one-third to one-half of the anterior surface.
The trailing flagella both propel the organism and
create a vacuum for the sucking disc by pumping
fluid out from under it. The trophozoite moves
along the surface of the intestinal epithelium.

The cyst stage is found in the large bowel as the
trophozoite prepares to enter the external envi-
ronment (Fig. 1.47). Cysts are about 7.4 um wide
and 10.5 um long and have a length-to-width ratio
of about 1.4. In response to an undefined stimu-
lus, trophozoites produce the resistant cyst wall as
they pass from the small to the large intestine.
The trophozoite then divides, resulting in two
trophozoites within the mature cyst. The cyst
stage is passed in the feces.

If a cat has diarrhea and an accompanying infec-
tion with Giardia, a confirmatory diagnosis will
often require that a direct saline examination of a
small quantity of fresh feces be performed. This will
allow the identification of the trophozoite stage.
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Fig. 1.45. Giardia lamblia trophozoite in human
feces. This trophozoite was fixed then stained with
iron hematoxylin and photographed using phase
microscopy.

Fig. 1.46. Giardia lamblia trophozoite in culture. This
living organism is being viewed from the bottom
where it is attached to a glass coverslip in culture
medium. The view gives a very clear image of the
sucking disk and the trailing flagella.

Fig. 1.47. Giardia canis cyst in the fresh feces of a
dog photographed using phase microscopy.

Examination of diarrheic feces for cysts is often
inconclusive because only trophozoites are found in
stools of this type. In human medicine, fixed fecal
smears are often prepared and stained with iron
hematoxylin or by using a trichrome staining
method for the examination of protozoa. The major
reason for the examination of fixed smears of
human feces is the many kinds of protozoa that must
be differentiated. Few fecal protozoans are present
in cats, and it is typically not necessary to perform
such procedures. Fixed fecal samples do have the
advantage, however, of producing a permanent slide
that can be examined at a later date.

Another method now used routinely is the
detection of Giardia in fecal smears using fluo-
rescein-conjugated antibodies to Giardia and sub-
sequent examination under a fluorescence micro-
scope. This method increases the likelihood of
finding the trophozoites and cysts because they
will fluoresce when examined, but the equipment
is costly, and other procedures are still required to
concentrate the organisms in many samples.

A method that eliminates some of these prob-
lems is the detection of Giardia antigens within
fecal samples. Antigen detection tests developed
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for use with human feces are capable of detecting
infections in diarrheic fecal samples in which,
due to the degeneration of nonviable trophozoites,
there may be no detectable organisms. Such tests
work by detecting antigens of the Giardia organ-
ism that are shed in the feces (Barr et al., 1992).
These tests, such as ProSpecT/Giardia™ (a prod-
uct of Alexon, Inc., Mountain View, Calif.), have
not yet been approved for use in cats, but there are
indications that they are likely to work very well.
Cats should not be examined for giardiasis using
the duodenal aspirate method used for dogs
because the organisms may live farther posteriad
in the intestine of the cat than they do in the dog.
Cysts can usually be detected by using a cen-
trifugal flotation procedure. The zinc-sulfate
method is preferred. Because cyst excretion has
been shown to be sporadic (Kirkpatrick and Far-
rell, 1984), it may be best to examine the samples
by both flotation and antigen detection. Cysts can
be observed in sugar flotations of fecal matter, but
the cysts will rapidly collapse. Collapsed cysts
look like small crescent moons rather than the
ovoid forms that are observed in direct smears or
zinc-sulfate preparations soon after they are made.
Antigen detection assays will also detect cysts.

Life Cycle

The cyst is passed in the feces of the host and
infects a new host by direct fecal-oral contamina-
tion. Cysts may also be transmitted through con-
taminated drinking water to another host. When a
host ingests a cyst, the trophozoites leave the cyst
within the small intestine and take up residence on
the intestinal mucosa. They divide repeatedly until
they have populated the intestine of the new host
with trophozoites. Some trophozoites periodically
are carried in the fecal stream towards the anus,
encysting on the way. Within five to 16 days after
a cat has ingested a cyst, the cat is capable of
excreting thousands of cysts into the environment.

Clinical Presentation
and Pathogenesis

Cats can and do develop clinical signs from infec-
tions with Giardia felis. The typical sign is diar-
rhea (Barr and Bowman, 1994). Cats may
undergo weight loss, and kittens may fail to gain
weight. Cats with signs of diarrhea will usually be

observed to maintain normal appetites and clini-
cal values. Cats infected with Giardia will typi-
cally not undergo periods of vomiting. The diar-
rhea that is observed tends to be due to problems
with malabsorption and steatorrhea, and for this
reason, the feces tend to be soft and pale in color
and to have increased levels of neutral fats. It has
been shown in experimentally infected lambs that
infection with Giardia lamblia was associated
with decreased weight gain and feed efficiency
when compared with uninfected controls (Olson
et al., 1995).

Treatment

Several formulations of benzimidazoles have
activity against Giardia infections (Barr and
Bowman, 1994). Albendazole cleared 18 of 20
dogs that had all been shedding cysts at the begin-
ning of therapy. A similar treatment (25 mg/kg
body weight orally twice daily for 2 days) did not
work. However, increasing the number of treat-
ments (25 mg/kg body weight twice daily for 5
days) successfully cleared five dogs of the cysts
they were shedding in their feces. This compound
is currently not approved for use in cats or dogs,
although it is used as an anthelminthic in cattle.
Further, albendazole has been associated with
bone marrow aplasia in one dog when used to
treat Giardia infection (Stokol et al., 1997). Fen-
bendazole has been shown to stop beagles from
shedding cysts in their feces at the dosage rou-
tinely applied for anthelminthic therapy (50
mg/kg body weight orally once a day for 3 days)
(Barr et al., 1994). This compound is a routinely
used and approved anthelminthic in dogs, but it is
not approved for use in cats. Fenbendazole has
been administered to cats as an anthelminthic
without any apparent detrimental effects (Rober-
son and Burke, 1980). Febantel is approved for
use in cats but has not been examined for its effi-
cacy against Giardia in this species, although a
compound containing febantel has been found to
be effective in treating giardiasis in dogs (Barr
etal., 1998.)

Drugs used to treat Giardia infections in cats
have included quinacrine, metronidazole, and
furazolidone (Kirkpatrick, 1986). Quinacrine was
given orally for 12 days (2.3 mg/kg body weight
once a day) to five cats, but four continued to pass
cysts. Oral metronidazole at 10 or 25 mg/kg body
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weight given twice a day for 5 days was noted to
cure cats of their infections with Giardia. Fura-
zolidone given orally at 4 mg/kg body weight
twice a day has also been shown to be effective.

Epizootiology

Cats are probably infected from the ingestion of
the cyst in direct fecal-oral transmission or
through contaminated water or fomites. The
trophozoite stage passed in diarrheic feces is not
considered infectious.

Due to improved sanitation, humans are no
longer routinely becoming infected during child-
hood with constant reinfection as adults, and it
has been suggested that one reason that Giardia is
now considered a cause of diarrhea in humans
when it was once thought to be a commensal is
that, in the past, the immune status of humans was
enhanced by constant re-exposure (Beaver et al.,
1984). It would seem that as cats are prevented
access to cysts through improved hygiene, they,
like humans, will assume a greater risk of devel-
oping disease assignable to Giardia if they
become infected.

Hazards to Other Animals

Giardia from cats has been transmitted experi-
mentally to gerbils (Swabby et al., 1988). It is not
known to what extent cross transmission to other
animals will occur, but precautions need to be
taken when animals of different species are
housed in the same facilities.

Hazards to Humans

It is still unclear as to the relationship between
infections in cats and in associated humans. It has
been reported that cats and humans have been
found to harbor genetically identical forms of Gia-
rdia and has been suggested that the cat is a likely
reservoir of human infection (Thompson et al.,
1988). A study in the United Kingdom of the
potential of zoonotic transmission of Giardia from
pets to their owners showed that cats and dogs, but
especially feral dogs, were correlated with infec-
tion of humans with Giardia (Warburton et al.,
1994). A similar study in Czechoslovakia found
no correlation between infection in pets and in
humans (Pospisilova and Svobodova, 1992). It
has, however, been shown that cats can be infected

with human and canine isolates of Giardia
(Svovodova et al., 1990). Thus, at this time, every
effort should be taken to prevent the potential
transmission of cysts from cats to humans.

Control/Prevention

In catteries, infections with Giardia can become a
chronic problem, causing periodic bouts of diar-
rhea in groups of animals. Typically, older cats
tend to become refractory to infection, and some
cats spontaneously stop shedding cysts; these man-
ifestations have been interpreted to mean that cats
may develop some form of acquired resistance to
giardiasis. When Giardia is identified in catteries,
all cats housed in contiguous cages must be
treated, and particular attention given to increasing
the levels of sanitation and fecal control.

The task of simultaneously clearing many ani-
mals of their infections can make disease control
in a cattery very difficult. Important facts to
remember in infection control are that (1) the
cysts stage of the parasite tends to be waterborne;
(2) the cats will not stop shedding cysts in their
feces immediately after treatment, and not all
will stop at the same time; and (3) if the cysts are
not removed from the environment, the condition
may persist through reinfection. Thus, control
involves the treatment of all cats simultaneously,
followed by moving the cats to clean cages. If
cages cannot be steam cleaned, they should be
washed with hot soapy water, rinsed, and dried
thoroughly. If it is possible to dry the cages in the
heat of the sun, this would be an excellent means
of disinfection. If conditions are such that the
cages cannot be dried completely, a disinfectant
(e.g., ammonia, Lysol™, or bleach) should be
added to the water. The day after the cats have
received their initial treatment, they should be
moved to clean cages. Following the second
treatment, the cats should be moved again. This
movement can be repeated a third time. If the
cats cannot be moved this often, it will reduce the
chances of successfully breaking the cycle of
transmission.

Fecal samples to verify that the cats have been
cleared of cysts should be taken 1 week after the
first treatment. Because of the short prepatent
period following infection, delay of more than a
week after treatment in collection of fecal sam-
ples should be avoided. If such a delay occurs, a
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negative examination for Giardia will indicate
clearance, but a positive result may indicate either
failure to clear, or reinfection, or both.
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KINETOPLASTIDA

Trypanosomes

The trypanosomes and leishmanial organisms all
have a flagellum (or undulipodium of some work-
ers) in some part of their life cycle that is con-
nected to a large mitochondrial body that was
called a kinetosome or a kinetoplast by early
microscopists. It is the presence of this structure
that causes these parasites to be grouped with
other organisms within the phylum Kinetoplas-

tida. Some members of the Kinetoplastida are
parasites of invertebrates only; others are para-
sites of invertebrates, as well as plants and ani-
mals. One group of these organisms that is para-
sitic in mammals has a single stage in the
vertebrate host, an elongate cell called the trypo-
mastigote. The trypomastigote has a large nucleus
and a long flagellum that runs the length of the
body from the posterior to the anterior end where
there is typically a free portion. Along the body,
the flagellum is attached to the cell body of the
parasite by a thin layer of cell membranes and
cytoplasm; this is what produces the structure
called the undulating membrane (so called
because as the flagellum beats, the membrane
undulates). In cats, the members of the genus Try-
panosoma that are transmitted by the bites of flies
or bugs, Trypanosoma brucei, Trypanosoma gam-
biense, Trypanosoma congolense, Trypanosoma
evansi, and Trypanosoma rangeli, are members of
this first group. A second group is represented by
the members of the genus Leishmania. In this
group, the only stage found in the tissues of the
vertebrate host is a round, intracellular form that
consists of a nucleus and the large kinetoplast.
The members of this genus are transmitted by the
bite of a phlebotomine sandfly, where the flagel-
lated form of this parasite is found. The third
group of kinetoplastid parasites found in cats is
represented by Trypanosoma cruzi. This is a
diphasic organism that has a stage in tissues of its
vertebrate host that is similar to the amastigote
stage of the Leishmania parasites and a trypo-
mastigote stage that is present in the blood of the
vertebrate host during the acute phase of the
infection. Trypanosoma cruzi is transmitted in the
feces of a kissing or triatomid bug.

Trypanosoma Gruby, 1843

The trypanosomes are parasites of all classes of
vertebrates. Having been found initially in the
blood of fish and frogs, trypanosomes have since
been found in reptiles, birds, and mammals.
Members of the genus Trypanosoma are typically
transmitted between hosts by some type of inver-
tebrate vector. One exception is Trypanosoma
equiperdum, which is transmitted between horses
during coitus. Trypanosomes are significant
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pathogens of humans and animals throughout the
tropics. There has, however, been little evidence
that they are major pathogens of the domestic cat.

Trypanosoma brucei Plimmer
and Bradford, 1899

Trypanosoma brucei is morphologically indistin-
guishable from Trypanosoma gambiense and Try-
panosoma rhodesiense. Together, these three par-
asites are considered to form a tsetse-transmitted
complex (Hoare, 1967), of which Trypanosoma
gambiense is almost exclusively human wherein
chronic disease is produced, Trypanosoma
rhodesiense is a zoonosis from African ungulates
producing fulminant disease in humans, and 7ry-
panosoma brucei occurs mainly in animals and
may or may not cause human disease. Hill (1955)
summarized the reports of these three species in
the cat including several personal communica-
tions with workers in the field, but in most cases
only very minor notes have been presented by
those cited by Hill. Thus, there seems to be little
or no literature concerning the infection of cats
with  Trypanosoma rhodesiense. Experimental
infections of cats with Trypanosoma gambiense
have been examined on at least one occasion.

Etymology

The parasite is named after Major David Bruce.

Synonyms

Trypanosoma pecaudi Laveran, 1907; Try-
panosoma togolense Mesnil and Brimont, 1909;
Trypanosoma ugandae Stephens and Blacklock,
1913; Trypanosoma multiforme Kinghorn et al.,
1913; Trypanosoma anceps Bruce et al., 1914;
Trypanosoma dukei Knuth and duToit, 1921.

History

The parasite was found to be the causative agent
of nagana in cattle by Sir David Bruce in 1894,
who recognized the trypanosome in the blood of
cattle and showed that it could be transmitted by
inoculation into horses and dogs where it caused
acute disease (Hoare, 1967). Bruce also showed
that naturally infected tsetse flies were involved
in the transmission of the parasite, but it was not

until the work of Kleine (1909a, b) that it was
shown that a period of development within the
tsetse was required for transmission to occur.

Geographic Distribution
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This parasite is distributed throughout the range
of the tsetse fly vector in western Africa. The
mammalian reservoirs of infection are considered
to be various forms of African antelope.

Location in Host

The parasite is considered to be a parasite of
blood and tissue fluids. Although in cats, the par-
asite has only been observed in the blood.

Parasite Identification

Trypanosoma brucei is the type of trypanosome
that has two stages present in the blood, a short and
stumpy form with no free flagellum and a long and
slender form with a free flagellum. The short form
has a length of around 18 um (range: 12-26 um),
while the long form has a length of 29 um (range:
23-42 pum).

In Giemsa-stained blood films, the try-
panosomes can be examined, and dividing forms
can be seen. The slender forms will typically be S
shaped with three to five undulations of the undu-
lating membrane throughout the length of the cell
body. The free flagellum will be about one-half to
one-third of the length of the cell. The nucleus
will be near midbody, and the rather small kine-
toplast will be near the posterior end of the cell
body. In the stumpy forms of the parasite, the cell
often takes on more of a C shape or L shape, the
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nucleus will be near the end of the cell body, and
there will be no free flagellum. There will still be
around three undulations of the membrane along
the cell surface.

Life Cycle

The transmission of Trypanosoma brucei typi-
cally requires the development within a tsetse fly
(genus Glossina), wherein development of infec-
tive stages occur within the gut and salivary
glands (Kleine 1909a, b). The trypanosomes are
transmitted to the next host through the bite of the
fly. Transmission of the parasite can also be
caused by inoculation of blood containing the
organisms as might occur with a dirty needle, by
the contaminated mouth parts of a horse fly
(tabanid), or by transfusion. One study showed
that the parasite can also be transmitted by cats
feeding on the meat of an infected goat with par-
asites in circulation; 3 of 17 cats became infected
in this manner (Moloo et al., 1973).

In cats inoculated with blood, trypanosomes will
appear in the blood stream beginning 5 days after
inoculation (Kanthack et al., 1899). When cats
were fed goat meat, trypanosomes first appeared in
the blood 31 to 38 days after they had been fed the
infected meat; these cats were killed soon after the
infection was detected in the blood. In cats fed an
infected mouse or an infected guinea pig, the
prepatent periods were 44 and 25 days, respec-
tively (Laveran and Mesnil, 1912). In general, it is
considered that the infected cat seldom lives long
enough to play a major role in transmission.

Clinical Presentation
and Pathogenesis

Cats that have been experimentally infected die
within 22 to 26 days after infection (Kanthack et
al., 1899). These cats were noted to develop
pyrexia, changes in the eyes including an aqueous
flare and conjunctivitis, and edema of the face
and eyelids. At necropsy, these cats were found to
have pronounced wasting with generalized lym-
phadenopathy, splenomegaly, hepatomegaly, and
pleura and pericardium hemorrhage.

A naturally infected cat was noted to be listless
and off its food, with a dry rough haircoat and
pale mucous membranes (Hill, 1955). There was

edema and erythmea of the head region. In this
cat, both eyes were acutely affected with photo-
phobia, lacrimation, conjunctivitis, and keratitis;
in the right eye there was pannus, hypopyon, and
hypertony. Within 6 days of the initial presenta-
tion, the cat became blind and too weak to stand.

Treatment

Treatment of only one infected cat has been
reported in the literature (Hill, 1955). This cat was
treated with antycide methylsulphate (6 mg/kg
body weight) subcutaneously. It began to eat again
by the third day after treatment, and the hypopyon
began to disappear. Both eyes appeared normal 8
days after treatment. This cat did relapse a few
weeks later, again with ophthalmologic signs, and
was again treated. Relapse developed again sev-
eral months later, and following treatment and
another relapse, the cat was euthanatized.

Epizootiology

Trypanosoma brucei is considered a parasite of
African ungulates that can get into domestic cats
by the bite of a tsetse fly.

Hazards to Other Animals

As noted above, cats seldom live long enough
after infection to serve as major sources of infec-
tion to other animals.

Hazards to Humans

The hazard to humans would be in the veterinary
clinic where an accident with a contaminated nee-
dle could serve to introduce the parasite into
someone supplying veterinary care.

Control/Prevention

There is currently very little known about the
control and prevention of the disease in cats. The
biology of the parasite would suggest that cats
should be protected from tsetse bites and not fed
meat of wild game that might be infected.
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Trypanosoma gambiense
Dutton, 1902

Etymology

This parasite was named after its location along
the Gambia river in West Africa.

Synonyms

Trypanosoma ugandense Castellani, 1903; Try-
panosoma castellanii, Kruse, 1903; Trypanosoma
hominis Manson, 1903; Trypanosoma fordii
Maxwell-Adams, 1903; Trypanosoma nepveui
Sambon, 1903; Trypanosoma tullochii Minichin,
1907; Trypanosoma rovumense Beck and Weck,
1913; Trypanosoma nigeriense Macfie, 1913;
Castellanella  gambiense (Dutton, 1902)
Chalmers, 1918.

History

This is the causative organism of classical “sleep-
ing sickness” in humans. This trypanosome was
first discovered in human blood in 1901 by Forde,
and Dutton proposed the name Trypanosoma
gambiense in 1902. Dutton did not suspect that
this parasite caused sleeping sickness; Castellani
(1903) showed that a trypanosome was present in
the cerebrospinal fluid of patients with sleeping
sickness in Uganda and suggested that the try-
panosome was the causative agent of this disease.
Gray and Tulloch (1907) made the ultimate con-
nection between the forms found in acute disease
in the blood (as by Forde and Dutton) and the try-
pomastigotes present in cerebrospinal fluid of
sleeping sickness patients. Gray and Tulloch
showed that patients with acute disease would go
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Fig. 1.49. Trypanosoma gambiense trypomastigote
in the blood of a mouse stained with Giemsa. One
of the two trypomastigotes in the center of this
photomicrograph is in the process of division as is
evidenced by the presence of two kinetoplasts on

the posterior end. Dividing forms like this would not
be observed in infections with Trypanosoma cruzi.

on to develop sleeping sickness. The tsetse fly
was shown to be the vector by Bruce and Nabarro
(1903) and Kleine (1909).

Location in Host

This is a parasite of the blood and tissue fluids
(Fig. 1.49); it has not been observed in naturally
infected cats.

Parasite Identification

Trypanosoma gambiense is morphologically
indistinguishable from Trypanosoma brucei.

Clinical Presentation
and Pathogenesis

There is only one report describing clinical dis-
ease in experimentally infected cats (Bogaert,
1962). Four cats were injected with the parasite.
Two died after 4 months of infection, with rapid
weight loss, generalized adenopathy, and
splenomegaly. After 7 months, a third cat showed
a temporary pelvic limb paralysis; histologic
examination revealed slight generalized lympho-
cytic meningitis without trypanosomes in the
spinal fluid. At the end of 10 months, the fourth
cat showed marked somnolence, myoclonia of the
limbs, periodic epileptic seizures, and then a
marked ataxia of the cerebellar type. Lymphocy-
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tosis, but no parasites, were found in the cerebral
spinal fluid. Upon euthanasia and necropsy 11.5
months after infection, this cat showed neurologic
changes consistent with cerebral trypanosomia-
sis: cellular infiltrations in the optic tract, peri-
capillary infiltrations, and uniform meningitis
with the lesions increasingly intense near the
ectosyvian convolution and the hippocampus.

Treatment

This has not been attempted in the cat.

Epizootiology

Trypanosoma gambiense is considered a parasite
of humans that might get into domestic cats by
the bite of a tsetse fly.

Hazards to Other Animals

Unknown.

Hazards to Humans

The hazard to humans would be in the veterinary
clinic where an accident with a contaminated nee-
dle could serve to introduce the parasite into
someone supplying veterinary care.

Control/Prevention

There is currently very little known about the
prevalence, control, or prevention of the disease
in cats. The biology of the parasite would suggest
that cats should be protected from tsetse bites.
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Trypanosoma evansi (Steel,
1885) Balbiani, 1888

Etymology

This parasite is named after Dr. Griffith Evans, the
British veterinarian who discovered the parasite.

Synonyms

Spirochaete evansi Steel, 1885; Trypanosoma
elmassiani Lignieres, 1902; Trypanosoma souda-
nense Laveran, 1907; Trypanosoma hiipicum
Darling, 1910; Trypanosoma venezuelense Mes-
nil, 1910; Trypanosoma annamense Laveran,
1911; Trypanosoma cameli Pricolo and Ferror,
1914; Trypanosoma macracanum Sergent, Lhéri-
tier and Belleval, 1915; Trypanosoma ninae kohl-
yakimov Yakimoft, 1921.

History

This was the first pathogenic trypanosome to be
discovered. Dr. Griffith Evans discovered the
organisms in 1880 in the blood of horses and
camels in India that were suffering from a dis-
ease called surra. Mechanical transmission by
biting flies was first shown by Rogers (1901).

Geographic Distribution

Fig. 1.50.

The organism is found in Africa north of the
Sahara, Asia, and Central and South America.
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Fig. 1.51. Trypanosoma evansi in the blood of a
horse. Giemsa stain.

Location in Host

These parasites are parasites of the bloodstream
and tissue fluids. In the cat, organisms have only
been observed in the blood.

Parasite Identification

The morphology of this parasite (Fig. 1.51) is indis-
tinguishable from that of Trypanosoma brucei.

Life Cycle

This parasite is transmitted between hosts by
mechanical transmission by biting flies (Rogers,
1901). In South America, transmission has also
been shown to be possible through the bite of
vampire bats (Desmodus rotundus) (Dunn, 1932).

Clinical Presentation
and Pathogenesis

Typically, this parasite is thought of as causing
disease in horses, camels, elephants, and dogs
wherein there is emaciation and edema. There
have been few reports in cats.

A naturally infected cat presented with lethargy
and inappetence, sunken eyes, and incoordination
(Paikne and Dhake, 1974). Poisoning was the
expected etiology. The animal died, and a necropsy
was performed. Blood smears revealed numerous
Trypanosoma evansi organisms. There was
perivascular cuffing around vessels in the brain.

At least two studies have been performed in
which cats have been experimentally infected
(Choudhury and Misra, 1972; Scheidle, 1982). In
the earlier report, cats were inoculated intraperi-
toneally. The trypanosomes appeared in the circu-
lation 14 to 15 days after infection. Young cats
could succumb during the first peak parasitemia,
but if they survived, 4-day-long peaks of para-
sitemia appeared every 2 weeks. During the peak
parasitemias, the cats showed signs of drowsi-
ness, lack of appetite, and facial inflammation. In
the later report, three cats were inoculated with
1,500 trypanosomes. Two days after infection,
parasites were detectable in the blood; after 2
weeks of infection, there were 70,000 try-
panosomes observed per cubic millimeter of
blood. The body temperature of the infected cats
seldom exceeded 40°C. After 9 days of infection,
the cats were severely anemic, which was the
major observation at necropsy.

Treatment

Two experimentally infected cats were treated
with Berenil, 4-4’-diamidino-diazoamino-benzol-
diaceturat (Scheidle, 1982). A second treatment
was given 2 days later because the cats still had
low parasitemias 1 day after the first treatment.
After the second treatment, trypanosomes were
not observed for 8 to 20 days, but they then
appeared and rose to near the pretreatment levels
of 70,000 trypanosomes per milliliter.

Epizootiology

Trypanosoma evansi is considered to use cattle
and buffalo as the reservoir hosts. Transmission to
horses and dogs is not uncommon, but it is
unclear how often cats may be infected.

Hazards to Other Animals

Unknown.

Hazards to Humans

Trypanosoma evansi is not considered to be a
human pathogen. However, precautions should be
taken to reduce potential hazards to humans in the
veterinary clinic where an accident with a con-
taminated needle could serve to introduce the par-
asite into someone supplying veterinary care.
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Control/Prevention

There is currently very little known about the
prevalence, control, or prevention of the disease
in cats. The biology of the parasite would suggest
that cats should be protected from fly bites.
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Trypanosoma congolense
Broden, 1904

Etymology

This parasite is named after the Congo location in
which it was first observed.

Synonyms

Trypanosoma dimorphon Laveran and Mesnil,
1904; Trypanosoma nanum Laveran, 1905; Try-
panosoma confusum Montgomery and Kinghorn,
1909; Trypanosoma montgomeryi Laveran,
1909; Trypanosoma pecorum Bruce et al., 1910;
Trypanosoma frobeniusi Weissenborn, 1911; Try-
panosoma Somaliense Maroglio, 1911; Try-
panosoma cellii Martogio, 1911; Trypaonsoms
multiforme Kinghorne et al., 1913; Trypaonson
randae van Saceghem, 1921; Trypanosoma urun-
diense Chardome and Peel, 1967; Trypanosoma
berghei Chardome and Peel, 1967; Trypanosoma
mossosense Chardom and Peel, 1967.

History

This parasite was first observed in the blood of
sheep and a donkey in Leopoldville (Kinshasa) of

the Congo, and Broden noted that it was small
and did not have a free flagellum. This is the
major trypanosome of African animals and the
most important animal trypanosome in East
Africa.

Geographic Distribution
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Tropical Africa south of the Sahara, within the
range of the tsetse fly.

Location in Host

Trypanosoma congolense is a parasite mainly of
the blood, although it may be found at times in
tissue fluids.

Parasite Identification

Trypanosoma congolense is a small trypanosome
measuring 9 to 18 um in length (Fig. 1.53). There
is typically no free flagellum observed in Giemsa-
stained organisms, and the undulating membrane
typically has no more than three to four undula-
tions throughout the length of the cell body. The
kinetoplast is relatively small, tends to be mar-
ginal, and is just subterminal to the posterior end
of the body. In fresh blood, the trypanosome is
active but shows no progressive motion through
red blood cells, rarely leaving the field of view in
the microscope.

Life Cycle

This parasite is transmitted between hosts by the
bite of a fly, the tsetse, which serves as a required
biological vector of this parasite.
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Fig. 1.563. Trypanosoma congolense in the blood of
a mouse. In this preparation, the flagellum is clearly
evident as it undulates along the body of this
parasite.

Clinical Presentation
and Pathogenesis

This parasite is capable of causing disease in
most domestic animals. The disease is typically
one of anemia that is considered to be related to
an inhibition of hematopoiesis. There have been
few reports in cats.

In six cats experimentally infected with Try-
panosoma congolense, organisms appeared in the
blood within 11 to 25 days after infection but
were difficult to find throughout the course of the
infection (Laveran, 1909). All six cats died within
68 to 85 days after infection. At necropsy, two of
the cats were noted to have splenomegally.

Treatment

Treatment has not been tried in cats.

Epizootiology

Trypanosoma congolense is thought to use
domestic cattle and wild game as reservoir hosts.
It is unclear how often cats may be infected.

Hazards to Other Animals

Unknown.

Hazards to Humans

Trypanosoma congolense is not considered to be
a human pathogen. However, precautions should
be taken to reduce potential hazards to humans in
the veterinary clinic where an accident with a
contaminated needle could serve to introduce the
parasite into someone supplying veterinary care.

Control/Prevention

There is currently very little known about the
prevalence, control, or prevention of the disease
in cats. The biology of the parasite would suggest
that cats should be protected from fly bites.

REFERENCE
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Trypanosoma cruzi Chagas,
1909

Etymology

This parasite is named after Dr. Cruz, the director
of the institute in which Dr. Chagas worked.

Synonyms
Schizotrypanum cruzi Chagas, 1909; Trypanosoma
triatomae Kofoid and McCulloch, 1916.

History

This parasite and the life cycle wherein triatomid
bugs serve as the vectors were described by Cha-
gas in 1909. Chagas was also the first to observe
this trypanosome in the blood of domestic cats.

Geographic Distribution

Fig. 1.54.
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This organism is found in the southern United
States, and throughout Mexico, Central America,
and South America down into Argentina.

Location in Host

In the mammalian host, the trypomastigote stage
of the parasite is found within the peripheral
blood. The amastigote stage is found in reticu-
loendothelial cells at the site of the initial insect
bite and, later, throughout the body. Other cells
that may contain the amastigote stage include
striated and cardiac muscle cells.

Parasite Identification

The trypomastigote stage of Trypanosoma cruzi
that is present in peripheral blood is never seen to
be dividing, is about 20 um long, tends to be fixed
in a C shape on prepared slides, has one to two
undulations of the undulating membrane, and has
a relatively large kinetoplast at the posterior end
that appears to bulbously expand the cell body
(Fig. 1.55). The free flagellum of Trypanosoma
cruzi that extends from the anterior end is about
one-half to two-thirds of the length of the cell
body.

The amastigote stage of Trypanosoma cruzi is
indistinguishable morphologically from that of
the Leishmania species (see below), although if
present in muscle cells, the location is diagnostic
(Fig. 1.56) because the leishmanial amastigotes

mﬂc-&

Fig. 1.565. Trypanosoma cruzi trypomastigotes in the
blood of a mouse, stained with Giemsa.
(Preparation courtesy of Dr. L. Leiva, School of
Medicine, Louisiana State University.) Note the C
shape of the trypomastigote and the very large
kinetoplast at the posterior end of the cell.

are found only in reticuloendothelial cells. The
amastigote stage is round to oval, is 1.5 to 4 um
in diameter, and contains a large nucleus and a
smaller kinetoplast. The amastigotes appear
slightly larger in impression smears than in histo-
logic sections due to flattening and the different
methods of fixation.

Life Cycle

This parasite is transmitted between hosts by tri-
atomid bugs (Chagas, 1909); genera that have
been shown to serve as vectors include Rhodnius,
Panstrongylus, and Triatoma. Within bugs that
have ingested blood containing trypomastigotes,
the parasite undergoes development from the try-
pomastigote through various stages (Fig. 1.57) to
become an infective metacyclic trypomastigote
form that is shed in the feces of the bug. Hosts
become infected when they rub the feces into the
bite wound after the bug has fed on them. Hosts
can also become infected by the ingestion of the
bugs with the parasites penetrating the mucosa of
the mouth. It is also known that the parasite can
be transmitted from a mother to her fetus
transplacentally. Cats have been experimentally
infected by feeding them infected mice (Baretto
et al., 1978).

In the vertebrate host, the parasites multiply
initially within macrophages and histiocytes at
the location of the bite wound. Next there is the
development of trypomastigotes within the blood
and the development of additional amastigotes in

Fig. 1.56. Trypanosoma cruzi amastigotes in the
heart muscle of an experimentally infected mouse.
(Preparation courtesy of Dr. L. Leiva, School of
Medicine, Louisiana State University.) Note the
small round nucleus and the smaller bar-shaped
kinetoplast that can be seen in some of the
amastigotes present within this cell.
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Fig. 1.57. Trypanosoma cruzi epimastigote culture
forms representative of stages that would be
observed in the invertebrate vector. (Preparation
courtesy of Dr. L. Leiva, School of Medicine,
Louisiana State University.)

other tissues. Ultimately, the blood forms become
less common, and the amastigote stages are found
within the reticuloendothelial cells of the spleen
and liver and within muscle cells, especially the
myocardium.

Clinical Presentation
and Pathogenesis

Only a single cat has been described as having signs
due to Trypanosoma cruzi (Talice, 1938). This cat
in Montevideo, Uruguay, had signs that included
convulsions and transient posterior paralysis.

Diagnosis

Although not well described in the cat, similar
methods used in other species are likely to be suc-
cessful. Blood smears stained with Giemsa may
be effective in showing organisms during the first
1 to 2 weeks of infection. After this time the par-
asitemia becomes subpatent, requiring a concen-
tration technique to identify organisms, or blood
culture. Examining the region just above the
buffy coat in a microhematocrit tube may show
the presence of trypomastigote forms. Serum
(1:10 dilution) may be cultured in LIT (liver infu-
sion tryptose broth) at room temperature for
6 weeks, after which the broth may be examined
for epimastigote forms. Serum may also be inoc-

ulated onto Vero cell cultures and maintained at
37°C for 4 to 6 weeks to identify trypomastigote
forms. Inoculation of infected cat blood into
weanling laboratory inbred mice (C3H) will usu-
ally cause parasitemias to appear 10 to 20 days
later. There are currently no immunologic serol-
ogy tests for cats, although tissue stage organisms
could be identified using immunohistochemistry.
Polymerase chain reaction tests used for humans
or dogs should also work in cats.

Treatment

There are no reports of attempted treatment of
infected cats.

Epizootiology

Cats are commonly found to be infected when
examined as part of surveys in Latin America
(e.g., 3.3 percent of cats in Chile) (Rojas et al.,
1973), 2.9 percent of cats in Costa Rica (Zeledon
et al., 1975), 28.6 percent of cats in northeastern
Brazil (Mott et al., 1978), 26.9 percent of cats in
Bolivia (Balderama et al., 1981), 7 to 8.5 percent
of cats in Venezuela (Tonn et al., 1983), 63.6 per-
cent of cats in Argentina (Wisnivesky-Colli et al.,
1982), and 50 percent of cats in Oaxaca, Mexico
(Salazar Schettino et al., 1987). The role of cats in
the perpetuation of the parasite would thus appear
to be a real one, although studies using immuno-
logic methods that have identified hosts from
tratomid bugs’ blood meals have shown that in
some areas cats are seldom fed on by the bugs
(Wisnivesky-Colli, 1982), while other studies
have shown that cats are routinely fed on by the
vector (Deane, 1964).

Hazards to Other Animals

Trypanosoma cruzi is capable of infecting most
vertebrates. Also, if introduced into a poorly
maintained facility that might have infestations
with the vector, transmission could occur.

Hazards to Humans

Trypanosoma cruzi is a serious human pathogen.
Also, prevalence data would suggest that it should
often be considered as a potential pathogen in
cats that are being treated in Mexico and Central
and South America. Precautions must be taken to
reduce potential hazards to humans in the veteri-
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nary clinic where an accident with a contami-
nated needle could serve to introduce the parasite
into someone supplying veterinary care.

Control/Prevention

Control and prevention of the disease in cats
would, in part, be similar to that for humans (i.e.,
removing the domesticated triatomid vectors
from the living quarters). However, the nature of
cats to hunt on their own in the wild will continue
to place them at great risk of acquiring infections
from this parasite either from the bite of the bugs
or the ingestion of infected rodents.
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Trypanosoma rangeli Tejera,
1920

Etymology

This parasite is named after Dr. Rangel.

Synonyms
Trypanosoma escomeli Yorke, 1920; Trypanosoma
guatamalense De Léon, 1946; Trypanosoma cebus

Floch and Abonnenc, 1949; Trypanosoma ariarii
Groot, Renjifo, and Uribe, 1951.

History

This trypanosome, like Trypanosoma cruzi, was
first discovered in its invertebrate vector (Tejera,
1920). Although nonpathogenic trypanosomes
were observed in Latin America after this time, it
was some time until the nonpathogenic try-
panosomes isolated from the human blood were
identified as Trypanosoma rangeli (Pifano et al.,
1948).
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This organism is found in Central America and
South America down into Chile.

Location in Host

In the mammalian host, the trypomastigote stage of
the parasite is found within the peripheral blood.



70 / FELINE CLINICAL PARASITOLOGY

Parasite Identification

The trypomastigote stage of Trypanosoma
rangeli is the only stage of the parasite found in
the vertebrate host. The trypomastigote may be
seen to be dividing. The trypomastigote is slen-
der, 26 to 34 um long; the undulating membrane
is well developed and may have four to five
undulations throughout its length. The kineto-
plast is small and subterminal to the posterior end
of the cell. The free flagellum of Trypanosoma
rangeli that extends from the anterior end is
about one-half to two-thirds of the length of the
cell body.

Life Cycle

This parasite is transmitted between hosts by the
bite of triatomid bugs (Groot, 1952); genera that
have been shown to serve as vectors include
Rhodnius and Triatoma. Within bugs that have
ingested blood containing trypomastigotes, the
parasites develop within the hemolymph and then
make their way to the salivary glands. In the ver-
tebrate host, the parasites multiply within the
bloodstream.

Clinical Presentation
and Pathogenesis

This trypanosome is apparently nonpathogenic in
humans, and it would likely be nonpathogenic in
cats.

Diagnosis

Trypomastigotes may be identified within a
peripheral blood smear, like Trypanosoma cruzi,
and may be better identified above the buffy coat
in a hematocrit tube viewed under 400 X magnifi-
cation. Culture may be attempted in axenic
media. Trypanosoma rangeli may be distin-
guished from Trypanosoma cruzi morphologi-
cally and with mouse infection studies: Try-
panosoma rangeli does not infect mice.

Treatment

There are no reports of attempted treatment of
infected cats.

Epizootiology

Overall, very few cats have been examined for
the presence of Trypanosoma rangeli. A cat in
Venezuela was found to have circulating trypo-
mastigotes of Trypanosoma rangeli in its blood
(Pifano, 1954). More recently, 8.5 percent of cats
in Venezuela were shown to be infected with Try-
panosoma rangeli (Tonn et al., 1983).

Hazards to Other Animals

Although transmission to other animals could occur,
this protozoan is considered to be nonpathogenic.

Hazards to Humans

The role of cats in the epidemiology of this non-
pathogenic organism is not known.

Control/Prevention

Control and prevention of the disease in cats
would, in part, be similar to that for humans (i.e.,
removing the domesticated triatomid vectors
from the living quarters). However, the nature of
cats to hunt on their own in the wild will continue
to place them at risk of acquiring infections from
this parasite.
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Leishmanial Organisms

The different species of Leishmania are continu-
ously in a state of flux due to the lack of easy
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means of differentiating species. Basically, there
are three major groups of organisms: those that
cause visceral disease, those that cause cutaneous
lesions, and those that cause mucocutaneous
lesions. The organisms causing visceral disease
are species and various subspecies of Leishmania
donovani. The organisms causing cutaneous
leishmaniasis in the Old World are Leishmania
tropica (anthroponotic or urban cutaneous leish-
maniasis with dry lesions), Leishmania major
(zoonotic or rural cutaneous leishmaniasis with
wet lesions), and Leishmania aethiopica
(zoonotic cutaneous leishmaniasis of Kenya and
Ethiopia with varied lesions). The organisms
causing zoonotic cutaneous leishmaniasis in the
New World are Leishmania braziliensis, Leish-
mania mexicana, and Leishmania peruviana. The
organisms causing mucocutaneous leishmaniasis
in the New World are typically due to species of
Leishmania braziliensis.

Leishmania donovani
(Laveran and Mesnil, 1903)
Ross, 1903

Etymology

This parasite is named after William Leishman,
who discovered the organisms in spleen smears,
and Charles Donovan, who found the organisms
in a splenic puncture biopsy.

Synonyms
Piroplasma donovani Laveran and Mesnil, 1903;
Leishmania chagasi Chagas et al., 1937.

History

In 1900, William Leishman found organisms in
spleen smears of a soldier who died from a fever
known as kala-azar (Leishman, 1904), and in
1903 Donovan found the same organisms in a
splenic biopsy. Rogers (1904) showed that flagel-
late forms developed in cultures, and Adler and
Ber (1941) showed promastigotes would develop
in sandflies and transmit the disease. Nicolle and
Comte found Leishmania donovani in dogs in
Tunisia in 1908.

Geographic Distribution

This organism is found in North Africa, Southern
Europe, and the Middle East through India into
western China. The disease was brought to the
Americas after Columbus and is now endemic in
parts of South and Central America. There have
been reports of visceral leishmaniasis in cats
around Brazil (Mello, 1940) and the Mediter-
ranean—Spain (Gimeno Ondovilla, 1933), Italy
(Giordano, 1933), Algeria (Sergent et al., 1912;
Bosselut, 1948), Jordan (Morsy et al., 1980), and
France (Bergeron, 1927).

Location in Host

In the mammalian host, the only stage that is pres-
ent is the amastigote that is found within histiocytes,
monocytes, and other cells of the reticuloendothelial
system. Typically, Leishmania donovani is found
within the spleen, liver, bone marrow, intestinal
mucosa, and mesenteric lymph nodes. Other Leish-
mania species tend to be confined to ulcers on the
skin.

Parasite Identification

The amastigote stage of Leishmania donovani is
indistinguishable morphologically from that of
the Trypanosoma cruzi and other Leishmania
species (Fig. 1.60). The amastigote stage is round
to oval, is 1.5 to 4 um in diameter, and contains a
large nucleus and a smaller kinetoplast. The
amastigotes appear slightly larger in impression
smears than in histologic sections due to flatten-
ing and the different methods of fixation.



72 / FELINE CLINICAL PARASITOLOGY

® % ‘_.- [ 2
e
- r ; aat v
& I .: :'ﬁ. &
HE A L] »*
ot S :
3 g
s

Fig. 1.60. Leishmania donovani in impression smear
of experimentally infected hamster that was stained
with Giemsa stain. (Preparation courtesy of Dr. J.
Farrell, College of Veterinary Medicine, University of
Pennsylvania.) Note the large host-cell nucleus in
the middle that is surrounded by the amastigotes
that have a small round nucleus and the bar-shaped
kinetoplast.

Fig. 1.61. Leishmania donovani culture form
showing the elongate shape and the presence of
the free, anteriorly directed flagellum.

Life Cycle

Within the mammalian host the parasite grows
and multiplies within cells of the reticuloendothe-
lial system by simple binary division. Leishmania
donovani is transmitted between hosts by the bite
of infected sandflies (genera: Phlebotomus in
Europe and Asia, and Lutzomyia in the Ameri-
cas). Within the sandfly are found the flagellated
promastigote forms of the parasite that are similar
to the stage found in cell-free cultures (Fig. 1.61).

Clinical Presentation
and Pathogenesis

Very few of the reports dealing with cats have
described clinical signs other than to say that the
cats were thin and may have had cutaneous man-
ifestations of the visceral disease. In one case,
organisms were found in the spleen (Bergeron,

1927), and in another case amastigotes were seen
in bone marrow (Sergent et al., 1912).

The course of infection has been followed in
cats with experimentally induced visceral leish-
maniasis (Kirkpatrick et al., 1984). Cats inocu-
lated intravenously with amastigotes developed
large numbers of organisms in the liver, spleen,
and bone marrow. On the other hand, cats inocu-
lated intradermally with promastigotes from cul-
ture developed transient (of 3 days duration) pal-
pable nodules at the site of inoculation, but no
parasites were recovered from the internal organs
of these cats. Of those infected cats that were
maintained up to 16 weeks after infection, none
developed signs of leishmaniasis or cutaneous
lesions. At necropsy, there was no apparent
hepatomegaly or splenomegaly. These results
describing the failure of the inoculation of pro-
mastigotes are not surprising in light of recent
work showing the importance that the saliva of
the sandfly plays in the development of visceral
infection with this parasite.

Diagnosis

Serologic tests exist for the cat but are unreliable
as cats are rarely clinically affected even when
they are serologically positive. The cutaneous
form, the most common, may be diagnosed by
identifying organisms within cells on aspirate
cytology (Wright’s or Giemsa stain) or
histopathology of excised lesions. Although not
reported in cats, PCR tests on infected tissues
should be very sensitive and specific.

Treatment

There are no reports of attempted treatment of
infected cats.

Epizootiology

Overall, very few cats have been examined for the
presence of Leishmania donovani. It has been
considered that they do not play a major role as
mammalian hosts of this parasite, but at this time,
their role is actually not known.

Hazards to Other Animals

Transmission to other animals could occur, but at
this time, the significance of the role of the cat in
the wild is not known.
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Hazards to Humans

Cats could serve as sources of human infection,
but they are not considered to be major reservoirs
of this parasite. However, personnel need to be
protected from possible accidents that could
introduce the organisms into their skin.

Control/Prevention

To control and prevent this disease in cats it
would be necessary to prevent cats from being
bitten by the sandfly vector.
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Leishmania tropica (Wright,
1903) Liihe, 1906

Etymology

Named for the tropics.

Synonyms
Helicosoma tropica Wright, 1903; Herpetomonas

tropica Patton, 1912; Herpetomonas furunculosa
(Wright, 1903) Patton, 1922.

History

The first person to describe the organism was
Wright in 1903, who saw them in the cutaneous
lesion of an Armenian patient undergoing treat-
ment in Boston. The sandfly was shown to be the
vector of this parasite by Sergent et al. (1921).

Geographic Distribution

This organism is found in North Africa, Southern
Europe, and the Middle East through India into
western China. It is considered that this is mainly a
human disease that on occasion also infects animals.

Location in Host

In the mammalian host, the only stage that is
present is the amastigote that is found within his-
tiocytes and macrophages in the skin.

Parasite Identification

The amastigote stage of Leishmania tropica is
indistinguishable morphologically from other
Leishmania species and that of the Trypanosoma
cruzi. The amastigote stage is round to oval, is
1.5 to 4 ym in diameter, and contains a large
nucleus and a smaller kinetoplast. The amasti-
gotes appear slightly larger in impression smears
than in histologic sections due to flattening and
the different methods of fixation.
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Life Cycle

Within the mammalian host the parasite grows and
multiplies within macrophages and histiocytes of
the skin at the site of the bite by the sandfly vec-
tor. Leishmania tropica is transmitted between
hosts by the bite of infected sandflies of the genus
Phlebotomus. Within the sandfly are found the
flagellated promastigote forms of the parasite that
are similar to the stage found in cell-free cultures.

Clinical Presentation
and Pathogenesis

There is a report of two clinical cases of lesions
of the Leishmania tropica type in cats in Iraq
(Machattie et al., 1931). These two cats were
found to have ulcers and organisms that were
identified as probably being due to Leishmania
tropica. The cats appeared thin but healthy. One
cat had an extensive lesion on the nose, a small
ulcerating sore on the left eyelid, and three
papules on the left ear. The other cat had a single
sore on its nose. Postmortem examination of the
cats revealed no organisms within the deeper tis-
sues. A cat from the Marseillaise region was
found at autopsy to have numerous skin lesions
that contained many organisms that were called
Leishmania infantum (Dunan et al., 1989). The
cat had presented to a local veterinarian with
lesions that began as erythematous lesions that
later developed pustules. The lesions were on the
top of the head and on the neck. After 3 months
following anti-inflammatory and antibiotic ther-
apy, the cat was euthanatized at the request of the
owner. Only the skin lesions were submitted;
thus, it was not possible to ascertain if there were
organisms present in other body tissues.

Diagnosis

For cutaneous lesions the diagnosis method of
choice is identifying organisms within cells on
aspirate cytology (Wright’s or Giemsa stain) or
histopathology of excised lesions. Although not
reported in cats, PCR tests on infected tissues
should be very sensitive and specific.

Treatment

There are no reports of attempted treatment of
infected cats.

Epizootiology

Overall, very few cats have been examined for the
presence of Leishmania tropica. It has been con-
sidered that they do not play a major role as mam-
malian hosts of this parasite, and at this time, it is
believed that human beings serve as the major
reservoir of infection.

Hazards to Other Animals

Transmission to other animals is unlikely. Trans-
mission could occur by direct inoculation of the
organisms, but under most circumstances, this
would probably not occur.

Hazards to Humans

Cats could serve as sources of human infection,
but currently cats are not considered to be major
reservoirs of this parasite. However, personnel
need to be protected from possible accidents that
could introduce the organisms into their skin.

Control/Prevention

Control and prevention of the disease in cats
would, in part, be based on reducing the number
of cases within the human reservoir of infection.
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Leishmania braziliensis
and Leishmania mexicana

Etymology

Named for the location in New World tropics.

Synonyms
Leishmania tropica var. americana Laveran and
Nattan-Larrier, 1912.
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History

Spanish explorers soon discovered after conquest
that in areas of the Andes there was the possibil-
ity of developing lesions of the nares that could
prove disfiguring (Weiss, 1943). It is now
believed that the lesions of this type are due to
several species of leishmaniasis-inducing organ-
isms that are indigenous to the New World.

Geographic Distribution
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These organisms are found in the southern United
States, Mexico, and Central and South America.

Location in Host

In the mammalian host, the only stage that is
present is the amastigote that is found within his-
tiocytes and macrophages in the skin. Some
species seem to have a predilection for mucocuta-
neous areas of the skin.

Parasite Identification

The amastigote stage of these species of Leish-
mania is indistinguishable morphologically from
that of other Leishmania species and that of the
Trypanosoma cruzi. The amastigote stage is
round to oval, is 1.5 to 4 wm in diameter, and con-
tains a large nucleus and a smaller kinetoplast.
The amastigotes appear slightly larger in impres-
sion smears than in histologic sections due to flat-
tening and the different methods of fixation.

Life Cycle

Within the mammalian host the parasite grows
and multiplies within macrophages and histio-

cytes of the skin at the site of the bite by the sand-
fly vector. New World leishmaniasis is transmit-
ted between hosts by the bite of infected sandflies
of the genus Lutzomyia. Within the sandfly are
found the flagellated promastigote forms of the
parasite that are similar to the stage found in cell-
free cultures.

Clinical Presentation
and Pathogenesis

There have been a few reports of cutaneous leish-
maniasis in cats in the New World. Craig et al.
(1986) reported on lesions in the ear of a 4-year-
old long-haired domestic cat in Texas. The cat
had no signs of systemic disease and was returned
to its owners after a radical pinnectomy. Three
other cats (one male and two females) were found
to have lesions in Venezuela (Bonfante-Garrido et
al., 1991). On the male cat, the lesions occurred
on the nose and ears; on the female cats lesions
were confined to the nose. In all cases, organisms
were observed in impression smears of the
lesions.

Diagnosis

For cutaneous lesions the method of diagnosis of
choice is identifying organisms within cells on
aspirate cytology (Wright’s or Giemsa stain) or
histopathology of excised lesions. Although not
reported in cats, PCR tests on infected tissues
should be very sensitive and specific.

Treatment

There are no reports of attempted treatment of
infected cats other than surgical excision of the
affected tissue.

Epizootiology

Overall, very few cats have been reported to
be infected with dermal leishmaniasis. It is
believed that small rodents serve as the major

reservoirs of infection with this species in the
New World.

Hazards to Other Animals

Transmission to other animals could occur
through direct inoculation of the organisms, but
this would probably be unlikely.
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Hazards to Humans

Cats could serve as sources of human infection,
but they are not considered to be major reservoirs
of this parasite. However, personnel need to be
protected from possible accidents that could
introduce the organisms into their skin.

Control/Prevention

Control and prevention of the disease in cats
would, in part, need to be directed at preventing
the cats from coming into contact with infected
flies. However, because both the cats and the flies
are hunting the same small rodents that serve as
reservoirs of this infection, it is likely that it will
not be possible to prevent cats that hunt from
becoming infected.

REFERENCES

Bonfante-Garrido R, Urdaneta I, Urdaneta R, Alvarado
J. 1991. Natural infection of cats with Leishmania
in Barquisimeto, Venezuela. Trans Roy Soc Trop
Med Hyg 85:53.

Craig TM, Barton CL, Mercer SH, Droleskey BE,
Jones LP. 1986. Dermal leishmaniasis in a Texas
cat. Am J Trop Med Hyg 35:1100-1102.

Weiss P. 1943. Epidemiologia y clinica de la leishma-
niasis tegumentarias en el Peru. Rev Med Exp
Lima 2:209-248.

RHIZOPODA

The sarcodinid parasites of concern are the amebae
(spelled by some with an o, e.g., “amoebae”).
These organisms are characterized by their form of
movement, which involves the directional exten-
sion of the cell body by processes called pseudopo-
dia; this movement is accomplished without cilia
or undulipodia. The feeding stage is called a
trophozoite, which ingests particles by surround-
ing them with cytoplasm of an engulfing pseudo-
pod. Some amebae have a cyst stage that is resist-
ant to environmental extremes. Amebae are found
both as free-living forms and as parasitic forms in
diverse hosts ranging from cockroaches to humans.
Humans are host to several species of ameba, but
only one species, Entamoeba histolytica, is a seri-
ous pathogen of humans, in which it causes large-
bowel disease and occasionally hepatic or other
deep tissue abscesses. Cats do not appear to be typ-
ical hosts of this pathogenic ameba, even though

they have been experimentally infected to study
the pathogenic effects of this parasite. Cats have,
however, on at least one occasion been reported to
be infected with this parasite (Kessel, 1928).

Entamoeba histolytica
Schaudinn, 1903

Etymology

(Ent = internal + amoeba, histo = tissue + lytica
= lysis).

Synonyms

Amoeba coli Losch, 1878; Amoeba dysenteriae
Councilman and Lafleur, 1891; Entamoeba
dysenteriae (Councilman and Lafleur, 1891)
Craig, 1905; Entamoeba tetragena Hartmann,
1908; Endamoeba histolytica (Schaudinn, 1903)
Hickson, 1909; Endamoeba dysenteria Kofoid,
1920; Entamoeba dispar Brumpt, 1925.

History

Disease due to Entamoeba histolytica was first
observed by Losch in 1875 in Leningrad. Losch
observed amebae in ulcers of the colon at
necropsy and induced disease in a dog by a rectal
inoculation with human feces. Work by others,
including Councilman and Lafleur, showed that
the ameba was the cause of the disease. Enta-
moeba histolytica was distinguished from the
nonpathogenic commensal of humans, Enta-
moeba coli, by Schaudinn in 1903.

Geographic Distribution

Fig. 1.64.
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These organisms are found throughout the world
but are more common in the tropics. There is only
a single report in which amebae specifically iden-
tified as Entamoeba histolytica have been found
in naturally infected cats.

Location in Host

Entamoeba histolytica is a parasite of the mucosa
of the large intestine. Some strains are more path-
ogenic than others and are capable of causing
ulcers within the mucosa and being carried by the
bloodstream to other organs, for example, the
liver, lung, and brain, where abscesses develop. In
experimentally infected cats, abscesses have been
observed to develop in the liver.

Parasite Identification

The 8 to 30 wm trophozoite in a fecal smear pre-
pared from fresh feces in physiologic saline will
continue to be motile, and finger-shaped, rapidly
extended pseudopodia can be observed. The
trophozoites of Entamoeba histolytica are often
seen to contain ingested red blood cells. If the fecal
material is stained with a trichrome stain or iron
hematoxylin, the characteristic morphology of the
nucleus with its small central karyosome and
peripheral chromatin granules can be observed.

The spherical cyst, 10 to 20 um in diameter, is
more likely to be observed in formed feces. A
fully developed cyst will contain four nuclei,
although maturing cysts can contain anywhere
from one to four nuclei. The cyst may contain
elongate rod-shaped structures, chromatoidal
bodies, which will have blunt ends.

Life Cycle

In humans, the typical life cycle includes the
feeding, trophozoite stage that is found on or in
the mucosa of the large bowel. The trophozoite is
the stage that causes disease and is the stage
passed in the feces of patients with dysentery. The
cyst stage is passed into the environment with the
formed feces of individuals that serve as carriers
of the infection. The cyst is a relatively resistant
form that serves to transport the ameba from host
to host in fecal contaminated water.

It is difficult to infect kittens with a per os inoc-
ulation of cysts of Entamoeba histolytica, although
it has been done (Dale and Dobell, 1917). More

typically, Kkittens have been experimentally
infected by the intrarectal inoculation of cysts or
trophozoites obtained from human cases or other
experimentally infected cats. In cats that are exper-
imentally infected, amebae can first be detected in
dysenteric stools as early as 3 days after infection
(Sanders, 1928), with the average prepatent period
being about 6 days (Kessel, 1928). As noted above
(under Diagnosis), cysts are rarely seen in cats fol-
lowing experimental infection.

Clinical Presentation
and Pathogenesis

Diamond and Clark (1993) proposed that there
were two morphologically indistinguishable
species of Entamoeba. One of these species,
Entamoeba histolytica Schaudinn, 1903 (Walker,
1911), is pathogenic in cats, while a second
species, Entamoeba dispar Brumpt, 1925, is non-
pathogenic in cats. This was a concept originally
proposed by Brumpt in 1925 based on patho-
genicity of isolates in humans and in experimen-
tally infected kittens. These two isolates of path-
ogenic and nonpathogenic strains can be
differentiated on the basis of electrophoretic
enzyme analysis, by using monoclonal antibod-
ies, as well as various DNA probes that hybridize
selectively to the DNA of the different ameba iso-
lates. Thus, it would appear that cats that are pass-
ing cysts without signs of disease are probably
infected with the noninvasive Entamoeba dispar,
while cats or kittens that develop amebiasis are
probably infected with the invasive species Enta-
moeba histolytica.

The experimental inoculation of adult cats with
Entamoeba histolytica seldom results in infection
or disease, although a carrier state has developed
in a small number of adult animals (Baetjer and
Sellards, 1914); of course, it has not always been
clear whether the authors were working with
pathogenic or nonpathogenic isolates. Disease
occurs mainly in kittens. In the three naturally
infected kittens that have been observed to have a
pathogenic form of the organism (Kessel, 1928),
trophozoites were noted in fecal samples taken
soon after the kittens were purchased on the
streets of Peking, China. These three kittens
developed dysentery and succumbed to the infec-
tions within a few days after purchase. Histologic
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examination of the large bowel revealed lesions
similar to those seen in experimentally infected
kittens with ulcers containing amebae extending
to the level of the muscularis mucosa. Lesions in
experimentally infected kittens are typically
restricted to the distal fourth of the large bowel,
although, in some older animals, lesions have
been noted anterior to the ileo-cecal valve. It is
difficult to judge whether the observed localiza-
tion approximates the natural state of disease in
the cat because the amebae were often inoculated
intrarectally, which may have some effect on
where the lesions are produced.

In the experimentally infected kittens, the
amebae enter the bottom of the glands in the
large intestine and then pass into the connective
tissue beneath. This is followed by the degener-
ation of epithelial cells. As the lesions grow in
size and severity, the kitten develops the typical
bloody and mucoid stools. A common occur-
rence in infected cats appears to be a general-
ized septicemia. Cats typically die within 8 days
after infection (Kessel, 1928), but ranges from
4 to 39 days have been reported in cats with
dysentery. A few cats have become ‘“carriers”
and have been observed apparently healthy
62 days after infection. These carrier cats were
without signs of dysentery and without amebae
in their stools, but on necropsy they did have
lesions (in one an 8 cm bloody patch) contain-
ing motile amebae.

Liver abscesses are capable of developing in
experimentally infected cats (Wenyon, 1912;
Baetjer and Sellards, 1914; Dale and Dobell,
1917). The amebae are first carried to the mesen-
teric lymph nodes, which become enlarged and
in which the amebae multiply. The amebae are
then carried to the liver where amebic abscesses
typical of those of human amebiasis develop.

In some cats, the observed abscesses have
remained less than a centimeter in size and cause
superficial bulges of the liver surface. In one
case, an extensive internalized abscess developed
that occupied about one-quarter of the entire liver
(Baetjer and Sellards, 1914). Examination of
the abscesses has revealed them to contain
numerous amebae. The typical abscess appears
to remain free for the most part of contaminating
bacteria, although there is extensive necrosis and
caseation.

Fig. 1.65. Cyst of Entamoeba histolytica in human
feces. The cyst was fixed and then stained with iron
hematoxylin. Note the characteristic nucleus and
kinetoplast and the rounded, dark chromatoidal
bodies. In this cyst only one of the four nuclei is
visible in the focal plane of the photomicrograph.

Diagnosis

The parasite is diagnosed in formed feces by the
identification of the cyst in the feces (Fig. 1.65).
In loose or dysenteric stools, a diagnosis requires
the identification of the motile trophozoite stage
(Fig. 1.66). The only diagnosis made in naturally
infected cats has been based on the identification
of trophozoites in feces and in histologic sections
of the wall of the colon (Kessel, 1928). Typically,
cats do not appear to shed cysts, however,
Quincke and Roos (1893), who were the first to
observe cysts in the feces of humans, observed
cysts in the feces of cats that they had infected
with cysts from humans. Also, Jungmann et al.
(1986) reported 1 of 13 cats in East Berlin to be
shedding cysts of an unidentified Entamoeba
species. It would appear that cats are refractory to
infections with the other Entamoeba species that
infect humans (i.e., Entamoeba coli and Enta-
moeba hartmanni) (Wenyon, 1912; Dale and
Dobell, 1917); this simplifies the identification of
the trophozoite and cyst in cat feces.

Treatment

Kittens were used in a series of trials on the ther-
apeutic effects of a number of ipecacuanha alka-
loids (Dale and Dobell, 1917) without any being
found to be of significant therapeutic value. There
have been no recent reports of attempts to treat
infected cats.
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Fig. 1.66. Trophozoite of Entamoeba histolytica in
human feces. The trophozoite was fixed, then
stained with iron hematoxylin, and photographed
using phase microscopy. The trophozoite has the
characteristic nucleus that is surrounded by
chromatin and has a central nucleolus.

Epizootiology

Cats do not appear to be regular hosts of this
human pathogen even though cysts have been
reported in the feces of cats on several occasions
(Baetjer and Sellards, 1914; Jungmann et al.,
1986). It would thus appear that kittens are at risk
when around water that has been contaminated
with human sewage. This parasite has been found
in humans throughout the world; it is more com-
mon in the warmer climates, but it is present in
human populations who live in situations where
human feces is not properly disposed of with
respect to water and foodstuffs.

Hazards to Other Animals

This is unlikely due to cats seldom shedding the
transmission stage, the cyst, in their feces even
when infected.

Hazards to Humans

This is a situation where cats are probably mainly
at risk of being infected from a human source
rather than vice versa.

Control/Prevention

Control and prevention of the disease in cats
would be directed at improving the sanitary dis-
posal of human excrement around the world and

by providing all people and animals sources with
clean drinking water.
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MICROSPORA

Microsporidia are typically parasites of inverte-
brates (Canning and Lom, 1986). They are char-
acterized by having spores that contain a tubular
filament through which the nuclear material is
extruded directly into the host cell that is being
infected. There have been only four reports of
microsporidia infecting domestic cats.

The predominant microsporidian parasite of
mammals is Encephalitozoon cuniculi, which is
considered mainly a parasite of rabbits and small
rodents (Fig. 1.68). The spores are passed in the
urine, and hosts become infected by the ingestion of
the spores. Once ingested, host cells are penetrated,
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and the organisms are found in the vascular
endothelium throughout the body. The major
organs affected are the kidney and brain, although
organisms can be found in almost any tissue. Car-
nivores can apparently become infected by the
ingestion of infected rodent or lagomorph hosts that
contain hundreds to thousands of spores. As noted
for dogs and foxes, if hosts become infected while
pregnant, there can be transuterine infection with
pronounced deleterious effects on the offspring.

Encephalitozoon cuniculi
Levaditi, Nicolau,
and Schoen, 1923

Etymology

Encephalito (brain) + zoon (animal) and cuniculi
(rabbit).

Schuster (1925) described neuropathology
associated with meningoencephalitis in cats
infected with Encephalitozoon (syn = Nosema)
cuniculi that were apparently normal and healthy.
Histopathology performed on a Siamese kitten
that had developed spasms, muscle twitching, and
depression along with two littermates revealed
organisms of Encephalitozoon in the brain, kid-
ney, spleen, lymph node, and tunica media of the
blood vessels (van Rensburg and du Plessis,
1971). Waller et al. (1983) noted two cats that had
low levels of antibody to the spores of Encephal-
itozoon cuniculi out of a population of 22 cats of
which 18 had antibody to Toxoplasma gondii.

The responses to experimental infection with
Encephalitozoon cuniculi of 10 3- to 14-day-old
kittens and 3 2.5-month-old cats that had also
been experimentally infected with FeLV were fol-
lowed for a period of 3 to 12 weeks (Pang and
Shadduck, 1985). Although Encephalitozoon
cuniculi was observed in tissue sections of the
kidneys of all but one cat, most of these cats
showed no signs of infection. All the cats devel-
oped a subacute or chronic interstitial nephritis of
varying severity with the lesions being markedly
more severe in the cats that were also infected
with FeLV. Meningoencephalitis was observed in
4 of the cats, 1 of which had received FeLLV; how-
ever, all lesions were mild. Pneumonia was pres-

ent in 4 of the cats, 3 of which were those also
infected with FeLLV. Vascular lesions were seen in
none of these cats.

Fig. 1.67.

kidney of an infected rabbit. (Histological section
stained with Gram'’s stain)
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Microsporidium buyukmihcii
Canning and Lom, 1986

Buyukmihci et al. (1977) described an infection
of the cornea of the eye of a cat due to a
microsporidium that they identified as Encephal-
itozoon. It has since been decided that this para-
site is not the same species as Encephalitozoon
cuniculi based on the number of coils of the tube
within the spore as discerned from their published
photograph. This parasite has been assigned the
name Microsporidium buyukmihcii. In the cat, the
right central cornea developed numerous opaci-
ties arranged in a stellate pattern. A superficial
keratectomy was performed. Histopathology and
electron microscopy of the specimen revealed
microsporidian organisms measuring 1.5 to 4 um
with 15 to 16 coils of the polar tube. A year after

the procedure the cat was known to be in good
health without a recurrence of the eye lesion. The
typical host of this species and how this cat
became infected are not known.
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THE TREMATODES

The trematodes are a group of organisms that are
related to the planarian studied in biology class. The
planarian belongs to the free-living form of platy-
helminth called the turbellarian. The trematodes
differ from their free-living turbellarian relatives in
that trematodes are all parasitic and lack the cilia
that cover the body surface of the adult turbellarian.
There are two kinds of trematodes: mono-
genetic and digenetic. This terminology refers to
whether or not there is development through mor-
phologically dissimilar stages in some type of
intermediate host (i.e., whether or not there is an
“alternation of generations”). The digenetic
trematodes undergo a form of development
wherein a larval stage develops in a mollusk and
the adult develops in a different host. This dis-
similar nature of the larval and adult forms caused
the larvae and adults to be considered separate
entities until the work of Steenstrup in 1842
showed them to be the same animals. This prob-
lem of stage identification did not exist for the
monogenetic trematodes that look like adults
when they hatch from eggs. The monogenetic
trematodes are parasites of fish, amphibians, and
other hosts and are only important if their eggs
are found in the feces of a cat that has eaten an
infected host. A wide variety of digenetic trema-
todes, on the other hand, commonly infect cats.
The digenetic trematodes undergo their first lar-
val development in a mollusk, typically a snail.
The snail is infected with a ciliated stage, the
miracidium, that hatches from the egg produced by
the adult trematode. In most cases, after the larva
develops through one to several stages within the
snail, a proliferative stage is reached that produces
the cercaria, the stage that ultimately leaves the
snail. After leaving the snail, the cercaria may take
one of several routes, it may encyst on vegetation,
it may encyst in the tissues of a second intermedi-
ate host that will ultimately be eaten by the final
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host, or it may (in the case of schistosomes only)
penetrate directly into the final host. Cats typically
become infected by either eating an infected host
or via the penetration of the skin. Feline feeding
habits are such that cats seldom fall prey to the
trematodes that utilize vegetation.

Digenetic trematodes can be classified in several
ways. The “natural” classification used by taxono-
mists takes into account many characteristics of
biology and morphology to place similar organisms
into similar groups. Due to the very large numbers
of trematodes, this system unfortunately is often
considered cumbersome by practitioners. Another
means of classification is the mode of infection for
the final host. Thus, the adult trematodes could be
listed as those, for example, from fish, crabs,
lizards, or direct penetration. Again, although use-
ful for epizootiology and prevention, this is not of
great use to the practitioner. Thus, the trematodes
presented in Table 2.1 are given as to where they are
typically found within the body of the final host. At
the end of the chapter, Table 2.2 lists how cats
become infected and the geographical distribution
of the species discussed in this chapter.

TREMATODES OF THE
BUCCAL CAVITY

CLINOSTOMATIDAE

Trematodes of the buccal cavity are not uncommon
in fish-eating reptiles and birds. They are, however,
rare in mammals, and only three species of a single
genus, Clinostomum, have been reported from cats.

The genus Clinostomum (Figs. 2.2 and 2.3) and
other clinostomatids are characterized by the pos-
session of a retractile oral sucker that appears to
be surrounded by a collar-like fold of tegument.



Table 2.1. Where trematodes are typically found within the body of the final host

Trematodes of the buccal cavity
CLINOSTOMATIDAE
Clinostomum falsatum Ortlepp, 1963
Clinostomum kalappahi Bhalerao, 1947
Clinostomum abdoni Tubangui and Garcia, 1939

Trematodes of the intestine
CYATHOCOTYLIDAE
Mesostephanus milvi Yamaguti, 1939
Prohemistomum vivax (Sonsino, 1893) Azim, 1933
DIPLOSTOMATIDAE
Alaria marcianae (LaRue, 1917) Walton, 1949
Cynodiplostomum azimi (Gohar, 1933) Dubois, 1936
Fibricola minor Dubois, 1936
Pharyngostomum cordatum (Diesing, 1850) Ciurea, 1922
ECHINOSTOMATIDAE
Echinochasminae
Echinochasmus perfoliatus (Ratz, 1908) Dietz, 1909
Echinochasmus breviviteilus Fahmy, Khalifa, Sakla, 1981
Echinochasmus liliputanus (looss, 1896) Odhner, 1911
Echinochasmus caninum (Verma, 1935) Chatterji, 1954
Stephanoprora denticulatoides Isaichikoff, 1925
Echinostominae
Artyfechinostomum surfrartyfex (Schrank, 1788) Liihe, 1909
Isthmiophora melis (Schrank, 1788) Liihe, 1909
Echinoparyphium Dietz, 1909
HETEROPHYIDAE
Apaphallinae
Apophallus donicus (Skrjabin and Lindtrop, 1919) Cameron, 1936
Apophallus venustus (Ransom, 1920) Cameron, 1936
Apophallus muehlingi (Jagerskiold, 1899) Liihe, 1909
Ascocotylinae
Ascocotyle ascolonga (Witenberg, 1929) Travassos, 1930
Ascocotyle longicollis (Kuntz and Chandler, 1956) Sogandares-Bernal and Lumsden, 1963
Ascocotyle minuta Looss, 1899
Ascocotyle angrense Travassos, 1916
Ascocotyle longa Ransom, 1921
Ascocotyle pachycystis Schroeder and Leigh, 1965
Ascocotyle arnoldoi (Travassos, 1928) Soganderes-Bernal and Lumsden, 1963
Centrocestinae
Centrocestus caninus Leiper, 1913
Pygidiopsis genata Looss, 1907
Pygidiopsis summa Onji and Nishio, 1916
Pygidiopsis spindalis Martin, 1951
Cryptocotylinae
Cryptocotyle lingua (Creplin, 1825) Fischoeder, 1903
Cryptocotyle concavum (Creplin, 1825) Liihe, 1899
Cryptocotyle quinqueangularis (Skrjabin, 1923)
Euryhelminthinae
Euryhelmis squamula (Rudolphi, 1819) Poche, 1926
Euryhelmis monorchis Ameel, 1938
Euryhelmis pacifica Senger and Macy, 1952
Galactosominae
Galactosomum fregatae Prudhoe, 1949
Haplorchiinae
Haplorchis pumilio (Looss, 1896) Looss, 1899
Haplorchis yokogawai (Katsuta, 1932) Chen, 1936
Haplorchis taichui (Nishigori, 1924) Witenberg, 1930
Haplorchis sprenti Pearson, 1964
Haplorchis parataichui Pearson, 1964
Procerovum varium Onji and Nishio, 1916
Procerovum calderoni (Africa and Garcia, 1935) Price, 1940
Stellantchasmus falcatus Onji and Nishio, 1916
Heterophyinae
Heterophyes heterophyes (von Siebold, 1852) Stiles and Hassall, 1900
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Table 2.1. (Continued)

Heterophyes aequalis Looss, 1902
Heterophyopsis continua (Onji and Nishi, 1916) Tubangui and Africa, 1938
Metagoniminae
Metagonimus yokogawai (Katsurada, 1912) Katsurada, 1912
Metagonimus takahashii Suzuki, 1930
Dexiogonimus ciureanus Witenberg, 1929
Stictodoriinae
Stictodora sawakinensis 1L.ooss, 1899
Stictodora thapari Witenberg, 1953
MICROPHALLIDAE
Microphalloides vajrasthirae Waikagul, 1983
PLAGIORCHIDAE
Plagiorchis massino Petrov and Tikhonov, 1927
NANOPHYETIDAE
Nanophyetus salmincola Chapin, 1928

Trematodes of the pancreatic duct
DICROCOELIDAE
Eurytrema procyonis Denton, 1942

Trematodes of the gallbladder and bile ducts

DICROCOELIDAE
Euparadistomum pearsoni Talbot, 1970
Euparadistomum buckleyi Singh, 1958
Euparadistomum heiwschi Buckley and Yeh, 1958
Platynosomum concinnum (Braun, 1901) Purvis, 1933

OPISTHORCHIDAE
Amphimerius pseudofelineus (Ward, 1901) Barker, 1911
Clonorchis sinensis (Cobbold, 1875) Looss, 1907
Opisthorchis felineus (Rivolta, 1884) Blanchard, 1895
Opisthorchis viverrini (Poirier, 1886) Stiles and Hassall, 1896
Paropisthorchis caninus Stephens, 1912
Metorchis conjunctus (Cobbold, 1860) Looss, 1899
Metorchis albidus (Braun, 1893) Looss, 1899
Metorchis orientalis Tanabae, 1919
Parametorchis complexum (Stiles and Hassall, 1894) Skrjabin, 1913
Pseudamphistomum truncatum (Rudolphi, 1819) Liihe, 1909

Trematodes of the nasal fossae
ORCHIPEDIDAE
Orchipedum isostoma (Rudolphi, 1819)
TROGLOTREMATIDAE
Troglotrema mustelae Wallace, 1932

Trematodes of the lungs
TROGLOTREMATIDAE

Paragonimus westermani (Kerbert, 1878) Braun, 1899
Paragonimus pulmonalis (Baelz, 1880) Miyazaki, 1978
Paragonimus miyazakii Kamo, Nishida Hatsushika, and Tomimura, 1961
Paragonimus heterotremus Chen and Hsia, 1964
Paragonimus siamensis Miyazaki and Wykoft, 1965
Paragonimus skrjabini Chen, 1960
Paragonimus ohirai Miyazaki, 1939
Paragonimus kellicotti Ward, 1908
Paragonimus mexicanus Miyazaki and Ishii, 1968
Paragonimus inca Miyazaki, Mazabel, Grados, and Uyema, 1975
Paragonimus peruvianus Miyazaki, Ibafiez, and Miranda, 1969
Paragonimus caliensis Little, 1968
Paragonimus amazonicus Miyazaki, Grados, and Uyema, 1973
Paragonimus africanus Voelker and Vogel, 1965
Paragonimus uterobilateralis Voelker and Vogel, 1965

Trematodes of the blood vessels
SCHISTOSOMATIDAE
Heterobilharzia americana Price, 1929
Ornithobilharzia turkestanica (Skrjabin, 1913)
Schistosoma japonicum (Katsurada, 1904) Stiles, 1905
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Trematodes of the buccal cavity
CLINOSTOMATIDAE
Clinostomum falsatum Ortlepp, 1963
Clinostomum kalappahi Bhalerao, 1947
Clinostomum abodoni Tubangui and Garcia,
1939

Fig. 2.1. Trematodes of the buccal cavity.

Fig. 2.2. Clinostomum marginatum. Sample
clinostomatid removed from the mouth of a heron.

The ventral sucker is relatively large and anterior
to midbody. The testes and ovary are in the poste-
rior of the body. The adults are found in the
mouths of reptiles and birds.

Clinostomum falsatum
Ortlepp, 1963

Etymology

Clino (bent) + stoma (mouth) and falsatum for
bill-hooked.

Fig. 2.3. Metacercariae of Clinostomum sp. teased
from the tissues of a rainbow trout (Salmo gairdneri).
The metacercariae have also been removed from the
metacercarial cyst wall to reveal the contained
trematode. (Photo kindly provided by Dr. Gary
Conbay, Atlantic Veterinary College, PEI, Canada).

Synonyms
None.

History

This parasite was described from the oral mucosa
of a cat in Durban, South Africa. A second col-
lection of similar specimens was made from the
mouth of a cat in Lydenburg.

Geographic Distribution

South Africa.
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Location in Host
Mouth.

Parasite Identification

These are small trematodes that are less than 5 mm
long. The oral sucker, which is retractable as evi-
denced by a collar-like fold in the tegument of the
fluke at the base of the oral sucker, is about one-third
the diameter of the ventral sucker that is located
slightly anterior to midbody. The genital opening is
posterior to the ventral sucker, and the ovary is in the
posterior of the body between the testes.

The oval eggs are large, 95-116 um long by
65-74 um wide, operculate, and not embryonated
when they leave the fluke.

Life Cycle

The life cycle of Clinostomum falsatum has not
been elucidated. Other clinostomatids are typi-
cally found as adults in the mouth or esophagus of
aquatic reptiles and birds. Miracidia develop in
eggs that leave the bird, and in the water the
miracidia hatch and penetrate a snail host. After
sporocyst and redial generations, brevifurcate,
pharyngeate cercariae with pigmented eyespots
are produced. These cercariae seek out freshwater
fish, which they penetrate and then encyst as
metacercariae in muscle and connective tissues.
The metacercaria contains some reproductive
structures and takes only a few days to develop to
the adult stage after a fish is eaten by a final host.

Clinical Presentation and Pathogenesis

The clinical presentation has been described by
Dr. Coetzee (in Ortlepp, 1963) as follows: “An
Indian resident at Badfontein brought in a male
domestic cat in fairly good condition with the
information that it had worms in its mouth.” Sub-
sequent examination revealed a granulomatous
growth in the soft tissues (frenulum) under the
tongue. The parasites were firmly attached within
the growth and required removal with forceps.

Treatment

Physical removal.

Epizootiology

Cats become infected by eating fish containing
the metacercariae. The flukes are capable of
developing to the adult stage in a few days.

Hazards to Other Animals
None.

Hazards to Humans

None.

Control/Prevention
Prevent cats from eating raw fish.
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Clinostomum kalappahi
Bhalerao, 1947

Etymology

Clino (bent) + stoma (mouth) and Kalappah for
Dr. Kalappah.

Synonyms

None.

History

First described by Dr. Bhalerao (1947), these
flukes were originally collected from the mouth of
a cat in India by Dr. Belliappa. This cat had been
treated a year previously for the same condition by
another veterinarian. A second cat treated by Dr.
Belliappa was found to have about 40 trematodes
under its tongue and on the sides of its mouth and
was noticed to be holding its mouth open.

Geographic Distribution
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Location in Host
Mouth.

Parasite Identification

The description of this trematode by Bhalerao is
insufficient for discrimination between this and
Clinostomum falsatum. Based on the original
description of Belliappa, it would appear that
these flukes are larger than those recovered from
cats in South Africa.

Life Cycle

The life cycle of Clinostomum kalappahi has not
been elucidated. See Clinostomum falsatum for a
general description.

Clinical Presentation
and Pathogenesis

The clinical presentation has been described by
Belliappa (1944). Historically, cats may present
with anorexia and depression. The temperature is
usually normal. Microscopic examination of the
feces is usually negative. Cats will champ their
jaws often, suggestive of some foreign body stuck
up inside the mouth, and they may hypersalivate.
On oral examination, a large number of papillo-
matous outgrowths may be present under the
tongue on either side of the frenulum. The growths
may reach an inch in length. Slight movements
may be seen at the free end of the growths, and
parasites (up to 20) may be removed with forceps.

Treatment

Physical removal.

Epizootiology

Cats become infected by eating fish containing
the metacercariae. The flukes are capable of
developing to the adult stage in a few days.

Hazards to Other Animals

None.

Hazards to Humans
None.

Control/Prevention
Prevent cats from eating raw fish.
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Clinostomum abdoni
Tubangui and Garcia, 1939

Etymology

Clino (bent) + stoma (mouth) and abdoni for Dr.
Abdon who originally found the fluke in the
mouth of a cat.

Synonyms
None.

History

This parasite was described from a single speci-
men obtained from a pocket under the tongue of
the mouth of a cat in the Philippines.

Geographic Distribution
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Surigao, Mindanao, Philippines.

Location in Host
Mouth, pocket under the tongue.

Parasite Identification

This trematode is 6.8 mm long and 1.65 mm
wide with no markedly noticeable cuticular
spines. The acetabulum is much larger than the
oral sucker. The testes are tandem. The oral
sucker, which is retractable as evidenced by a
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collar-like fold in the tegument of the fluke at the
base of the oral sucker, is about one-third the
diameter of the ventral sucker that is located
slightly anterior to midbody. The genital opening
is in the posterior third of the body, and the
uterus fills the body between the acetabulum and
the genital pore.

The oval eggs are large, 100 to 109 um long by
60 to 64 um wide, operculate, and not embry-
onated when they leave the fluke.

Life Cycle

The life cycle of Clinostomum abdoni has not been
elucidated, but the authors of the original descrip-
tion felt that it was highly likely that the normal
host was a piscivorous bird. For a general presen-
tation see Clinostomum falsatum.

Clinical Presentation
and Pathogenesis

The only clinical sign was the presence of the
pocket under the tongue that housed the fluke at
the time of its collection.

Treatment

Physical removal.

Epizootiology

Cats become infected by eating fish containing
the metacercariae. The flukes are capable of
developing to the adult stage in a few days.

Hazards to Other Animals

None.

Hazards to Humans
None.

Control/Prevention
Prevent cats from eating raw fish.
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TREMATODES OF THE
SMALL INTESTINE

This is by far the largest group of trematodes
found in the cat (Fig. 2.7). Trematodes differ
from other helminths in that they are often less
discriminating in their requirements for a final
host. For this reason, cats can harbor a large
number of trematodes that they share with
other animals that might eat the same interme-
diate hosts containing the arrested metacercar-
ial stage. For example, if a trematode uses a
fish as a second intermediate host, it might
grow to adulthood in a cat, a dog, a piscivorous
bird, an otter, or a raccoon. Thus, it is some-
times difficult to be certain whether the “true”
final host is the cat or some other animal. Also,
there are reports of worms being recovered on
single or only a few occasions because cats are
becoming infected when they accidentally
ingest a metacercarial-containing meal meant
for another host.

CYATHOCOTYLIDAE

One group of trematodes found in the intestine of
cats is the cyathocotylids, represented by the gen-
era Mesostephanus and Prohemistomum. The
adults of these trematodes parasitize the intestine
of piscivorous reptiles, birds, and mammals.
These flukes are characterized by the presence of
a glandular tribocytic organ that is present in
addition to the ventral sucker (The ventral sucker
is absent in some genera.). The body may be
weakly divided into forebody and hindbody
regions, and a cirrus sac is present at the posterior
end of the body.

Besides natural infections with Mesostephanus
milvi and Prohemistomum vivax (discussed
below), cats have been reported to have been
experimentally infected with Mesostephanus
appendiculatus in Romania and with Prohemisto-
mum vivax in Egypt by feeding them infected fish
(Chandler, 1950).
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CYATHOCOTYLIDAE
Mesostephanus milvi Yamaguti, 1939
Prohemistomum vivax (Sonsino, 1893) Azim, 1933

DIPLOSTOMATIDAE
Alaria marcianae (LaRue, 1917) Walton, 1949
Cynodiplostomum azimi (Gohar, 1933) Dubois,
1936
Fibricola minor Dubois, 1936
Pharyngostomum cordatum (Diesing, 1850)
Ciurea, 1922

ECHINOSTOMATIDAE
Echinochasminae
Echinochasmus perfoliatus (Ratz, 1908) Dietz,
1909
Echinochasmus breviviteilus Fahmy, Khalifa,
Sakla, 1981
Echinochasmus liliputanus (Looss, 1896)
Odhner, 1911
Episthmium caninum (Verma, 1935) Chatterji,
1954
Stephanoprora denticulatoides Isaichikoff, 1925
Echinostominae
Artyfechinostomum sufrartyfex (Schrank, 1788)
Liihe, 1909
Isthmiophora melis (Schrank, 1788) Liihe, 1909
Echinoparyphium Dietz, 1909

HETEROPHYIDAE
Apophallinae
Apophallus donicus (Skrjabin and Lindtrop,
1919) Cameron, 1936
Apophallus venustus (Ransom, 1920) Cameron,
1936
Apophallus muehlingi (Jagerskiold, 1899) Liihe,
1909
Ascocotylinae
Ascocotyle ascolonga (Witenberg, 1929)
Travassos, 1930
Ascocotyle longicollis (Kuntz and Chandler, 1956)
Soganderes-Bernal and Lumsden, 1963
Ascocotyle minuta Looss, 1899
Ascocotyle angrense Travassos, 1916
Ascocotyle longa Ransom, 1921
Ascocotyle pachycystis Schroeder and Leigh, 1965
Ascocotyle arnoldoi (Travassos, 1928)
Soganderes-Bernal and Lumsden, 1963
Centrocestinae
Centrocestus caninus Leiper, 1913
Pygidiopsis genata Looss, 1907

Pygidiopsis summa Onji and Nishio, 1916
Pygidiopsoides spindalis Martin, 1951
Cryptocotylinae
Cryptocotyle lingua (Creplin, 1825) Fischoeder,
1903
Cryptocotyle concavum (Creplin, 1825) Liihe,
1899
Cryptocotyle quinqueangularis (Skrjabin, 1923)
Euryheminthinae
Euryhelmis squamula (Rudolphi, 1819) Poche,
1926
Euryhelmis monorchis Ameel, 1938
Euryhelmis pacifica Senger and Macy, 1952
Galactosominae
Galactosomum fregatae Prudhoe, 1949
Haplorchiinae
Haplorchis pumilio (Looss, 1896) Looss, 1899
Haplorchis yokogawai (Katsuta, 1932) Chen,
1936
Haplorchis taichui (Nishigori, 1924) Witenberg,
1930
Haplorchis sprenti Pearson, 1964
Haplorchis parataichui Pearson, 1964
Procerovum varium Onji and Nishio, 1916
Procerovum calderoni (Africa and Garcia, 1935)
Price, 1940
Stellantchasmus falcatus Onji and Nishio, 1916
Heterophyinae
Heterophyes heterophyes (von Siebold, 1852)
Stiles and Hassall, 1900
Heterophyes aequalis Looss, 1902
Heterophyopsis continua (Onji and Nishi, 1916)
Tubangui and Africa, 1938
Metagoniminae
Metagonimus yokogawai (Katsurada, 1912)
Katsurada, 1912
Metagonimus takahashii Suzuki, 1930
Dexiogonimus ciureanus Witenberg, 1929
Stictodoriinae
Stictodora sawakinensis 1.ooss, 1899

Stictodora thapari Witenberg, 1953
MICROPHALLIDAE

Microphalloides vajrasthirae Waikagul, 1983
PLAGIORCHIDAE

Plagiorchis massino Petrov and Tikhonov, 1927

NANOPHYETIDAE
Nanophyetus salmincola Chapin, 1928

Fig. 2.7. Trematodes of the intestine.

Mesostephanus milvi
Yamaguti, 1939

Etymology

Meso (middle) + stephanus (crown) (referring to
the organization of the vitellaria in the middle of
the body) and milvi for the generic name of the
kite, Milvus migrans, host from which it was orig-
inally described.

Synonyms
Prohemistomum milvi (Yamaguti, 1939) Dubois,
1951; Mesostephanus indicus Vidyarthi, 1948;

Gelanocotyle milvi (Yamaguti, 1939) Sudarikov,
1961.

History

This species was first described from worms col-
lected from a kite, Milvus migrans lineatus, in
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Fig. 2.8. Mesostephanus milvi recovered from a cat
in Egypt.

Japan. Specimens were recovered from two cats
from the Daqahliya province of Egypt (Dubois
and Pearson, 1963) and again in four cats of the
Assiut province by Fahmy et al. (1984).

Geographic Distribution

Japan, India, Africa—although it has only been
reported from cats in Egypt.

Location in Host

Small intestine.

Parasite Identification

These are very small trematodes that are 1.5 to 2
mm long and about twice as long as they are
wide. The small oral sucker, about 100 um in
diameter, is similar in size to the ventral sucker.
The ventral sucker is located at midbody, and just
behind the ventral sucker is the circular tribocytic
organ that is about one-third of the body’s width.
The sexual organs are located posterior to the
ventral sucker, and there is a small elongation of
the posterior end of the body.

The oval eggs are large, yellowish-brown, oper-
culate, 100 um long by 60 to 70 um wide, and not
embryonated when they leave the fluke. (The eggs
are embryonated according to Fahmy et al., 1984.)

Life Cycle

The life cycle of Mesostephanus milvi has not
been elucidated. The life cycle of another cyatho-
cotylid, Prohemistomum vivax, has been investi-
gated (see below).

Clinical Presentation
and Pathogenesis

Asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating fish containing
the metacercariae. The flukes are capable of
developing to the adult stage in a few days.

Hazards to Other Animals

None.

Hazards to Humans

None.

Control/Prevention
Prevent cats from eating raw fish.
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Fig. 2.10. Prohemistomum vivax recovered from a
cat in Egypt.

Prohemistomum vivax
(Sonsino, 1893) Azim, 1933

Etymology

Pro (anterior) + hemi (half) + stomum (mouth)
and vivax (lively).

Synonyms

Prohemistomum spinulosum Odhner, 1913.

History

This species was first described from worms col-
lected from a kite, Milvus migrans aegypticus.

Geographic Distribution
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Egypt (Abo-Shady et al., 1983, and Fahmy et al.,
1984, found this parasite in 19 of 29 stray cats)
and Israel (Witenberg, 1934).

Location in Host
Small intestine.

Parasite Identification

These are very small trematodes that are about 1
mm in length. They differ from Mesostephanus in
that the overall body shape is oval rather than
elongate.

Life Cycle

The life cycle of Prohemistomum vivax was ini-
tially elucidated by Azim (1933) under the syn-
onym Prohemistomum spinulosum. Azim found
that brackish and freshwater fish (Gambusia affi-
nis and Tilapia nilotica) could serve as the second
intermediate host. More recently, El-Naffar et al.
(1985) showed that the metacercaria of this fluke
is found in the muscles of several fish genera,
including Tilapia, Hydrocyon, Alestes, Schibe, and
Eutropius. The adult parasites were recovered
from the duodenum, jejunum, and ileum of kittens
about 6 days after they were fed the metacercariae
harvested from fish in Lake Nasser, Egypt. Work
with the related species Prohemistomum chandleri
has disclosed that the metacercaria contains some
reproductive structures and appears to require
only a few days to develop to the adult stage after
a fish is eaten by a final host (Vernberg, 1952).

Clinical Presentation
and Pathogenesis
Asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating fish containing
the metacercariac. The flukes are capable of
developing to the adult stage in a few days.

Hazards to Other Animals

None.

Hazards to Humans
None.
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Control/Prevention
Prevent cats from eating raw fish.
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DIPLOSTOMATIDAE

Another group of trematodes found in the small
intestine of cats is the diplostomatids; adult
diplostomatids occur in the intestine of birds and
mammals. These trematodes are similar to the
cyathocotylids in that they possess a tribocytic
organ. However, they are typically divided into a
marked forebody and hindbody. Cyathocotylids
also possess an organ called the cirrus sac that is
absent in the diplostomatids.

Four species of diplostomatid have been
reported in cats. One of these species, Alaria mar-
cianae, has been shown capable of infecting young
cats through the milk of queens that contain larval
stages in their tissues.

Alaria marcianae (La Rue,
1917) Walton, 1949

Etymology

Alaria (winged—referring to the alate nature of
the forebody) and marcianae for the specific
name of the garter snake, Thamnophis marcianus,
from which the mesocercarial stage was first
recovered by La Rue (1917).

Synonyms
Cercaria marcianae La Rue, 1917; Agamodisto-
mum marcianae (La Rue, 1917) Cort, 1918.

History

This species was first collected as a larval form,
the mesocercaria, from the tissues of the garter
snake and described as Cercaria marcianae. It
was later demonstrated that the larval stage was
present in frogs and that snakes may serve as
paratenic hosts (Cort, 1918). The sporocyst and
cercarial stages were described from naturally
infected snails, and the cercariae shown to be
capable of developing in tadpoles by Cort and
Brooks (1928). Cuckler (1941) recovered adult
worms from cats fed mesocercariae from natu-
rally infected frogs. Burrows and Lillis (1965)
described the adult form for the first time from
naturally infected cats.

Geographic Distribution

North America.

Location in Host

Small intestine.

Parasite Identification

These are very small trematodes that are 1.2 to
1.6 mm long with a distinct forebody and hind-
body (Figs. 2.13 and 2.14). On each side of the
small oral sucker are two anteriorly directed ten-
tacles associated with pseudosuckers that are
about 100 um long. The oral sucker is about
100 um wide. The forebody is concave ventrally,
and the lateral margins fold in and partially overlap
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Fig. 2.13. Alaria marcianae adult showing the alate
tentacles associated with the pseudosucker on
either side of the head and the division of the body
into distinct forebody and hindbody sections.

Fig. 2.14. Alaria marcianae adult showing how the
alae are not always obvious on the anterior end. In
the center of the body between the junctions of the
fore- and hindbody can be observed the tribocytic
organ.

the ventral surface of the body. The ventral sucker
is about the same diameter as the oral sucker and
is located in the middle of the forebody. The tri-
bocytic organ is just posterior to the ventral
sucker and is approximately 150 to 200 um wide
and slightly more than twice as long as it is wide.
The vitellaria are almost exclusively in the fore-
body. The sexual organs are located mainly in the
hindbody. The posterior testis is bilobed with one
lobe on each side of the body. The anterior testis
appears only on one side of the body and is
slightly smaller than a lobe of the posterior testis.
The ovary is just anterior to the anterior testis.

The oval eggs are large, 110 to 127 um long by
65 to 72 um wide, operculate, and not embry-
onated when they leave the fluke (Fig. 2.15).
When the eggs become embryonated after several
weeks in fresh water, the miracidium has two
dark eyespots (Fig. 2.16).

_,---e"__. ! b |

Fig. 2.15. Alaria marcianae egg as it appears when
passed in the feces.

Fig. 2.16. Alaria marcianae egg containing a
developed miracidium with dark pigmented eyespots.

Life Cycle

The life cycle of Alaria marcianae was initially
elucidated by Johnson (1968) and then expanded
by Shoop and Corkum (1982 and 1983). The eggs
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are passed in the feces of the final host in an
undeveloped state. After development, the eggs
contain miracidia that possess two pigmented
eyespots. The miracidia then seek out a snail host
of the genus Helisoma in which they develop into
sporocysts. From the sporocysts longifurcous cer-
cariae are released that possess both oral and ven-
tral suckers, a pharynx, unpigmented eyespots,
and well-developed penetration glands. The cer-
cariae penetrate and develop in tadpoles. The
stage in the tadpole is termed a mesocercaria due
to its resemblance to an enlarged cercarial body
without the tail. Mesocercariae are capable of
being passed between carnivorous paratenic
hosts. When the mesocercariae are ingested by
the final host, the mesocercariae typically migrate
through the lungs where they develop through the
metacercarial stage before returning to the intes-
tine where they develop to adults. Eggs are pro-
duced in the feces of cats 19 days after infection.
The work of Shoop and Corkum showed that it is
possible for mesocercariae to be transmitted
between mammalian paratenic hosts by trans-
mammary transmission. Also, if queens become
infected with mesocercariae while nursing they
can pass the infection onto their offspring through
the milk.

Clinical Presentation
and Pathogenesis

There are no reports of Alaria marcianae causing
clinical disease in cats. However, the migration
through the lung could cause migrating tracts
through the lung parenchyma.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating frogs, reptiles, or
small mammals and birds that contain mesocer-
cariae in their tissues. It is also possible for kittens
to become infected through the milk of the queen.
Other hosts of Alaria marcianae include the opos-
sum, Didelphis virginiana, raccoon, Procyon
lotor;, striped skunk, Mephitis mephitis, spotted
skunk, Spiglogale putrorius, red fox, Vulpes fulva,
gray fox, Urocyon cinereoargeteus, and the dog.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the intermediate host, which requires that the
appropriate snail also be available.

Hazards to Humans

There have been reports of Alaria causing disease
in humans. The first report was a single worm in
the eye of a woman from Ontario, Canada (Shea et
al., 1973); it was believed that the woman may
have been infected by rubbing her eyes while
cleaning frog legs for cooking. A second case was
fatal (Fernandes et al., 1976; Freeman et al., 1976)
and also occurred in Ontario. In this case, numer-
ous mesocercariae were recovered from a patient
who was suffering from severe respiratory distress
who ultimately died. The mesocercariae in this
case were identified as those of Alaria americana
(= Alaria canis). It was never determined how the
man became infected although it is suspected that
he may have eaten raw or undercooked frog legs. A
third case involved two intradermal swellings in
the thigh and iliac crest of a man in Louisiana
(Beaver et al., 1977). In this case, the mesocercaria
has been stated to be similar if not identical to that
of Alaria marcianae (Shoop and Corkum, 1981). It
is believed that this man may have become infected
by the ingestion of undercooked game, perhaps a
raccoon. There have been other cases of ocular
infection (McDonald et al., 1994), and a case of a
pulmonary nodule in the lung of a man who ate
undercooked goose meat (Kramer et al., 1996).

Control/Prevention

With cats that hunt, it will be very difficult to pre-
vent infection with this parasite.
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Cynodiplostomum azimi
(Gohar, 1933) Dubois, 1936

Etymology

Cyno (dog) + diplo (two) + stomum (mouth) and
azimi for Dr. Azim.

Synonyms
Diplostomum azimi Gohar, 1933; Cynodiplosto-
mum namrui Kuntz and Chandler, 1956.

History

This trematode was originally described from a
dog in Cairo, Egypt, by Gohar (1933). It was later
placed in the newly created genus Cynodiplosto-
mum by Dubois in 1936.

Fig. 2.17. Cynodiplostomum azimi collected from a
domestic cat in Egypt.

Geographic Distribution
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Egypt.

Location in Host

Small intestine.

Parasite Identification

These are small trematodes that are 0.75 to 1.2 mm
long and about twice as long as they are wide.
They differ from Alaria (described above) in that



2 / THE TREMATODES 97

the tribocytic organ is more circular, the vitellaria
are in the forebody and hindbody, and the ovary is
opposite to the anterior testis rather than anterior to
this testis. Eggs measure 100 to 110 pm by 60 to
67 wm.

Life Cycle

The life cycle of this genus is not known. It is
believed to be similar to Alaria and other related
forms.

Clinical Presentation
and Pathogenesis

There are no reports of clinical disease in cats. The
only report is from the necropsy of stray cats in
Egypt without any mention of clinical presentation.

Treatment
Probably praziquantel, but not reported.

Epizootiology

This parasite was found in 7 of 48 Egyptian cats;
in the same study, it was found in two of three
dogs (Kuntz and Chandler, 1956). A very similar
parasite, Diplostomum tregenna, was reported
from 5 percent of dogs in Cairo (Azim, 1938),
and this may be the same parasite.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the intermediate host, which requires that the
appropriate snail also be available.

Hazards to Humans
None.

Control/Prevention

It is not known what intermediate host harbors the
larval stage, although fish are the suspected host.
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Fibricola minor Dubois, 1936
Etymology

Fibri = fiber + cola = colon and minor for the
small size.

Synonyms

None.

History

This worm was originally described from Aus-
tralian rodents, Hydromys chrysogaster, by
Dubois (1936).

Fig. 2.19. Fibricola texensis collected from the small
intestine of a raccoon inTexas.
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Geographic Distribution
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Seven specimens of this species were collected
from a cat in Ross, Tasmania, Australia (Dubois,
1978). Four of 59 cats (6.8 percent) collected
from the Tasmanian midlands were found to be
infected with this parasite (Gregory and Munday,
1976).

Location in Host

Small intestine.

Parasite Identification

These are small trematodes about 0.5 to 0.75 mm
long. Fibricola differs from Alaria and Cyn-
odiplostomum in that it has no pseudosuckers on
either side of the oral sucker and the testes are
tandem.

Life Cycle

The life cycle of this species is not known. It has
been described for the related American species
Fibricola texensis (Chandler 1942; Leigh, 1954).
Eggs passed into the environment in the feces of
the natural host, the raccoon, require about 2 weeks
of development before they hatch. The miracidium
penetrates a snail of the genus Physa wherein it
produces sporocysts. The cercaria that is produced
is pharyngeate and longifurcate with colorless eye-
spots; the body is covered with small spines. The
cercaria penetrates tadpoles and develops to the
metacercarial stage. The metacercariae have been
experimentally passed to chameleons and frogs by
feeding of metacercariae from tadpoles. In the rac-
coon, the adults developed in 10 days after being

fed metacercariae. Feeding metacercariae of Fibri-
cola texensis to kittens did not result in patent
infections. In Korea, metacercariae of Fibricola
seoulensis harvested from the viscera of a snake,
Natrix tigrina lateralis, have been shown to be
capable of developing to the adult stage in cats
(Hong et al., 1983).

Clinical Presentation
and Pathogenesis

There are no reports of clinical disease in cats. The
only report is from the necropsy of stray cats in Tas-
mania without any mention of clinical presentation.

Treatment
Probably praziquantel, but not reported.

Epizootiology

The rodents serve as the major host of this parasite,
and cats are probably only incidentally infected.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the intermediate host, which requires that the
appropriate snail also be available.

Hazards to Humans

None.

Control/Prevention

It is not known what intermediate host harbors the
larval stage, although frogs and other paratenic
hosts are possibilities.
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Pharyngostomum cordatum
(Diesing, 1850) Ciurea, 1922

Etymology

Pharyngo (pharynx) + stomum (mouth) and cor-
datum for heart shaped.

Synonyms

Hemistomum cordatum Diesing, 1850; Alaria
cordata (Diesing, 1850) Railliet, 1919; Pharyn-
gostomum congolense Van den Berghe, 1939;
Pharyngostomum fausti (Skrjabin and Popov,
1930).

History

This worm was first described from Felis
sylvestris by Diesing (1850). It was considered
solely a parasite of cats until it was discovered in
cheetahs and genets in Africa.

Fig. 2.21. Pharyngostomum cordatum collected
from domestic cat in Taiwan.

Fig. 2.22. Pharyngostomum cordatum collected
from domestic cat in Taiwan. Note the division into
fore- and hindbodies and the ability of the two
body portions to telescope into each other to give
the compressed appearance seen in Fig. 2.22 when
it is compared with Fig. 2.21.

Geographic Distribution

Besides cats of Europe this trematode has been
reported from domestic cats in China (Faust, 1927,
Chen, 1934). It has also been reported from Japan
(Kifune et al., 1967; Kurimoto, 1976) and Korea
(Cho and Lee, 1981). It has been found in the lower
Volga of Russia and in cats from Astrakhan. Skr-
jabin and Popov (1930) described a species
Pharyngostomum fausti from the delta of the Volga;
this is considered a synonym according to Baer and
Dubois (1951). Pharyngostomum cordatum has
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been reported from a cheetah in Tanganika (Baer
and Dubois, 1951) and from a genet in the Congo
(Vanden Berghe, 1939).

Location in Host

Upper small intestine.

Parasite Identification

These trematodes are about 2 to 3 mm long.
Pharyngostomum differs from Alaria, Cyn-
odiplostomum, and Fibricola in that it has a very
large tribocytic organ that fills the hollow on the
ventral surface of the forebody. The egg is 100
wm long and 70 um wide.

The average number of eggs produced by each
worm is about 1,000 per day (To et al., 1988);
thus, a gram of feces from an infected cat harbor-
ing a single fluke would be between 13 to 70 eggs.

Life Cycle

The life cycle of this species was examined by Wal-
lace (1939). Eggs passed into the environment in
the feces of the cat require about 3 to 4 weeks of
development before miracidia bearing pigmented
eyespots hatch. The miracidium penetrates a snail
of the genus Segmentina wherein it produces sporo-
cysts. The cercaria that is produced is pharyngeate
and longifurcate with colorless eyespots; the body
is covered with small spines. The cercaria pene-
trates tadpoles or adult frogs and develops to the
metacercarial stage. Metacercariae can exist in var-
ious paratenic hosts including toads, snakes, turtles,
and shrews. In experimentally infected cats, devel-
oping trematodes were present in the intestine 2
days after treatment. Eggs first appeared in the
feces 31 days after infection; another report found
the prepatent period to be 28 to 34 days (Kurimoto,
1976). Metacercariae recovered from the European
grass snake, Rhabdophis tigrina, in Korea were
shown to be capable of developing to adults in cats
but not in other experimental hosts including mice,
rats, hamsters, ducklings, and a dog; in the cats that
were infected, adult flukes were recovered 5 weeks
after being fed the metacercariae (Chai et al., 1990).

Clinical Presentation
and Pathogenesis

The main clinical sign of pharnygostomiasis is
chronic diarrhea (Sugano, 1985), probably as a

result of a loss of the epithelium at the attachment
sites of the trematodes (Uchida and Itagaki, 1980;
Okada et al., 1984). The trematode imbeds itself
amongst the villi and pulls bits of mucosa into the
anterior spoon-shaped region of the body.

Treatment

Thirty-five cats were treated successfully with
praziquantel (30 mg/kg subcutaneously). The
treatment completely eliminated eggs from the
feces and removed the signs of diarrhea (Fukase
et al., 1987).

Epizootiology

The cat appears to serve as the major host of this
parasite. The metacercaria has been recovered
from the thigh muscles of frogs in Japan
(Kajiyama et al., 1980).

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the intermediate host, which requires that the
appropriate snail also be available.

Hazards to Humans

None.

Control/Prevention

This will be exceedingly difficult in cats that
hunt.
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ECHINOSTOMATIDAE

Another group of trematodes parasitic in the small
intestine of cats are the echinostomatids. Echinos-
tomes are characterized by the possession of a
group of large spines around the oral sucker. Sev-
eral genera have been reported from cats. Typi-
cally, animals become infected with echinostomes
by the ingestion of fish containing metacercariae.

A number of genera have been reported from
cats: Echinochasmus, Episthmium, Stephanoprora,
Artyfechinostomum, Isthmiophora, and Echino-
paryphium. Echinochasmus, Episthmium, and
Stephanoprora are similar in that the collar spines,
a single row, tend to be interrupted dorsally behind
the mouth. Artyfechinostomum, Isthmiophora, and
Echinoparyphium have a double row of spines
around the mouth that is not interrupted dorsally.
The first three genera tend to utilize fish as inter-
mediate hosts, while the latter three species utilize

snails and frogs. The only species that is a parasite
commonly isolated from cats is Echinochasmus
perfoliatus, which is found in cats in Eurasia and
North Africa.

Echinochasmus perfoliatus
(Ratz, 1908) Dietz, 1909

Etymology

Echino (spined) + chasmus (hiatus) (for the dis-
continuous spination) and per (= extremely) +
foliatus (= leaf-like).

Synonyms

Echinostomum  perfoliatum  Ratz, 1908;
Echinochasmus perfoliatus var. shieldsi Tuban-
gui, 1922; Echinochasmus perfoliatus var. japon-
icus Tanabe, 1922; Echinochasmus perfoliatus
var. aegyptius Fahmy et al., 1981.

Fig. 2.24. Echinochasmus perfoliatus collected from
a cat in Egypt.
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History

This worm was originally described from dogs
and cats in Hungary (Ratz, 1908). Further work
has shown it to be present in cats in Russia and
Asia.

Geographic Distribution

This trematode is a common parasite of cats in
Italy, Hungary, Romania, Russia, Egypt, Israel,
and the Far East (Wu, 1938; Fahmy et al., 1981;
Fahmy et al., 1984; Abo-Shady et al., 1983).

Location in Host

Small intestine.

Parasite Identification

This worm is elongate, measuring 1 to 12 mm in
length. The genus Echinochasmus is character-
ized by the possession of a single row of typical
echinostomatid hooks on the anterior collar.
Echinochasmus differs from other genera of echi-
nostomes in that this circle of hooks is discontin-
uous in both the ventral and dorsal aspects of the
body. The testes are large, globose structures that
occur in tandem just posterior to the midline of
the body. The ventral sucker is located at the
beginning of the second third of the body.

The eggs are rather large, being 90 to 135 um
long by 55 to 95 um in width.

Life Cycle

Cats have been experimentally infected by feeding
them fish containing metacercariae (Ciurea, 1922).

The snail intermediate hosts are species of the
freshwater genus Parafossarulus. The cercariae are
of the echinostome type (i.e., they have a tail that
is not forked, oral and ventral suckers, and small
hooks similar to those of the adult arranged in a
row on the head collar). The cercariae enter fish by
being swept into the pharynx, and the metacer-
cariae are found encysted in the gills of numerous
different freshwater fish. The adult forms develop
within 7 to 10 days after the fish is eaten.

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

Humans have been infected with this trematode.
Due to the large number of infected fish it is
believed the infection is less common in people
than might otherwise be the case because of the
location of the metacercariae in the gill tissue of
the fish host, which is often discarded when the
fish is eaten.

Control/Prevention

Prevention of the ingestion of raw fish heads.
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Echinochasmus breviviteilus
Fahmy, Khalifa, Sakla, 1981

This trematode was discovered and described on
the basis of five specimens collected from the
upper part of the small intestine of one naturally
infected stray cat from Assiut, Egypt.
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Echinochasmus liliputanus
(Looss, 1896) Odhner, 1911

This small trematode (hence the name
“liliputanus™) was originally described from a
hawk (Pernis apivorus) and from a kite (Milvus
migrans). It was redescribed from 4 of 27 cats in
Palestine where it was also found in a heron
(Ardea cicerea) (Witenberg, 1932). Most recently,

it was found in 11 of 48 Egyptian cats (Kuntz and
Chandler, 1956).
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Episthmium caninum (Verma,
1935) Chatterji, 1954

Etymology

Epi (dorsal) + isthmium (constriction) (for the
break in the spines around the mouth) and can-
inum for the canine host.

Synonyms

Episthochasmus  caninum  Verma, 1935;
Echinochasmus corvus (Bhalerao, 1926) Gupte
and Pande, 1963. Some consider Episthmium a
subgenus of Echinochasmus;, Gupta and Pande
(1963) thought this parasite to be synonymous
with the species occurring in the crow.

History

This worm was originally described from dogs in
Calcutta (Verma, 1935). This fluke has also been
rarely reported from the cat (Pande, 1973).
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Geographic Distribution
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A rare parasite of cats reported from Lucknow,
India (Pande, 1973).

Location in Host

Small intestine.

Parasite Identification

This worm is elongate, measuring 1 to 2 mm in
length. The genus Episthmium differs from
Echinochasmus in that the vitelline follicles
extend anterior to the ventral sucker.

The eggs are 80 to 85 wm long by 63 to 66 um
wide.

Life Cycle

Not definitely known, probably utilizes fish much
in the same manner as Echinochasmus perfoliatus.

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats probably become infected by eating raw
fish; it may be that the normal host is a bird such
as the crow (Gupta and Pande, 1963).

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

None known.

Control/Prevention
Probably prevention of the ingestion of raw fish.
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Stephanoprora denticulatoides
Isaichikoff, 1925

Etymology

Stephano (crown) + prora (forward) and dentic-
ulatoides (like denticulate, another species of
Stephanoprora described from European birds).

Synonyms

Beaver (1937) considered Stephanoprora denticu-
latoides a synonym of Stephanoprora polycesta.
Kuntz and Chandler (1956) redescribed the para-
site based on worms recovered from cats in Egypt.

History

This worm was originally described from dogs in
the Crimea (Isaichikoff, 1925). The only report
from cats is that of Kuntz and Chandler (1956).
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Geographic Distribution
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Crimea and the Mediterranean coast of Egypt.

Location in Host

Small intestine.

Parasite Identification

This worm is elongate in shape, measuring 0.75 to
1.2 mm in length and being about 10 times longer
than it is wide. The genus Stephanoprora is very
similar to Echinochasmus (see above) and is con-
sidered by some to be a subgenus within
Echinochasmus (Chatterji, 1954). This parasite dif-
fers from Echinochasmus in that the vitellaria of
Stephanoprora are restricted to the posterior part of
the body. Thus, species of Episthmium have anteri-
orly extending vitellaria, species of Echinochas-
mus have vitellaria that extend to the level of the
ventral sucker, and species of Stephanoprora have
vitellaria restricted to the posterior of the body.

The eggs are 100 to 110 um long by 60 to 67
wm in width.

Life Cycle

The life cycle, although not known, is probably
similar to that of Echinochasmus.

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans
None.

Control/Prevention
Prevention of the ingestion of raw fish.
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Artyfechinostomum sufrartyfex
Lane, 1915

Etymology

According to Lane (1915) the worm Artyfechi-
nostomum sufrartyfex was named for Dr. E.
Smythe of Suffry in Assam, India: “By the kind
courtesy of Dr. E. Smythe of Suffry in Assam,
India, of whose kindness the name given to the
parasite is intended as a slight acknowledgment I
have received, on two occasions, consignments of
flukes.” In 1917, Lane wrote that “In mentioning
Artyfechinostomum sufrartyfex Leiper refers to
the name as ‘New and distinctive’; while Odhner
is impelled to call it ‘terrible.’” It would appear
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Fig. 2.30. Artyfechinostomum surfrartyfex collected
from a pig.

therefore to be wise for the future to avoid the
attempt to obtain both the alliteration so useful in
indicating a type species and the complimentary
inclusion of the name of a donor, unless the result
can be reached by a less cacophonous combina-
tion of syllables than was the case in this effort.”

Synonyms

Leiper (1911) is not certain whether or not this
worm is the same as Echinostoma malayanum.
According to Lie Kian Joe (1963a) the two
worms are the same, and he presents a long list of
potential generic and specific synonomies.

History

The first member of this genus was recovered
from a girl in Assam, India, and named
Artyfechinostomum sufrartyfex Lane, 1915.
Other specimens described as Echinostoma
malayanum have been recovered from humans
in Malaysia, Thailand, North Sumatra, and the
Sino-Tibetan border.

Geographic Distribution

India; this parasite was reported from 1 cat out of
110 cats that were surveyed (Rajavelu and Raja,
1989). If the parasite is the same as Echinostoma
malayanum, the range extends into southeast
Asia.

Location in Host

Small intestine.

Parasite Identification

The flukes are 8 to 11 mm in length. The genus is
characterized by the body being enlarged posteri-
orly. The ventral sucker is large. The testes are in
the posterior part of the body, tandem, and deeply
lobed. The eggs are about 120 to 130 um long and
about 80 to 90 um in diameter.

Life Cycle

Unknown. However, based on the life cycle of Echi-
nostoma malayanum, it would appear that the typi-
cal host is the pig. Artyfechinostomum surfrartyfex
has been recovered from pigs in India (Bhalerao,
1931). It seems that this host utilizes two different
snails as the intermediate hosts and that pigs become
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infected by ingesting the second snail host that con-
tains metacercariae. When there are no pigs present,
the cycle can be maintained in the wild rat popula-
tion. Metacercariae can also be found in tadpoles
and frogs, and it has been postulated that this is how
dogs become infected (Lie Kian Joe, 1963b). It
would seem that this is how cats also might obtain
an infection with this parasite.

Clinical Presentation
and Pathogenesis

In humans, infection has been associated with
vomiting (Lane, 1915), but in a light infection in
a 5-year-old child, there were no special signs of
infection (Lie Kian Joe and Virik, 1963). It is
thought to be asymptomatic in cats.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Normal host not known.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the second snail or amphibian paratenic inter-
mediate host, which requires that the two appro-
priate snails be available. Thus, infection of these
other hosts will typically only occur in the wild.

Hazards to Humans

This trematode has been reported on one occasion
from an 8-year-old girl. She vomited one worm
and passed 62 after treatment.

Control/Prevention

Cats are probably being infected by eating
infected frogs, tadpoles, or snails. This is an infec-
tion that would be very difficult to control in cats
that enjoy hunting.
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Isthmiophora melis (Schrank,
1788) Liihe, 1909

This trematode, along with Euparyphium beaveri
and Echinostoma melis, make up a group that is
mainly a parasite of otters and badgers that on rare
occasions find their way into dogs. It seems that it
is also possible that this trematode could be found
in cats. The life cycle, like that of Artyfechinosto-
mum, appears to involve infection via the ingestion
of frogs, which is how cats are likely to be infected.

Echinoparyphium Dietz, 1909
Specimens identified as belonging to the genus
Echinoparyphium were recovered from 16 of 59
cats in the midlands of Tasmania (Gregory and
Munday, 1976). The species of fluke was not identi-
fied, and no pathology or signs due to the parasites
were described. The life cycle of these parasites also
involves tadpoles and frogs as intermediate hosts.
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HETEROPHYIDAE

Another major group of trematodes that is found in
the small intestine of cats is the heterophyids. This
family of trematodes is characterized by a very
small body in the adult fluke and a fusion of the
male and female reproductive tracts just prior to
exit from the body to form a hermaphroditic duct.
There are many genera within this family, and
numerous species have been reported from the cat.
Cats become infected by the ingestion of fish or
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sometimes amphibia that contain the metacer-
cariae. The fish are infected by a swimming cer-
carial stage that typically has eyespots and a long
tail and that penetrates the skin of the fish host. The
adults of this trematode family seem to be able to
develop in a number of different hosts, both birds
and mammals, and thus the same species is often
found in several different host species as an adult.

There are 10 subfamilies of heterophyids repre-
sented in cats. The differences are mainly morpho-
logic. The first, the Apophallinae, are characterized
by having their vitellaria distributed throughout the
posterior part of the body and no spines on the oral
sucker. The second subfamily, the Ascocotylinae,
has an oral sucker that has a cone-shaped extension
into the esophagus of the adult fluke and the pres-
ence of a circumoral crown of spines. This sub-
family, according to Soganderes-Bernal and Lums-
den (1963), is represented by a single genus
Ascocotyle; this single genus incorporates many of
the parasites of the cats that were originally
reported under the generic names Parascocotyle
and Phagicola. The third subfamily, the Centroces-
tinae, is characterized by a small circle of spines
around the oral sucker that has no esophageal
extension. The Cryptocotylinae are much like the
Centrocestinae, but there are no spines around the
mouth. The Euryhelminthinae are characterized by
the possession of bodies that are wider than they
are long. The Galactosominae are characterized by
having an elongate body, by the uterus extending
all the way to the posterior of the body, and by rel-
atively large oral suckers. The Haplorchiinae are
identified by their possession of a single testis. The
Heterophyinae are characterized by their posses-
sion of an extra ventral sucker that is next to the
ventral sucker and that is used in copulation. The
Metagoniminae are characterized by their having
an oral sucker that is rather small and subterminal
and with the genital opening and ventral sucker
often being off the midline of the body. The tenth
group, the Stictodoriinae, is characterized by hav-
ing a subterminal oral sucker and a ventral sucker
that is a nonsuctorial organ with numerous spines
that project into the genital opening.
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Apophallinae

There are three representatives of this subfamily
that have been reported from cats. Some might
consider the two species Apophallus donicus and
Apophallus venustus the same species. These two
species are not uncommon in cats that eat fish.
The other species, Apophallus muehlingi, is prob-
ably a parasite of gulls that is capable of develop-
ing in the cat under appropriate conditions.

Apophallus donicus
(Skrjabin and Lindtrop, 1919)
Cameron, 1936

Etymology

Apo (away from) + phallus (phallus) (the opening
of the genital sinus is anterior to the ventral
sucker) and donicus for the Don River.

Fig. 2.32. Apophallus donicus from a cat in Europe.




2 / THE TREMATODES 109

Synonyms

Rossicotrema donicum Skrjabin and Lindtrop,
1919; Tocotrema donicum (Skrjabin and Lindtrop,
1919) Witenberg, 1929; Apophallus donicus (Skr-
jabin and Lindtrop, 1919) Price, 1931.

History

This trematode was described by Skrjabin and Lin-
trop (1919) from specimens collected from cats and
dogs in Russia under the name Rossicotrema don-
icum. There has been considerable debate over the
validity of the genus and even the species. How-
ever, using the classification of Cameron (1936)
(see the history of Apophallus venustus, below), it
would appear that there are two distinct species that
conveniently fit within the genus Apophallus that
was originally created by Liihe (1909).

Geographic Distribution

Russia and other parts of Europe. It was reported in
1966 from a cat in the Netherlands (Jansen, 1966).

Location in Host

Small intestine.

Parasite Identification

This worm is less than 1.14 mm in length. The ven-
tral sucker is small, the large, globular testes are
located obliquely in the posterior of the body, and
the vitellaria extend only to the ventral sucker. The
eggs are 35 to 40 um long by 26 to 32 wm in width.
Supposedly, this species differs from Apophallus
venustus in that the vitellaria in Apophallus don-
icus remain lateral, while those in Apophallus
venustus are continuous across the body.

Life Cycle

The life cycle was examined by Ciurea (1933).
When cats were fed freshwater fish containing the
metacercarial stage, eggs were present in the uteri
of the developed adult worms within 2.5 days
after infection.

Clinical Presentation
and Pathogenesis

Thought to be asymptomatic although it is
expected that the small trematodes deeply embed-
ded within the small intestinal mucosa may cause
some pathology.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Animals
other than the cat that have been shown to serve
as hosts of the adult fluke include the dog, fox
(Vulpes lagopus), and weasel (Mustela sarmat-
ica.) It has also been found in numerous piscivo-
rous birds: Mergus merganser, Nycticorax nycti-
corax, Buteo buteo, and Ciconia ciconia.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

None. Humans theoretically could become
infected if they ingested an infected piscine host.

Control/Prevention

Prevention of the ingestion of raw fish.

REFERENCES
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Apophallus venustus (Ransom,
1920) Cameron, 1936

Etymology

Apo (away from) + phallus (phallus) (the genital
opening is anterior to the ventral sucker) and
venustus (= handsome, comely in appearance).

Synonyms

Cotylophallus  venustus ~ Ransom,  1920;
Tocotrema donicum (Skrjabin and Lindtrop,
1919) Witenberg, 1929; Apophallus donicus (Skr-
jabin and Lindtrop, 1919) Price, 1931; Rossi-
cotrema venustus (Ransom, 1921) Ciurea, 1933.

History

Cameron (1936) considered Apophallus venustus
a species distinct from its European counterpart
Apophallus donicus. The morphological distinc-

Fig. 2.34. Apophallus venustus from a cat in
Washington, D.C.

tions that he noted were in the anterior extent of
the vitellaria (to the esophageal bifurcation in
Apophallus venustus, to the ventral sucker in
Apophallus donicus), Apophallus venustus having
a body that is slightly longer and having eggs that
are slightly larger.

Geographic Distribution
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North America, mainly eastern North America.
The Alaskan fox from which it was originally
described was from the National Park Zoo in
Washington, D.C. The original description also
included specimens collected from a cat in the
Washington, D.C., area (Ransom, 1920).

Location in Host

Small intestine.

Parasite Identification

This worm is small, less than 1.44 mm in length,
but typically slightly larger than Apophallus don-
icus. The ventral sucker is small, the large, glob-
ular testes are located obliquely in the posterior of
the body, and the vitellaria extend anterior to the
ventral sucker, often to the level of the esophageal
bifurcation.

The eggs are 26 to 32 um long by 18 to 22 um
in width.

Life Cycle

The life cycle was examined by Cameron (1937).
The snail Goniobasis livescens becomes infected
by ingesting the embryonated egg from which the
miracidium then hatches. From the stages in the
snail, cercariae are produced that have long,
unbranched tails, with flanges, and pigmented
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eyespots. These cercariae penetrate the skin of
fish and then produce metacercariae in the mus-
culature. Cats become infected by ingesting the
infected freshwater fish (e.g., catfish and sunfish).
The prepatent period appears to be 1 to 3 weeks,
and the adult flukes appear to live only a few
months.

Clinical Presentation
and Pathogenesis

Thought to be asymptomatic even though the para-
site becomes embedded in the mucosa of the ilium.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Animals
other than the cat that have been shown to serve
as hosts of the adult fluke include the dog, rac-
coon (Procyon lotor), Alaskan fox (Vulpes lago-
pus), harbor seal (Phoca vitulin), and the great
blue heron (Ardea herodias).

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

None. Humans theoretically could become
infected if they ingested an infected piscine host.

Control/Prevention

Prevention of the ingestion of raw fish.

REFERENCES
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trematode, Apophallus venustus (Ransom, 1920)
in Canada. Part I. Morphology and taxonomy. Can
J Res 14:59-69.
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Apophallus muehlingi
(Jagerskiold, 1899) Liihe, 1909

This trematode (called Tocotrema muehlingi by
Looss, 1899) is usually reported from gulls. It has
also been reported once from an infected cat in
Europe (Witenberg, 1929).

REFERENCES
Witenberg G. 1929. Studies on the trematode family

Heterophyidae. Ann Trop Med Parasitol
23:131-239.
Ascocotylinae

The Ascocotylinae is a group of trematodes that
is characterized by an elongation of the oral
sucker (Fig. 2.38). The genus Ascocotyle now
contains worms that were previously included in

Fig. 2.37. Metacercariae of an Ascocotyle sp. viewed
in a histological section of a gill of a killifish
(Fundulus sp.).
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Fig. 2.38. Ascocotyle chandleri from a roseatte
spoonbill (Ajaia ajaja). Note the elongated oral
sucker.

the genera Phagicola, Leighia, and Parasco-
cotyle. There are seven different species of Asco-
cotyle that have been reported from cats. All
these trematodes gain access to cats through the
cats’ ingestion of fish containing the metacercar-
ial stage. It appears that many of these trema-
todes are parasites of other animals but that they
are capable of developing in the cat if it happens
to ingest the infected fish.

Ascocotyle ascolonga
(Witenberg, 1929)
Travassos, 1930

Etymology

Asco (tube) + cotyle (disk) (referring to the shape
of the anterior sucker being elongated within the
body) and asco (tube) + longus (long).

Synonyms
Parascocotyle ascolonga Witenberg, 1929; Phagi-
cola ascolonga (Witenberg, 1929) Price, 1932.

History

This parasite was originally described from spec-
imens collected in small numbers from dogs and
cats in Palestine (Witenberg, 1929).

Geographic Distribution

Palestine. This fluke has been reported from
Egypt (Azim, 1938) where it was also collected
from 17 of 48 cats under the name Phagicola
ascolonga (Witenberg, 1929) Price, 1932 (Kuntz
and Chandler, 1956).

Location in Host
Small intestine.

Parasite Identification

This small fluke is 0.5 to 0.7 mm in length with a
width of 0.1 to 0.3 mm. The body is covered with
small, scale-like spines. The oral aperture is sur-



2 / THE TREMATODES 113

rounded by a single row of 16 large spines. There
is a funnel-like appendix on the oral sucker that
has been the basis for the various other generic
placements of this species. The testes lie side by
side in the hind extremity of the body.

The eggs are 18 um long by 9 um in width,
have thin shells, are somewhat narrowed anteri-
orly, and have distinctly visible opercula.

Life Cycle

Dogs were experimentally infected by feeding
them brackish-water fish (Tilapia simonis and
Tilapia galilea) that contained metacercariae
(Witenberg, 1929).

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology
Cats probably are infected by eating raw fish.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

None. Humans theoretically could become
infected if they ingested an infected piscine host.

Control/Prevention
Prevention of the ingestion of raw fish.

REFERENCES

Azim MA. 1938. On the intestinal helminths of dogs in
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Kuntz RE, Chandler AC. 1956. Studies on Egyptian
trematodes with special reference to the hetero-
phyids of mammals. I. Adult flukes, with descrip-
tions of Phagicola longicollis n. sp., Cynodiplosto-
mum namrui n. sp., and a Stephanoprora from
cats. J Parasitol 42:445-459.

Witenberg G. 1929. Studies on the trematode family Het-
erophyidae. Ann Trop Med Parasitol 23:131-239.

Ascocotyle longicollis (Kuntz
and Chandler, 1956)
Soganderes-Bernal and
Lumsden, 1963

Etymology

The longicollis refers to the length of the elonga-
tion of the oral sucker.

Synonyms
Phagicola longicollis Kuntz and Chandler, 1956.

History

This parasite was originally described from spec-
imens collected from 22 of 48 cats in Egypt.

Geographic Distribution
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Fig. 2.40.
Egypt.

Location in Host

Small intestine.

Parasite Identification

This fluke is 0.6 to 1 mm in length. The oral
sucker bears approximately 20 hooklets and leads
into the conical prepharynx that is characteristic
of this genus. The genital opening is just anterior
to the ventral sucker, which is at the beginning of
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the posterior third of the body. Most of the repro-
ductive organs are posterior to the ventral sucker.
The paired testes are symmetrical and located at
the posterior end of the body.

The eggs are 18 to 20 um long by 10 um in
width.

Life Cycle

Cats were found to be naturally infected with this
parasite. Adult worms were recovered from dogs
fed brackish-water fish (Mugil and Telapia
species) containing metacercariae (Fahmy and
Selim, 1959).

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats probably become infected by eating raw fish
with the parasite. Dogs also seem to serve as final
hosts.

Hazards to Other Animals

None. Although dogs are also infected, the major
means of infection is through the ingestion of the
fish intermediate host, which requires that the
appropriate snail also be available. Thus, infec-
tion of these other hosts will typically only occur
in the wild.

Hazards to Humans

None. Humans theoretically could become
infected if they ingested an infected piscine host.

Control/Prevention

Prevention of the ingestion of raw fish.

REFERENCES

Fahmy MAM, Selim MK. 1959. Studies on some
trematode parasites of dogs in Egypt with special
reference to the role played by fish in their trans-
mission. Z Parasitenk 19:3-13.

Ascocotyle minuta
Looss, 1899

Etymology

Asco (tube) + cotyle (disk) (referring to the shape
of the anterior sucker being elongated within the
body) and minuta (small) (referring to the small
size).

Synonyms
Phagicola minuta (Looss, 1899) Faust, 1920;

Parascocotyle minuta (Looss, 1899) Stunkard
and Haviland 1924.

History

This parasite was originally described from dogs
and cats in Egypt; it was also found at this time in
a heron, Ardea cinerea.

Geographic Distribution
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Egypt.

Location in Host
Small intestine.

Parasite Identification

This small fluke is less than 0.5 mm in length.
The oral sucker bears approximately 18 to 20
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hooklets and leads into the conical prepharynx
that is characteristic of this genus. The genital
opening is just anterior to the ventral sucker.
Most of the reproductive organs are posterior to
the ventral sucker. The paired testes are symmet-
rical and located at the posterior end of the body.

The eggs have a golden brown shell and are 23
to 24 um long by 14 um in width.

Life Cycle

Assumed to use a piscine intermediate host.

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology
Cats probably become infected by eating raw fish.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

None. Humans theoretically could become
infected if they ingested an infected piscine host.

Control/Prevention

Prevention of the ingestion of raw fish.

REFERENCES

Looss A. 1899. Weitere Beitrige sur Kenntnis der
Trematodenfauna Aegyptens, zugleich Versuch
einer natiirlichen Gliederung des Genus Distomum
Retzius. Zool Jahrb Syst 12:521-784.

Ascocotyle angrense
Travassos, 1916

This parasite was originally described from a
heron, Butorides striata, in Brazil. The only
report of this parasite from the small intestine of
a cat is from an experimental infection (Sogan-
dares-Bernal and Lumsden, 1963). The parasite is
distributed along the east coast of North America,
Yucatan, and Rio de Janeiro, Brazil. This small
fluke is 0.46 to 0.79 mm in length with an oral
sucker bearing approximately 20 hooklets. The
eggs are 16 to 24 um long by 16 to 20 um in
width. Cats were experimentally infected with
this trematode when fed fish (poeciliid and cypri-
odont) gills that contained metacercariae in their
filaments. The prepatent period in cats is not
stated, but rats passed eggs within 48 hours after
exposure. Clinical signs in the experimental ani-
mals were not monitored. Natural hosts include a
long list of fish intermediate hosts (e.g., Fundu-
lus, Lucania, and Mollienesia), and as final hosts,
a long list of birds and mammals (e.g., wood
duck, Aix sponsa, egret, Casmerodius albus,
muskrat, Ondatra zibethicus, raccoon, and rat,
Rattus norvegicus).

REFERENCES

Sogandares-Bernal F, Lumsden RD. 1963. The generic
status of the heterophyid trematodes of the Asco-
cotyle complex, including notes on the systematics
and biology of Ascocotyle angrense Travassos,
1916. J Parasitol 49:264-274.
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Ascocotyle longa
Ransom, 1921

This parasite was originally described from an
Alaskan fox (Vulpes lagopus) that died in the
National Zoo in Washington, D.C. It has been
reported from dogs in Cairo and Alexandria (Azim,
1938). However, others have felt that this was a
misidentification of a species that they described as
Phagicola longicollis (see above) (Kuntz and
Chandler, 1956). Cats were experimentally infected
with Venezuelan mullet meat containing parasites
identified as Phagicola longa (Conroy, 1986).
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Ascocotyle pachycystis
Schroeder and Leigh, 1965

As part of the study of the life cycle of this para-
site that typically infects raccoons, kittens were
experimentally infected (Schroeder and Leigh,
1965). Littotadinops tenuipes is the snail in which
development occurs. The cercariae that are pro-
duced have pigmented eyespots and short
unbranched tails with lateral fins. These cercariae

penetrate the fins of brackish-water fish (Cyprin-
odon variegatus) and then migrate to the bulbus
arteriosus of the heart where very large numbers
might occur. When kittens were fed fish contain-
ing metacercariae, some developed infections
while others appeared refractory.

REFERENCES

Schroeder RE, Leigh WH. 1965. The life history of
Ascocotyle pachycystis sp. n., a trematode (Dige-
nea: Heterophyidae) from the raccoon in south
Florida. J Parasitol 51:594-599.

Ascocotyle arnoldoi
(Travassos, 1928) Soganderes-
Bernal and Lumsden, 1963

This worm was originally described from mice,
dogs, and an albatross. However, this trematode has
been reported from 3 percent of cats in Sdo Paulo,
Brazil and in 6 percent of cats in Chile. Clinical
signs due to this worm have not been described.
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Centrocestinae

The Centrocestinae is characterized by a fairly
large oral sucker that has a double crown of
spines. The body is small, and oval to pear
shaped. These parasites are transmitted to cats
through the ingestion of freshwater fish. Included
here with Centrocestus, the type genus of this
subfamily, are also two genera of heterophyid
trematodes that others are likely to place in other
subfamilies. These two genera, Pygidiopsoides
and Pygidiopsis, have characters that are some-
what Centrocestus-like, and for the sake of sim-
plicity, it seemed warranted to use the more gen-
eral treatment of lumping the three genera
together. These latter two genera appear to be
transmitted by brackish-water fish.

Centrocestus caninus
Leiper, 1913

Etymology

Centro (spined) + cestus (girdle) (for a ring of
small spines around the oral opening) and cani-
nus for the canine host.

Synonyms

Centrocestus  cuspidatus  Leiper, 1913;
Stephanopirumus longus Onji and Nishio, 1916;
Stamnosoma formosanum Nishigori, 1924; Cen-
trocestus yokogawai Kobayasi, 1942.

History

This parasite was first described by Leiper from a
dog in Taiwan (Leiper, 1913).

Geographic Distribution
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This parasite has been reported from Egypt, the
islands of Taiwan and Hainan, and from Malaysia
(Chen, 1941; Rohde, 1962).

Location in Host

Small intestine.

Parasite Identification

This small worm has two rows of spines (a total
of 30 to 36 spines) on the oral sucker. The testes
are terminal and the vitellaria do not extend into
the middle of the body.

The eggs are 33 um long by 16 to 17 um in
width; the eggs are relatively thin shelled and
bear minute spines.

Life Cycle

The life cycle has been examined by Nishigori
(1924) and Chen (1941). The miracidia develop in
snails of the genus Semisulcospira, and the simple-
tailed cercariae with eyespots encyst in the gills of
various freshwater fish, including Macropodus
opervularis, Puntius semifasciolatus, Carassius
auratus, and Misgurnus anguillicaudatus, and in
the stomach wall and muscle of frogs, Rana lim-
nocharis, and toads, Bufo melanostictus. When cats
were experimentally infected, eggs were present 11
to 17 days after the cats were fed metacercariae.

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish or frogs.
Animals other than the cat that have been shown
to serve as hosts of the adult fluke include the var-
ious herons and egrets. Humans and dogs have
been experimentally infected through the feeding
of infected fish.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
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infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

Humans have been experimentally infected by
feeding them fish containing the metacercarial
stage of this parasite.

Control/Prevention

Prevention of the ingestion of raw fish.
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Pygidiopsis genata
Looss, 1907

Etymology

Pygidiopsis (pygid = posterior; opsi = late) along
with genata (referring to the genital opening).

Fig. 2.47. Pygidiopsis genata from the small
intestine of a domestic cat in Cairo, Egypt.

Synonyms
None.

History

This parasite was described by Looss (1907) from
specimens recovered from a pelican, Pelecanus
onocrotalus.

Geographic Distribution

Naturally infected cats have been found in
Europe, Egypt (29.2 percent of stray cats in
Dakahlia) (Abo-Shady et al., 1983), and Asia.

Location in Host

Small intestine.

Parasite Identification

The posterior end of the body is wider than the ante-
rior. The entire body is covered with small spines.
Pygidiopsis has two symmetrical testes and a single
gonotyl. The worm is 0.4 to 0.7 mm long and 0.2 to
0.4 mm wide. The body is covered with small
spines, and 16 larger spines surround the mouth.
The eggs are 18 to 22 um long by 9 to 12 um wide.

Life Cycle

The snail intermediate host is Melania tubercu-
lata. The cercariae have a dorsal fin and eyespots.
The cercariae encyst in brackish-water fish of the
genus Tilapia (Boulos et al., 1981). Cats have
been experimentally infected by the feeding of
infected fish.

Clinical Presentation and Pathogenesis
Thought to be asymptomatic.
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Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Chicks
have also been shown to serve as experimental
hosts of this trematode, and it is likely that the
natural host is a marine bird.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

Humans have been reported to be infected with this
parasite in Egypt (Boulos et al., 1981). Infections
were probably acquired by the ingestion of raw fish.

Control/Prevention

Prevention of the ingestion of raw fish.
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Pygidiopsis summa Onji
and Nishio, 1916

This small trematode (0.3 to 0.5 mm long by
about 0.2 mm wide) has been found in the small
intestine of cats in Japan and Korea (Eom et al.,
1984). It has also been reported from avian
hosts. In Korea, human infections have been
reported in a patient with a history of eating the
flesh of raw, brackish-water fish (Seo et al.,
1981). After they were treated, patients passed
up to 4,000 of these. The eggs are 18—-20 um by
9-11 pum.
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Pygidiopsoides spindalis
Martin, 1951

This parasite, Pygidiopsoides (Pygidiopsis-like)
along with spindalis (referring to the spindle-
shaped body), was described from adults recov-
ered from the small intestines of cats and chicks
fed metacercariae from fish in southern California.
Because this parasite has only one testis, it has
been placed by some in the subfamily Haplorchi-
inae; however, based on larval morphology, it
appears more related to members of the Centro-
cestinae (Martin, 1964). This worm is distin-
guished from the other members of the Centroces-
tinae by the presence of a common muscular
genital ejector. Unlike specimens of Pygidiopsis,
this trematode has a single testis and two gonotyls.
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Pygidiopsoides spindalis adults are 0.22 to 0.43
mm long and 0.06 to 0.10 mm wide. The body is
covered with small spines, and 14 spines sur-
round the mouth. The eggs are 26 to 28 um long
by 13 to 15 um wide.

Life Cycle

The life cycle has been examined by Martin
(1951, 1964). The miracidia develop in snails,
Certhidea californica, that live in intertidal areas.
The cercariae have simple tails without fins and
two large eyespots. The cercariae penetrate the
gills of brackish-water fish, Fundulus parvipin-
nis, and they work their way to the body process
of the gill where they encyst. The adult trema-
todes were recovered from cats 4 to 6 days after
being fed infected fish.
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Cryptocotylinae

This subfamily of heterophyids is characterized
by the possession of a large genital atrium that
incorporates the ventral sucker. There are three
species of this parasite that have been recovered
from the cat.

Cryptocotyle lingua (Creplin,
1825) Fischoeder, 1903

Etymology

Crypto (hidden) + cotyle (disk) (for the small ventral
sucker being incorporated, hidden within, the mus-
cular ring of small spines around the oral opening)
and lingua for the tongue-like shape of the body.

Synonyms
Hallum caninum Wigdor, 1918.

History

This parasite was first described by Creplin in
1825 and placed by Fischoeder in the genus
Cryptocotyle in 1903.

Geographic Distribution

This parasite has been reported from North Amer-
ica (Burrows and Lillis, 1965), Europe, and Asia.

Location in Host
Small intestine.

Parasite Identification

This small worm (1.29 to 1.46 mm long by 0.59
to 0.77 wide) differs from Cryptocotyle con-
cavum in that the body is more tongue-shaped.

The eggs are 34 to 38 um long by 16 to 20 um
in width.

Life Cycle

The typical final hosts are gulls and terns. The
life cycle was examined by Stunkard (1930) and
by Stunkard and Willey (1929), who experimen-
tally infected cats. The snail hosts are the brack-
ish-water and seawater snails Littorina littorea
and Littorina rudis. The cercariae that are
released encyst in cunner and other saltwater
fish. Cats become infected by eating the brack-
ish-water fish. The worms rapidly grow to adults,
producing patent infections in a week to 20 days.

Clinical Presentation
and Pathogenesis

Although experimental infections in cats pro-
duced worm development between the intestinal
villi, no clinical signs developed.

Treatment
Probably praziquantel, but not reported.
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Epizootiology

Cats, like the typical bird hosts, become infected
by eating raw fish. Animals other than the cat that
have been shown to serve as hosts of the adult
fluke include the dog.

Hazards to Other Animals

None. Although other hosts are infected, the
major means of infection is through the ingestion
of the fish intermediate host, which requires that
the appropriate snail also be available. Thus,
infection of these other hosts will typically only
occur in the wild.

Hazards to Humans

Humans could possibly be infected if they
ingested the fish intermediate host.

Control/Prevention
Prevention of the ingestion of raw fish.
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Cryptocotyle quinqueangularis
(Skrjabin, 1923)

Etymology

Crypto (hidden) + cotyle (disk) (for the small ven-
tral sucker being incorporated, hidden within, the
muscular ring of small spines around the oral
opening) and quinqueangularis for the five-sided
nature of this worm.

Synonyms
Ciureana quinqueangularis (Skrjabin, 1923).

History

This parasite was first described by Skrjabin
from specimens recovered from domestic cats in
the former USSR.

Geographic Distribution

Fig. 2.52.

This parasite has been reported from the former
USSR.

Location in Host
Small intestine.

Parasite Identification

This small worm differs from the other species of
Cryptocotyle in that the body is five sided and has
vitellaria extending anteriorly to the level of the
intestinal bifurcation.

The eggs tend to be lopsided (i.e., the ovals are
longer on one side than the other). The dimen-
sions are 38 um long by 15 wm in width.

Life Cycle

The typical final hosts are probably gulls and
terns; however, the only specimens recovered
have been from the cat.

Clinical Presentation and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology
Cats probably become infected by eating raw fish.

Hazards to Other Animals

None known.

Hazards to Humans

Humans could possibly be infected if they
ingested the presumed fish intermediate host.
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Control/Prevention
Probably the prevention of the ingestion of raw fish.

REFERENCES
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Cryptocotyle concavum
(Creplin, 1825) Liihe, 1899

This species of Cryptocotyle was named con-
cavum for its concave body shape. Cryptocotyle
echinata (Linstow, 1878) is a synonym for this
first species of Cryptocotyle to be described.
Specimens have been collected from birds in
Europe, North Africa, and North America. The
flukes are found in the small intestine and are
about 1 mm long with an oval body containing
vitellaria that extend anteriorly to a midpoint
between the ventral sucker and the bifurcation of
the intestine. The eggs are 34 to 38 um long by 16
to 20 um in width. It has been shown that cats can
be infected if they are fed infected fish.
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Euryhelminthinae

This subfamily of the Heterophyidae is composed
of wide-bodied trematodes that are typically
found in mustelid hosts. These trematodes appear
to use amphibians as the host that contains the
metacercarial stage.

Fig. 2.54. Euryhelmis squamula from a raccoon in
Georgia, USA. Note the wide body of this genus of
organisms.

Euryhelmis squamula
(Rudolphi, 1819) Poche, 1926

Etymology

Eury = wide and helmis = worm; squamula refers
to the scale-like shape of the body.

Synonyms
Eurysoma of Dujardin, 1845; the name was
already used for other organisms.

History

This fluke is known from mustelids and foxes in
Europe and from mustelids and raccoons in North
America. The metacercariae were first found
encysted under the skin of a frog (Zeller, 1867).

Geographic Distribution

Fig. 2.55.
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This trematode appears to have a holarctic distri-
bution having been found in Europe and North
America.

Location in Host
Small intestine.

Parasite Identification

The genus Euryhelmis is characterized by being a
very wide trematode. This trematode differs from
Euryhelmis monorchis in that it possesses two
testes. The trematodes are about 1 mm long by 1
mm in width.

Life Cycle

The life cycle was elucidated by Anderson and
Pratt (1965). The snail used by the parasite in
Oregon was Bythinella hemphilli. The cercariae
produced were found to have a tail that was one-
third longer than the body with a dorsal fin fold.
The cercariae penetrated and encysted under the
skin of frogs (Ascaphus truei and Rana aurora).
Metacercariae have also been recovered from the
newt (Triturus cristatus) and toads. Cats have
been experimentally infected by being fed meta-
cercariae (Mclntosh, 1936).

Clinical Presentation
and Pathogenesis
Thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats would become infected by eating raw frogs,
toads, or newts.

Hazards to Other Animals

None known; however, due to the requirements for
two intermediate hosts, it is unlikely that an infected
cat would pose a direct threat to other animals.

Hazards to Humans

Humans might be infected if they were to eat
uncooked or improperly cooked frog legs.

Control/Prevention
The prevention of the ingestion of amphibia.
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Euryhelmis monorchis
Ameel, 1938

This trematode parasite (Eury = wide and helmis =
worm along with monorchis = single testis) is a
parasite of mink in North America (Fig. 2.56). The
worm tends to be wider (0.6 mm) than long (0.4
mm). It resembles the parasite, Euryhelmis squa-
mula of the European polecat, Putorius putorius.
The life cycle involves a freshwater snail, Poma-
tiopsis lapidaria, along with frogs, Rana cla-
matans, Rana pipiens, and Rana palustris as the
second host (Ameel, 1938). A cat was experimen-
tally infected with this parasite by feeding it meta-
cercariae, and cats could perhaps become naturally
infected. The eggs are operculate, are undeveloped
when laid, and measure 29 um by 14 um.
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Fig. 2.57. Euryhelmis monorchis from an
experimentally infected white rat. The large single
dark testis can be observed on the right side of this
specimen.

Euryhelmis pacifica Senger
and Macy, 1952

This trematode parasite was found in mink and
muskrats in Oregon (Senger and Macy, 1952). The
specimens were described as a new species due to
their being pyriform rather than flat in shape. The
difference is such that the species can easily be dis-
tinguished in mixed infections (Schell, 1964). The
metacercariae are found in the Pacific giant sala-
mander, Dicamptodon ensatus, and in the tailed
frog, Ascaphus truei. When metacercariae from the
frogs were fed to cats, the cats were found to harbor
adult specimens of this fluke 30 days after infection.

Senger CM, Macy RW. 1952. Helminths of northwest
mammals. Part III. The description of Euryhelmis
pacificus n. sp., and notes on its life cycle. J Para-
sitol 38:481-486.

Galactosominae

This subfamily of the Heterophyidae is charac-
terized by its possession of an elongate body
with a well-developed oral sucker. The testes are
tandem in the posterior of the body posterior to
the ovary.

Galactosomum fregatae
Prudhoe, 1949

This trematode parasite (Galacto = milk and
somum = body) (Fig. 2.60) was originally col-
lected from a magnificent frigate bird (Fregata
magnificens) in the West Indies. This parasite
was also described from 3 of 110 stray cats
examined in Madras, India (Rajavelu and Raja,
1988). Other species of this genus are found in
gulls. Related species develop in marine snails,
and the monostomate, very long-tailed cercariae
enter and encyst in the brain of mullet, Mugil
auratus. Birds, and probably the cat, become
infected by the ingestion of infected brackish-
water fish.

Fig. 2.58.
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Fig. 2.60. Galactosomum fregatae from the intestine
of a pelican in Panama.

Haplorchiinae

This subfamily of heterophyids is characterized by
the possession of a single testis, although one of the
genera in this family, Stellantchasmus, actually has
two testes. There are three genera within this sub-
family, Haplorchis, Procerovum, and Stellantchas-
mus. Procerovum specimens differ from those of
Haplorchis in that they possess a highly muscular
ejaculatory duct called an expulsor. Stellantchas-
mus specimens differ from those of Haplorchis and
Procerovum in that they possess two testes while
possessing an expulsor as in Procerovum.

Haplorchis pumilio (Looss,
1896) Looss, 1899

Etymology

Haplorchis = single testis and pumilio = a dwarf.

Fig. 2.61. Haplorchis pumilio from the small
intestine of a domestic cat in Cairo, Egypt. Note the
large single testis in the posterior of the body.

Synonyms

Monostomum pumilio Looss, 1896; Monor-
chotrema taihokui Nishigori, 1924; Haplorchis
taihokui Yamaguti, 1958; H. milvi Gohar, 1934;
and Kasr aini Khalil, 1932.

History

This fluke was originally described from a pelican,
Pelecanus onocrotalus, and a kite, Milvus migrans,
in Cairo, Egypt. Haplorchis pumilio has been
described from numerous hosts as a new species; it
has also been confused with other species (i.e., Hap-
lorchis taichui) and with parasites in other genera
(i.e., Stellantochasmus falcatus) (Pearson, 1964).

Geographic Distribution
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This trematode has a wide distribution. It has
been reported from Egypt, Israel, Tunisia, China,
Taiwan, India, and Australia.

Location in Host

Small intestine.

Parasite Identification

The genus Haplorchis (as is the related Pro-
cerovum) is characterized by possession of a sin-
gle testis. The ventral sucker is posterior to the
bifurcation of the intestine and contains the typi-
cal sucker/genital complex. Haplorchis can be
differentiated from Procerovum by the possession
in the latter of a very muscular wall on the semi-
nal vesicle, called an expulsor, that runs along the
intestinal cecum on the left side.

The species Haplorchis pumilio is a small
fluke, 0.25 to 7.2 mm long by 0.1 to 0.19 mm
wide. It differs from other species of Haplorchis
in that the anterior edge of the ventral sucker is
not lined with spines but with what has been
called bars that number from 32 to 40. The eggs
measure 29 to 32 um by 15.5 to 17.5 um.

Life Cycle

The life cycle has been elucidated by feeding kit-
tens freshwater fish, Gambusia, infected with cer-
cariae that had developed in the snail Pirenella
conica (Kuntz and Chandler, 1956).

Clinical Presentation
and Pathogenesis
Not reported, so thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats probably become infected by eating raw
fish. Other animals that have been found naturally
infected include, among others, pelicans, kites,
dogs, foxes (Vulpes vulpes), shrews (Crocidura
olivieri), gulls, and human beings.

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an

infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans have been infected, probably by the
ingestion of the infected fish intermediate hosts.

Control/Prevention

The prevention of the ingestion of raw fish.
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Haplorchis yokogawai
(Katsuta, 1932) Chen, 1936

Etymology

Haplorchis = single testis and yokogawai = for
Dr. Yokogawa.
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Fig. 2.63. Haplorchis yokogawai recovered from the
intestine of a cat in Cairo, Egypt.
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Synonyms
Monorchotrema yokogawai Katsuta, 1932;
Monorchotrema taihokui Nishigori, 1924;

Monorchotrema taihokui Africa and Garcia,
1935; Haplorchis vagabundi Baugh, 1963.

History

This fluke was originally described from speci-
mens collected from dogs, cats, and human beings
that were experimentally infected (Katsuta, 1931).

Geographic Distribution

This trematode has a wide distribution throughout
Asia and the Mediterranean. It has been reported
from cats in Taiwan, China, Java, Egypt, and
Hawaii, from avian hosts in India, and from the
cat, a water rat (Hydromys chorogaster), and a
whistling eagle (Haliastur sphenurus) in Aus-
tralia (Pearson, 1964).

Location in Host
Small intestine, within the first half.

Parasite Identification

Haplorchis yokogawai differs from the other
species of Haplorchis found in the cat in that the
ventral sucker is covered with a small number of
very small spines rather than with hooks as in
Haplorchis pumilio or a few large spines as in
Haplorchis taihokui.

The species Haplorchis yokogawai is a small
fluke that is rather wide, 0.23 to 0.34 mm long
by 0.2 to 0.28 mm wide. The eggs measure 29 to
30 um by 13 to 17 um.

Life Cycle

The life cycle has been elucidated by the feed-
ing of infected brackish-water mullet to human
beings (Katsuta, 1931). The metacercariae are
encysted in the scales, gills, and fins of mullet,
but not in the muscles. The snail host in Hawaii
is Stenomelania newcombi, where two genera-
tions of rediae develop in the digestive gland of
the snail (Martin, 1958). The cercariae have a
very long flagellum and lateral fins near the
body. When experimentally infected fish were
fed to cats, the adult worms were found to con-
tain eggs within 10 days after infection (Mar-
tin, 1958).

Clinical Presentation
and Pathogenesis

Not reported. The fact that the eggs are carried to
ectopic locations in humans (see “Hazards to
Humans”) would suggest that similar events
could occur in other hosts including the cat.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected. The normal natural hosts are
probably piscivorous birds.

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an
infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans have been infected by the ingestion of
the infected fish intermediate hosts. Eggs of Hap-
lorchis yokogawai have been found in cardiac
lesions of persons with cardiac failure and in the
epicardiac layer of the heart (Africa et al., 1937).

Control/Prevention

The prevention of the ingestion of raw fish.
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Haplorchis taichui (Nishigori,
1924) Witenberg, 1930

Etymology

Haplorchis = single testis and taichui = for Dr.
Taichu.

Synonyms
Monorchotrema yokogawai Katsuta, 1932;
Monorchotrema taihokui Nishigori, 1924;

Monorchotrema taihokui Africa and Garcia,
1935; Haplorchis rayi Saxena, 1955.

History

This fluke was originally described from speci-
mens collected from a night heron, Nycticorax
nycticorax in Taiwan. Experimental infections

Fig. 2.65. Haplorchis taichui from a kite, Milvus
migrans, in Egypt.

have been produced in human beings, dogs, cats,
and mice (Faust and Nishigori, 1926).

Geographic Distribution

Fig. 2.66.

This trematode has a wide distribution throughout
Asia and the Mediterranean that is very similar to
that of Haplorchis yokogawai although it has not
been observed in Australia (Pearson, 1964).

Location in Host
Small intestine.

Parasite Identification

Haplorchis taichui differs from the other species
of Haplorchis found in the cat in that the ventral
sucker is covered with a small number (12 to 16)
of large spines (25 to 30 um long) rather than
with hooks as in Haplorchis pumilio or many
small spines as in Haplorchis yokogawai.

The species Haplorchis taichui is a small fluke
that is rather wide, 0.45 to 0.89 mm long by 0.21
to 0.32 mm wide. The eggs measure 24 to 28 um
by 12 to 15 um.

Life Cycle

The life cycle was elucidated by the feeding of
infected brackish-water mullet to human beings,
dogs, and cats (Faust and Nishigori, 1926). The
snail host in Taiwan is Melania reiniana. The fish
hosts in Taiwan are members of the Cyprinidae,
Siluridae, and Colitidae. In Palestine, Witenberg
(1929) found the infected fish to be of the genera
Barbus, Tilapia, and Mugil.

Clinical Presentation and Pathogenesis
Not reported, but thought to be asymptomatic.
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Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected. The normal natural hosts are
probably piscivorous birds.

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an
infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans have been infected (Kliks and Tanta-
chamrun, 1974) in Thailand by the ingestion of
the infected fish intermediate hosts.

Control/Prevention

The prevention of the ingestion of raw fish.
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Haplorchis sprenti
Pearson, 1964

Etymology

Haplorchis =
Dr. Sprent.

single testis and sprenti = for

Synonyms
None.

History

This fluke was originally described from speci-
mens collected from a water rat (Hydromys
chryogaster), a domestic cat, a little black cor-
morant (Phalacrocorax ater), a little pied cor-

morant (Phalacrocorax melanoleucus), a pied
cormorant (Phalacrocorax sulcirostris), a pelican
(Pelecanus conspicillatus), herons, and egrets.

Geographic Distribution
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This trematode is found in Australia.

Location in Host

Small intestine.

Parasite Identification

Haplorchis sprenti is very similar to Haplorchis
yokogawai. Tt differs mainly in the shape of the
body, being pyriform with the length being 0.25
to 0.42 mm, and the width being 0.08 to 0.12 mm
anteriorly and 0.09 to 0.17 mm posteriorly. The
eggs measure 27 to 32 um by 13 to 15.5 um and
contain a fully developed miracidium when laid.

Life Cycle

The life cycle was elucidated by the feeding of
infected brackish-water fish to cats, rats, and
chickens (Pearson, 1964).

Clinical Presentation
and Pathogenesis
Not reported but thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
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to become infected. The normal natural hosts are
probably piscivorous birds.

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an
infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans could be infected by the ingestion of the
infected fish intermediate hosts.

Control/Prevention

The prevention of the ingestion of raw fish.

REFERENCES

Pearson JC. 1964. A revision of the subfamily Hap-
lorchiinae Looss, 1899 (Trematoda: Heterophyi-
dae). Parasitology 54:601-676.

Haplorchis parataichui
Pearson, 1964

This trematode is very similar to Haplorchis
taichui. It was obtained in Australia by feeding a
fish (Pseudomugil signifer) collected from fresh-
water creeks in Brisbane to a cat (Pearson, 1964).
The eggs are 24 to 28 um long and 12 to 13 pum
wide.
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Procerovum varium Onji
and Nishio, 1916

Etymology

Procer = stretched out and ovum = uterus along
with varium = varied.

Synonyms

Haplorchis sisoni Africa, 1938; Haplorchis minu-
tus Kobayashi, 1942; Haplorchis macrovesica
Kobayashi, 1942; Haplorchis hoihowensis
Kobayashi, 1942; Haplorchis cordatus Kobayashi,
1942.

History

This species was originally recovered from a cat
that was experimentally infected with metacer-
cariae from infected fish (Onji and Nishio, 1924).

Geographic Distribution
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This trematode has been reported from Japan,
China, the Philippines, Australia, and Malaysia
(Pearson, 1964).

Location in Host
Small intestine.

Parasite Identification

Procerovum specimens differ from those of Hap-
lorchis in that they possess a highly muscular
ejaculatory duct called an expulsor. The species
Procerovum varium can be differentiated from
Procerovum calderoni by the presence of a much
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longer expulsor in the latter and by having small
spines on the gonotyle.

This small pyriform trematode is 0.26 to 0.38
mm long and 0.13 to 0.16 mm wide. The eggs are
25 to 29 um long by 12 to 14 um wide.

Life Cycle

The life cycle was elucidated by the feeding of
infected brackish-water mullet (Mugil species) to
dogs and cats.

Clinical Presentation
and Pathogenesis
Not reported but thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected. The normal natural hosts
include cats, pelicans (Pelecanus conspicillatus),
egrets (Egretta alba and Egretta intermedia), the
water rat (Hydromys chyrsogaster), herons
(Notophoyx novaehollandiae and Nycticorax
caledonicus), and a whistling eagle (Haliastur
sphenurus).

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an
infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans probably could be infected by the inges-
tion of the infected fish intermediate hosts.

Control/Prevention
The prevention of the ingestion of raw fish.

REFERENCES

Onji Y, Nishio T. 1924. On the intestinal distomes.
Chiba Igakki Zasshi 2:352-399.
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lorchiinae Looss, 1899 (Trematoda: Heterophyi-
dae). Parasitology 54:601-676.

Procerovum calderoni (Africa
and Garcia, 1935) Price, 1940

This trematode is very similar to Procerovum var-
ium but differs by having a larger expulsor and
having only a few large spines on the gonotyle. It
was originally described as Monorchotrema
calderoni from a dog in the Philippines (Africa
and Garcia, 1935). It was later redescribed as
Haplorchis calderoni (Africa, 1938) from speci-
mens collected from dogs, cats, and a human
being. The metacercariae have been found in fish,
including the brackish-water genera Hebsetia,
Hemirhamphus, Mugil, and others. In 1940, Price
transferred the species to the genus Procerovum
(Price, 1940).
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Stellantchasmus falcatus Onji
and Nishio, 1916

Etymology

Stella = star, ant = against, and chasmus = hollow
along with falcatus = hooked.
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Fig. 2.71. Stellantchasmus falcatus from the small
intestine of a domestic cat in Hawaii.

Synonyms

Diorchitrema pseudocirrata Witenberg, 1929;
Stellantchasmus formosanus Katsuta, 1931; Stel-
lantchasmus amplicaecalis Katsuta, 1932; and
Haplorchis pumilio of Odening, 1962.

History

This species was originally described from cats
that were experimentally infected by the feeding
of fish containing metacercariae (Onji and Nishio,
1916). This trematode has since been recovered
from naturally infected cats and other hosts.

Geographic Distribution

This trematode has been reported from Japan,
Hawaii, China, the Philippines, Israel, Egypt, and
Australia (Pearson, 1964).

Location in Host

Small intestine, mainly 6 to 18 inches from the
junction with the stomach.

Parasite Identification

Stellantchasmus specimens differ from those of
Haplorchis and Procerovum in that they possess

two testes and possess an expulsor as in Pro-
cerovum.

This small pyriform trematode is 0.43 to 0.55
mm long and 0.19 to 0.34 mm wide (Fig. 2.71). The
eggs are 21 to 23 wm long by 12 to 13 wm wide.
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Life Cycle

The life cycle was elucidated by Martin (1958),
Noda (1959), and Pearson (1960). The snail hosts
include species of Stenomelania, Melanoides,
and Tarebia. Fish that have been found to be
infected include brackish and freshwater fish,
Mugil and Anabas species; the larvae are found
mainly within the skeletal muscle (Martin, 1958).
The fully developed cysts are about 0.3 mm in
diameter.

Clinical Presentation
and Pathogenesis
Not reported but thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected. The normal natural hosts
include cats, nankeen night herons (Nycticorax
caledonicus), and whistling eagles (Haliastur
sphenurus).

Hazards to Other Animals

None known; however, due to the requirements
for two intermediate hosts, it is unlikely that an
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infected cat would pose a direct threat to other
animals.

Hazards to Humans

Humans have been infected with this species in
Hawaii.

Control/Prevention

The prevention of the ingestion of raw fish.

REFERENCES
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Pearson JC. 1960. New records of trematodes from the
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Heterophyinae

There are two genera in cats that are within the
subfamily Heterophyinae. The two genera are
Heterophyes and Heterophyopsis. Heterophyes is
characterized by the possession of a large genital
sucker that is separated from the ventral sucker. It
was the presence of this “third sucker” that
caused Heterophyes to be one of the first genera
of trematodes created from the old group the Dis-
toma (two mouths) in the middle of the 1800s.
Heterophyopsis differs from Heterophyes in that
its testes lie one behind the other in the body
rather than along side each other as they do in the
case of Heterophyes.

Heterophyes heterophyes
(von Siebold, 1852) Stiles
and Hassall, 1900

Etymology

Hetero = different and phyes = form (named
early in the study of trematodes to distinguish it

Fig. 2.73. Heterophyes heterophyes recovered from
the intestine of a cat in Egypt. In this figure, it is
difficult to appreciate the genital sucker except as a
darkened area to the right and slightly posteriad to
the ventral sucker.

from another fluke Paragonimus by Cobbold in
1866).

Synonyms

Heterophyes aegyptiaca Cobbold, 1866; Mesogo-
nimus heterophyes Railliet, 1890; Coenogonimus
heterophyes Looss, 1900; and Cotylogonimus
heterophyes Liihe, 1900. In the Orient, Hetero-
phyes nocens Onji and Nishio, 1915, was
described, but it is now considered a subspecies
of Heterophyes heterophyes.

History

This species was originally collected in 1851 by
Bilharz from a human being in Egypt; the fluke
was named Distoma heterophyes by von
Siebold. The first report in cats is that of Looss
(1902).
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Geographic Distribution
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This trematode has been reported from Egypt,
Israel, Kuwait, Greece, Turkey, and Spain (proba-
bly throughout the Mediterranean); as the sub-
species Heterophyes heterophyes nocens, it has
been reported from cats in Japan (Miyazaki,
1991). It has also been reported on rare occasions
from West Africa and India (Malek, 1980).

Location in Host

Middle and upper portion, jejunum and duode-
num of the small intestine (Tarachewski, 1987).

Parasite Identification

Specimens of the genus Heterophyes have a large
genital sucker. The adult trematodes are found
embedded in the villi and measure about 1 mm by
0.5 mm. The spines on the genital sucker of Het-
erophyes heterophyes number 50 to 80 and are
digitate, looking like small leafless trees. The
eggs are yellow brown, contain a miracidium, and
have an average size of 27 um by 16 um.

Life Cycle

The life cycle in Egypt involves the snail Pironella
conica and the brackish-water fish host Mugil
cephalus. In Asia, the life cycle involves snails,
Certhideopsilla cingulata, that live in the mouths
of rivers and various brackish-water fish hosts,
including Mugil cephalus, Liza haematocheila,
Acanthogobius flavimanus, Glossogobius giuris,
and Tridentiger obscurus. The metacercariae are
found within the muscle of the fish hosts.

Clinical Presentation
and Pathogenesis

An examination of the histopathology of the
intestine of infected cats revealed that the para-
sites were closely associated with the villi
(Hamdy and Nicola, 1980). At the sites of infec-
tion, the villi were swollen, the columnar epithe-
lium was destroyed, and there was swelling of the
underlying submucosa. There was a local cellular
reaction, and the Peyer’s patches were hyperplas-
tic. Immature flukes were found in lymphoid fol-
licles and in Peyer’s patches. Mature flukes were
also found within mesenteric lymph nodes. How-
ever, no clinical signs were described.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish as do
other piscivorous animals.

Hazards to Other Animals

None known; however, due to the requirements for
two intermediate hosts, it is unlikely that an infected
cat would pose a direct threat to other animals.

Hazards to Humans

Numerous humans have been infected with this
parasite. In 1933, Khalil found 53 of 60 school
children infected in an area close to the Suez
Canal; in 1983, it was found in 14 of 65 cats in
Egypt (Abo-Shady et al., 1983). Infection rates in
Japan have also reached levels as high as 30 per-
cent; however, more recently, infection levels in
humans in Japan are less than 1 percent.

Control/Prevention
The prevention of the ingestion of raw fish.
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Heterophyes aequalis
Looss, 1902

Etymology

Hetero = different and phyes = form, along with
aequalis = equal, referring to the equivalent sizes
of the ventral and oral suckers. The name distin-
guishes it from Heterophyes dispar, which was
named at the same time and which supposedly
had a ventral sucker much larger in diameter than
the oral sucker.

Fig. 2.75. Heterophyes aequalis recovered from a
cat in Cairo, Egypt. The separate genital sucker on
this species is more apparent than in Fig. 2.73.

Synonyms
Heterophyes dispar Looss, 1902 (according to
Kuntz and Chandler, 1956).

History

This species was originally described from natu-
rally infected cats in Egypt.

Geographic Distribution

i -I:""-.?:;:L i % ?v:-" [
ey o F F g P Tey
f "{5""‘; ] r':'l 7. -.‘L.;" - ;
' AR O] rf' o I
L wA R e
L LI '-r'_-_j ATt
Uk SRRl
S i RN
I.:.E"_.-\._ l:'q, I!."'i' = P T
L Ty i 'l-.-':I"“- et T
E.LI "; I ';l ! |
I o
_i_.l" L &
Fig. 2.76
Egypt and Israel.

Location in Host

Small intestine, mainly the terminal portion of the
intestinal tract (Taraschewski, 1987).

Parasite Identification

Specimens of Heterophyes aequalis are character-
ized by having a few, 15 to 35, rodlets surrounding
the genital sucker versus the 50 to 80 digitate
rodlets present on that of Heterophyes heterophyes.
The flukes from cats range in length from 0.5 to
1.4 (rarely 1.6) mm with a width of 0.25 to 0.5
mm. The ventral sucker is typically 0.06 to 0.18
mm in diameter. The yellowish brown—shelled
eggs are 23-25 um long by 14-16 um wide.

Life Cycle

The life cycle involves metacercariae encysted
in Mugil, Epinephelus, Lichia, and Barbus
fish. Cats become infected by the ingestion
of these marine, brackish-water, or freshwater
fish.
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Clinical Presentation
and Pathogenesis
Not reported but thought to be asymptomatic.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected. The host that has been
described for this parasite is the cat with adults
sometimes being found in dogs.

Hazards to Other Animals

None known; however, due to the requirements for
two intermediate hosts, it is unlikely that an infected
cat would pose a direct threat to other animals.

Hazards to Humans

Humans probably could be infected by the inges-
tion of the infected fish intermediate hosts.

Control/Prevention
The prevention of the ingestion of raw fish.
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Heterophyopsis continua
(Onji and Nishi, 1916)
Tubangui and Africa, 1938

Etymology

Hetero = different and phyopsis = late form
(referring to the testes being behind each other)
along with continua = continuous, referring to the
expanded nature of the uterus.

Synonyms

Heterophyes continua Onji and Nishi, 1916; Het-
erophyes expectans Africa and Garcia, 1935,
Pseudoheterophyes continua major in a new
genus created by Yamaguti (1939).

History

This species was originally described from a nat-
urally infected tern, Colymbus arcticus pacificus,
in Japan. It was also collected from a cat that was
experimentally infected through eating the
infected tissue of a fish, Mugil cephalus.

Geographic Distribution
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Cats in Japan and Korea (Eom et al., 1985) and in
the Philippines (Tubangui and Africa, 1938).

Location in Host

Small intestine.

Parasite Identification

Specimens of Heterophyopsis continua differ from
species of Heterophyes in that the testes of Hetero-
phyopsis species are tandem (i.e., one is in front of
the other), rather than being beside each other as in
Heterophyes. The flukes collected from Korean
cats measure 1.8 to 2.3 mm in length and 0.26 to
0.28 mm in width. The eggs are 25 X 15 um.

Life Cycle

The life cycle involves metacercariae encysted in
the brackish-water fish, Mugil, Lateolabrax, Acan-
thogobius, and Clupanodon. Cats become infected
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by the ingestion of these fish in which the metac-
ercariae are encysted within the musculature.

Clinical Presentation
and Pathogenesis

Signs in cats have not been reported. Signs have
been reported with humans infected with these
trematodes, but they were also hosts to other par-
asitic helminths, which confuses the assignment
of signs specifically to this parasite.

Treatment

Probably praziquantel. Praziquantel (15 mg/kg
followed by the administration of a purgative 30
g of magnesium sulfate in order to collect the
worms) has been used successfully in the treat-
ment of humans infected with this trematode (Seo
et al., 1984).

Epizootiology

Cats become infected by eating raw fish. Other
hosts that ingest infected raw fish are also likely
to become infected, although it would appear that
the rat is not a susceptible host.

Hazards to Other Animals

Dogs and other animals have been infected; how-
ever, due to the requirements for two intermediate
hosts, it is unlikely that an infected cat would
pose a direct threat to other animals.

Hazards to Humans

Humans in Japan and along the southern coast of
Korea have been infected with this parasite by the
ingestion of metacercariae in brackish-water fish
(Seo et al., 1984).

Control/Prevention
The prevention of the ingestion of raw fish.
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Metagoniminae

The Metagoniminae subfamily of the Hetero-
phyidae is characterized by having a fusion of
the genital and ventral sucker into an organ
called by some the genito-acetabulum. This ven-
tral genital sucker is found displaced from the
midline of the body in the genus Metagonimus,
which aids in the recognition of this genus of het-
erophyid flukes.

Metagonimus yokogawai
(Katsurada, 1912)
Katsurada, 1912

Etymology

Meta = posterior and gonimus = genitalia along
with yokogawai for Dr. Yokogawa.

Synonyms

Heterophyes yokogawai Katsurada, 1912; Lox-
otrema ovatum Kobayashi, 1912; Metagonimus
ovatus Yokogawa, 1913; Loossia romanica
Ciurea, 1915; Loossia parva Ciurea, 1915; Loos-
sia dobrogiensis Ciurea, 1915.

History

This fluke was originally described as Hetero-
phyes yokogawai by Katsurada, but later, the
same author renamed the worm Metagonimus
yokogawai. The original description was based on
material obtained by Dr. Yokogawa from human
beings and from experimentally infected cats and
dogs in Taiwan.
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Fig. 2.78. Metagonimus yokogawai collected from a
dog in Japan in 1919 by Dr. Yokogawa. Note the
paired testes in the posterior of the body. The
displaced genito-acetabulum is difficult to observe
in this figure.

Geographic Distribution

This is the most common heterophyid trematode in
the Far East. It has also been reported from Siberia
and the Balkans and from human beings in Spain.

Location in Host

Small intestine.

Parasite Identification

Members of the genus Metagonimus can be iden-
tified by the position of the ventral sucker and

genital opening, which are fused and displaced to
the right of the midline of the body. The testes are
close together at the posterior of the body where
one is slightly anteriad to the other. The ventral
sucker is larger than the oral sucker. The adults of
Metagonimus yokogawai are 1 to 1.5 mm long
with eggs that are 26 to 28 um by 15 to 17 pum.

Life Cycle

The miracidium within the egg, like that of Het-
erophyes heterophyes, does not hatch upon contact
with water but, rather, only after it is infected by
the appropriate freshwater snail (e.g., Semisul-
cospira libertina). The cercariae that are produced
have long tails with thin dorso-ventral tail fins.
The cercariae infect fish between the scales, and
metacercariae develop predominantly within the
muscles. Freshwater fish that have been shown to
be intermediate hosts include Plectoglossus
altivelis, Odontobutis obscurus, Salmo perryi, and
Tribolodon hakonensis. Animals become infected
when they ingest the raw flesh of these fish.

Clinical Presentation
and Pathogenesis

Shallow ulcers may be present in the mucosa of the
jejunum where parasites live within the villus
epithelium. There is a shortening of the villus length
and adhesions formed between villi. During the first
5 to 15 days after infection, there is a decrease in the
number of goblet cells present in the areas around
the trematodes; this number then returns to normal
levels (Kim et al., 1983). Heavy infestations are
likely to cause small-bowel diarrhea.

Treatment

Praziquantel.

Epizootiology
Cats become infected by eating raw fish. Other

hosts that ingest infected raw fish are also likely
to become infected.

Hazards to Other Animals

Dogs can be infected through the ingestion of
infected raw fish; however, due to the require-
ments for two intermediate hosts, it is unlikely
that an infected cat would pose a direct threat to
other animals.



2 / THE TREMATODES 139

Hazards to Humans

Human beings have been infected with this parasite
on numerous occasions and are the host from which
the parasite was first recovered. People, like cats,
obtain their infections by the ingestion of raw fish.

Control/Prevention

The prevention of the ingestion of raw fish.
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Metagonimus takahashii

Suzuki, 1930

This parasite is very similar to Metagonimus
yokogawai. The egg of Metagonimus takahashii
in the stool is larger than that of Metagonimus
yokogawai; that of Metagonimus takahashii is
28.5 to 34 um by 17.5 to 20.5 um. Also, the cer-
caria is larger, and the second intermediate hosts
are carp rather than the fish used by Metagonimus
yokogawai. Cats, dogs, and human beings have
been naturally infected with this parasite.

Dexiogonimus ciureanus
Witenberg, 1929

This genus differs from Metagonimus in that the
testes appear to be symmetrically situated in the

posterior of the body rather than diagonally as
in Metagonimus. This trematode (Fig. 2.82) has
been recorded as infecting dogs and cats in
Israel and other parts of the Middle East
(Witenberg, 1929, 1934). The natural host
appears to be gulls.

Fig. 2.82. Dexiogonimus ciureanus collected from a
cat in Turkey. In this specimen, the body has the
overall shape of the sole of a foot, which was part
of the original description of this parasite.
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Stictodoriinae

This subfamily of heterophyids is characterized
by having a rather elongate body and an anterior
sucker that is subterminal. In this group, the testes
are not terminally located in the body.

Stictodora sawakinensis
Looss, 1899

The genus Stictodora (sticto = punctate; dora =
skin) and species sawakinensis (from Sawakin)
were described by Looss (1899) for specimens
collected from gulls. Specimens of Stictodora
sawakinensis and Stictodora thaparai Witenberg,
1953, have been described from cats in Egypt and
Israel (Kuntz and Chandler, 1956; Witenberg,
1953). Specimens of Stictodora differ from those
of Metagonimus in that the ventral sucker is
reduced and combined with the genital opening
and is not readily apparent. The testes are also
further anteriad in the body of this trematode
(Fig. 2.84).
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MICROPHALLIDAE

The microphallids are a group of trematodes
wherein the adults are very similar in appearance
to a heterophyid. However, these trematodes dif-




2 / THE TREMATODES 141

fer from the heterophyids in that the cercariae do
not have eyespots and typically utilize crus-
taceans rather than fish as the second intermedi-
ate host.

Microphalloides vajrasthirae
Waikagul, 1983

This trematode was recovered from a cat from a
province in Central Thailand (Waikagul, 1983).
This small fluke is about 0.75 mm long and just
slightly narrower than it is long. The anterior end
is gently rounded, while the posterior end is
rather square. The testes are in the posterior part
of the body where they are found to be widely
spaced at the lateral margins of the body. The
eggs are small, being only about 20 um long. It is
suspected, based on work performed by others
with related species, that the cat became infected
by the ingestion of a crab containing the metacer-
carial stages.
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PLAGIORCHIDAE

The plagiorchids are characterized by having
well-developed oral and ventral suckers, an
ovary just posterior to the ventral sucker, and
testes at the beginning of the posterior of the
body that are situated diagonally from each other
(Fig. 2.86). The typical plagiorchid has three

Fig. 2.86. Plagiorchis micracanthos from a bat,
Myotus sodalis, in Kentucky. Note the large anterior
and ventral suckers, the ovary about one-fourth of
the body length from the anterior end, the two
large oblique testes occurring in the second third of
the body, and the lateral vitellaria.

hosts in it life cycle. The first host being a snail
that produces a cercaria that typically has two
suckers of the same size, an insect or a second
snail that serves as the second intermediate host,
and a final host.

Plagiorchis massino Petrov
and Tikhonov, 1927

This fluke was originally described from dogs and
cats in Armenia and Kazakistan. It has also been
reported from a single cat found infected in New-
foundland, Canada (Smith and Threllfall, 1973).
The life cycle probably involves a snail as the first
intermediate host and an insect or a snail as the
second intermediate host. The cats became
infected by ingesting the second intermediate host.
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NANOPHYETIDAE

These small flukes are found in the intestinal tract
of numerous mammals. There are large anterior
and ventral suckers. The testes are symmetrical,
large, and in the hindbody. The cercarial stage
that comes from the snail has a stylet and a short
tail. The cercariae penetrate the skin of the fish,
and the larval stages are found in the tissues of the
fish. The final host becomes infected by the
ingestion of the fish host.

One member of this family, Nanophyetus
salmincola, is of additional importance in veteri-
nary medicine because it has been shown to be the
vector of the agent causing salmon poisoning in
dogs on the west coast of the United States. It does
not appear that the cat plays any major role in this
story, but it is possible for a cat to develop patent
infections if it is fed infected fish. The details of
the biology and treatment of this infectious rick-
ettsial agent can be found in many of the textbooks
on microbiology and infectious disease, so these
details have not been presented here.

Nanophyetus salmincola
Chapin, 1928

Etymology

Nano = posterior and phyetus = genitalia along
with salmincola = for the salmonid second hosts.

Fig. 2.88. Nanophyetus salmincola from the small
intestine of an experimentally infected cat collected
in Washington, D.C., in the 1920s. Note the two very
large suckers and the large ovaries that are present
on both sides of the body.

Synonyms

Chapin, 1926, first described this fluke as
Nanophyes salmincola. He later (1928)
changed the name to Nanophyetus salmincola.
A synonym or sister species from the Siberian
coast is Nanophyetus schikhobalowi Skrjabin
and Podiapolskaia, 1931. Another synonym is
Distomulum oregonensis Ward and Mueller,
1926. The genus Nanophyetus is also consid-
ered by some to be synonymous with the genus
Troglotrema.

History

The fluke was noted be associated with salmon-
poisoning disease in dogs because salmon that
did not contain metacercariae did not transmit the
disease to dogs (Donham et al., 1926). The infec-
tious agent was later identified to be Neorickettsia
helminthoeca. This rickettsia is passed from dog
to dog within the body of the fluke.
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Geographic Distribution

This trematode is found distributed around the
northern Pacific Rim, mainly in various species of
canids. The cat does not appear to be a major host
of this parasite (Schlegel et al., 1968).

Location in Host

Small intestine.

Parasite Identification

Members of the genus Nanophyetus are small
flukes, about 1 mm long. There is a muscular
pharynx. The genital opening is just posteriad to
the ventral sucker, with the ovary being at about
the same level as the ventral sucker. The testes are
large and are opposite each other in the middle of
the hindbody.

The adult flukes may be anywhere from 0.8
mm to 2.5 mm in length. The eggs, 87 um to 97
um in length by 38 to 55 wm wide, are light
brown, operculate, and not embryonated when
passed in the feces.

Life Cycle

The miracidium within the egg hatches and
swims by means of its cilia. The miracidium
develops into a redia within the body of the fresh-
water snail Oxytrema silicula. Ultimately, cer-
cariae are produced. The cercariae are microcer-
cous (i.e., have a very small tail) and are grouped
together by strands of mucus, which probably
help them come into contact with the surface of a
fish swimming by. The cercariae penetrate the

skin of fish at the site of contact. The fish hosts
utilized are members of the salmon family that
become parasitized during the freshwater portion
of their life cycle. After infection, the metacer-
cariae are found to develop predominantly within
the kidneys and muscles of the fish. The metacer-
cariae are capable of persisting in the tissues of
the fish for almost 2 years after they return to the
sea and after this period are capable of transmit-
ting the causative agent of salmon-poisoning dis-
ease to dogs. Mammals and birds become
infected when they ingest raw salmon. The flukes
mature into adults with eggs in 6 to 10 days after
the fish has been eaten.

Clinical Presentation
and Pathogenesis

Lesions in cats infected with Nanophyetus
salmincola have not been described. Hoeppli
(1926) examined the parasite-induced damage to
the intestinal mucosa of the dog and believed it to
be highly pathogenic; however, Hoeppli’s studies
were performed before the discovery of the rick-
ettsial cause of this disease.

Treatment
Probably praziquantel, but not reported.

Epizootiology

Cats become infected by eating raw fish. In the
wilds of Oregon, many other hosts are infected
(Schlegel et al., 1968). The most important hosts
in the wild are probably the raccoon, coyote,
lynx, spotted skunk, and even birds (e.g., the
hooded merganser).

Hazards to Other Animals

The rickettsia can be lethal to dogs that have
ingested fish containing the rickettsial-bearing
trematode. If infected with the trematode, cats
need to be treated to prevent the parasite from
being able to complete its life cycle.

Hazards to Humans

Human beings have been found infected with this
parasite in Siberia. It is also possible that the rick-
ettsial agent may cause disease in human beings.
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People, like cats, obtain their infections by the
ingestion of raw fish.

Control/Prevention

The prevention of the ingestion of raw fish.
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TREMATODES OF THE
PANCREATIC DUCT,
GALLBLADDER, AND
BILE DUCT

Several trematodes are regularly found in the
ducts that empty into the small intestine from the

liver and the pancreas. One parasite, which is reg-
ularly found in the pancreatic duct, has been
reported from the cat. This trematode, Eurytrema
procyonis, is a member of the dicrocoelids. Most
of the other dicrocoelid trematodes are parasites
of the gallbladder and bile ducts. The dicrocoelid
trematodes are one of two groups of trematodes
that are found in the bile ducts and gallbladder;
the other group is the opisthorchids. The dicro-
coelids tend to utilize arthropods as their second
intermediate host, and opisthorchids utilize fish.
Both parasites cause similar hepatic disease.

DICROCOELIDAE

The dicrocoelids are delicate, elongate, and quite
beautiful trematodes that are located in the bile
ducts, gallbladder, or pancreatic ducts. The adults
are characterized by testes that tend to be rather
anteriorly placed, vitellaria that are localized in
the lateral portions of the middle of the body, and
a uterus filled with eggs that tends to fill most of
the posterior portion of the body. The egg when
passed in the feces is thick shelled and embry-
onated. In the life cycle of this parasite, the egg is
eaten by a land snail. Within the snail the cer-
cariae develop and possess a stylet. The cercariae
that leave the snail must then typically enter an
arthropod host. Some of the dicrocoelids, such as

Pancreas
DICROCOELIDAE

Gallbladder and bile ducts
DICROCOELIDAE

OPISTHORCHIDAE

Metorchis orientalis Tanabe, 1919

Eurytrema procyonis Denton, 1942

Euparadistomum pearsoni Talbot, 1970
Euparadistomum buckleyi Singh, 1958
Euparadistomum heiwschi Buckley and Yeh, 1958
Platynosomum concinnum (Braun, 1901) Purvis, 1933

Amphimerus pseudofelineus (Ward, 1901) Barker, 1911
Clonorchis sinensis (Cobbold, 1875) Looss, 1907
Opisthorchis felineus (Rivolta, 1884) Blanchard, 1895
Opisthorchis viverrini (Poirier, 1886) Stiles and Hassall, 1896
Opisthorchis chabaudi Bourgat and Kulo, 1977
Paropisthorchis caninus Stephens, 1912

Metorchis conjunctus (Cobbold, 1860) Looss, 1899
Metorchis albidus (Braun, 1893) Looss, 1899

Parametorchis complexum (Stiles and Hassal, 1894) Skrjabin, 1913
Pseudamphistomum truncatum (Rudolphi, 1819) Liihe, 1909

Fig. 2.90. Trematodes of the pancreatic duct, gallbladder, and bile ducts.
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Platynosomum concinnum, utilize paratenic hosts
to transfer the snail from the arthropod to the
mammalian final host.

Eurytrema procyonis
Denton, 1942

Etymology

Eury = wide and trema = trematode along with
procyonis for the original raccoon host.

Fig. 2.91. Eurytrema procyonis recovered from the
pancreatic duct of a cat in New Jersey. Note the
lateral vitellaria, the testes that are anterior to
midbody, the large anterior and ventral suckers, and
the uterus filled with eggs that extends posteriad
between the vitellaria to fill the body with dark eggs.

Synonyms
Eurytrema vulpis Stunkard, 1947; Concinnum
procyonis of Schell, 1985.

History

This fluke was originally described from speci-
mens recovered from the pancreatic duct of a rac-
coon in Texas (Denton, 1942). Burrows and Lillis
(1960) discovered the same parasite in the pan-
creatic ducts of two cats in New Jersey.

Geographic Distribution

This species of Eurytrema has only been reported
from the eastern United States of America. In a
survey of 290 cats from St. Louis, Missouri, 31
were found to be infected with this parasite (Fox
et al., 1981). A survey of 36 cats within a 250-
mile radius of Fort Knox, Kentucky, revealed that
5 of these cats had pancreatic flukes (Sheldon,
1966).

Location in Host

Pancreatic duct; in one of the cases described by
Burrows and Lillis, the cat had over 300 of these
flukes in the pancreatic duct and an additional 67
flukes in the bile ducts and gallbladder.

Parasite Identification

This fluke is 1.7 to 2.5 mm in length, and 0.73 to
1.3 mm wide at midbody. There is a well-devel-
oped ventral sucker that is about one-fourth of the
body length towards the posterior end, and the
testes are large, paired, and just posteriad to the



146 / FELINE CLINICAL PARASITOLOGY

ventral sucker. There is a cirrus present behind the
genital pore that opens anterior to the ventral
sucker. The eggs are 45 to 53 um long by 29 to 36
um wide.

Life Cycle

The life cycle of this trematode is only incom-
pletely described. Embryonated eggs are eaten by a
land snail, Mesodon thyroidus. The cercariae
develop within sporocysts within this snail, and
when developed, the cercariae have very short tails.
The sporocysts, containing numerous cercariae, are
extruded from the snail. Viable cercariae are still
present within the extruded sporocysts after 5 days.
It is believed that the second intermediate host is
most likely an arthropod (Denton, 1944).

Clinical Presentation
and Pathogenesis

Cats infected can develop pancreatic atrophy and
fibrosis (Anderson et al., 1987); the inflammatory
pancreatic disease can lead to clinical signs of
weight loss and intermittent vomiting. The pan-
creatic ducts become thickened, and the main
duct can be enlarged with numerous flukes.
Infected cats may show a reduction in the protein
and carbonate content of pancreatic fluid, as well
as an overall reduction in the volume of fluid pro-
duced. (Fox et al., 1981).

Treatment
Probably praziquantel, but not reported.

Epizootiology

It is not known how cats become infected. It is
most likely that they are accidentally ingesting
some arthropod that supports the development of
the metacercarial stage.

Hazards to Other Animals

Raccoons and foxes are quite often infected with
this parasite.

Hazards to Humans

There have been no records as to the infection of
human beings with this parasite. If a person were

to ingest the arthropod host, he or she could per-
haps develop an infection.

Control/Prevention

This cannot be done until the life cycle has been
elucidated. One of the naturally infected cats was
a 4.5-year-old spayed female American indoor-
outdoor cat (Anderson et al., 1987). It is not
known how this cat became infected or how the
infection could have been prevented.
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Euparadistomum pearsoni
Talbot, 1970

Etymology

Eupara = wide and distomum = two mouths along
with pearsoni = for Dr. Pearson.

Synonyms

None.

History

This fluke was recovered from cats in Papua New
Guinea. It was originally described as Euparadis-
tomum sp. (Talbot, 1969) but then recognized as a
new species. Other species of Euparadistomum
have been described from cats, and a number of
species have been described from reptiles. It may
be that reptiles are the typical hosts of this group
of trematode parasites.
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Geographic Distribution
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Fig. 2.93.
New Guinea.

Location in Host
Gallbladder, none in the bile ducts.

Parasite Identification

This fluke is quite discoid in appearance with a
color that is pinkish gray when alive. The diame-
ter of the body is about 5 mm. The ventral sucker
is centrally placed and has a diameter of 1 to 1.3
mm; the oral sucker is slightly smaller than the
ventral sucker. The testes are anterior to the ven-
tral sucker, and each is about one-fourth the diam-
eter of the ventral sucker. The small ovary is at the
posterior margin of the ventral sucker. The geni-
tal opening is between the oral and ventral suck-
ers. The eggs are operculate, with yellow to
brown eggshells, measuring 35 to 52 um in length
by 18 to 26 um in width.

Life Cycle

Not known. It is suspected that the intermediate
host is an arthropod.

Clinical Presentation
and Pathogenesis

Signs in infected cats have not been described if
they are present.

Treatment
Probably praziquantel, but not reported.

Epizootiology

It is not known how cats become infected. It is
most likely that they are accidentally ingesting
some arthropod that supports the development of
the metacercarial stage. Of course, it may be as in
Platynosomum (below) in which there is a reptile
as the third intermediate host.

Hazards to Other Animals
None known.

Hazards to Humans

There have been no records as to the infection of
human beings with this parasite. If a person were
to ingest the arthropod host, he or she could per-
haps develop an infection.

Control/Prevention

This cannot be done until the life cycle has been
elucidated.
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Euparadistomum buckleyi
Singh, 1958 and
Euparadistomum heiwschi
Buckley and Yeh, 1958

Two other species of Euparadistomum have been
reported from cats. Euparadistomum heiwschi
Buckley and Yeh, 1958, was described using speci-
mens collected from the gallbladder of a cat in
Kenya (Buckley and Liang-Sheng, 1958). Eupar-
adistomum buckleyi Singh, 1958, was recovered
from a cat in Madras, India (Rajavelu and Raja,
1988). Five other species of Euparadistomum are
parasites of lizards, bats, opossums, birds, and the
fox (Talbot, 1970). A sixth species, Euparadisto-
mum cercopithicai, is a parasite of the gallbladder of
the talapoin monkey in Guinea, Africa (Fig. 2.94).



148 / FELINE CLINICAL PARASITOLOGY

Fig. 2.94. Euparadistomum cercopithicai n. sp. from
the gallbladder of a talapoin monkey in Africa.
Although difficult to discern on the photograph, the
large ventral sucker and the lateral vitellaria visible
on the left side of the specimen are characteristic of
this genus of dicrocoelids.
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Platynosomum concinnum
(Braun, 1901) Purvis, 1933

Etymology

Platy = flat and nosomum = disease along with
concinnum = graceful or harmoniously arranged.

Synonyms
Dicrocoelium lanceolatum var. symmetricum
Baylis, 1918; Concinnum concinnum (Braun,

1901) Bhalerao, 1936; Platynosomum concinnum
Kossack, 1910.

History

The genus Platynosomum was described by Looss
in 1907 for a species recovered from a bird (Cicae-
tus gallicus). A fluke from the civet cat was

described by Braun (1901) as Dicrocoelium concin-
num and was transferred to the subgenus Concin-
num by Bhalerao (1936). Later, the subgenus
Concinnum was given generic rank (Yamaguti,
1958). Kossack (1910) described a fluke from a cat,
Felis minuta, that he named Platynosomum concin-
num. Purvis (1931 and 1933) examined specimens
of what he considered to be Platynosomum concin-
num that were recovered from cats in Malaysia, and
after making his observations, Purvis believed that
Platynosomum concinnum was identical with
Platynosomum planicipitis (Cameron, 1928). It
would appear that if the species concinnum is the
same species as that described by Kossack as
Platynosomum concinnum, that the name Platyno-
somum concinnum would be the name with priority
because this is the name that was used as part of the
original description.

Geographic Distribution

Fig. 2.95.

The tropics, including Malaysia, Hawaii, West
Africa, South America, the Caribbean, and areas
surrounding the Gulf of Mexico, including the
southeastern United States and the Florida Keys
(Bielsa and Greiner, 1985).

Location in Host

Gallbladder and bile ducts; rarely in the small
intestine.

Parasite Identification

Platynosomum concinnum adults are about 5 mm
long by 2 mm wide (Fig. 2.96). The suckers are
about equal in size, with the ventral sucker being
about one-fourth of the body length from the ante-
rior end. The vitellaria are located mainly at mid-
body, and the genital opening is at or anterior to
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the branching point of the intestinal ceca. The
testes and ovary are comparatively larger than in
species of Eurytrema. The eggs are operculate and
measure 34 to 50 wm by 20 to 35 um (Fig. 2.97).
A comparison of diagnostic methods revealed that
a formalin-ether sedimentation technique was
much more sensitive than either a sugar or zinc-
sulfate flotation for the diagnosis of infections
with this parasite (Palumbo et al., 1976).

Life Cycle

The life cycle has been incompletely described
(Maldonado, 1945; Eckerlin and Leigh, 1962).
Cercariae with very short tails (i.e., microcercous
cercariae) develop in sporocysts within the terres-

Fig. 2.96. Platynosomum concinnum adult collected
from the bile duct of a cat in West Hollywood,
Florida. Note the vitellaria along the lateral margins
at midbody, the paired anterior testes in the
anterior third of the body, and the extensive uterus
filled with eggs.

Fig. 2.97. Eggs of Platynosomum concinnum from
the feces of a naturally infected cat from the Florida
Keys. (Photograph supplied by Dr. Robert Foley)

trial snail Subulina octona. The sporocysts leave
the snail and are eaten by terrestrial isopods, “pill
bugs.” The metacercariae in the isopods do not
infect cats, but if ingested by a lizard, frog, or
toad, the encysted forms are found in the common
bile duct and gallbladder of these animals. Cats
become infected through the ingestion of the
lizard or amphibian third-intermediate host.

Clinical Presentation and Pathogenesis

Cats infected with large numbers of these para-
sites can present with severe disease due to the
blockage of the biliary system (Robinson and
Ehrenford, 1962). Clinical signs have been
described in eight infected cats in the Bahamas.
The cats did not thrive and had occasional bouts of
diarrhea, depression, and anorexia. On examina-
tion, the cats had severe weight loss, mild jaundice
of the mucous membranes, and mild hepatic
enlargement. If the condition progressed to com-
plete biliary obstruction, there was severe diarrhea
and vomiting with marked jaundice. At necropsy,
severe jaundice was obvious, and the liver was a
greenish yellow. The bile ducts were markedly
dilated with thickened walls (Ikede et al., 1971).
In histological sections, the trematodes could be
observed within the dilated bile ducts (Fig. 2.98).

Fig. 2.98. Section of the liver showing the presence
of Platynosomum concinnum flukes within a dilated
bile duct.
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Experimental infection of cats was induced by
feeding them liver from infected toads, Bufo mar-
inus (Taylor and Perri, 1977). Eggs were detected
in the feces of several cats as early as 2 months
after infection, and all cats were shedding eggs in
their feces by 12 weeks after infection. No clini-
cal signs were observed in cats given 125 metac-
ercariae. However, in cats given about 1,000
infective stages, clinical signs were noted in a
number of animals. The signs included lethargy,
abdominal distension, inappetence, weight loss,
and an enlarged liver. There were increased num-
bers of circulating eosinophils in all infected cats
and increases in both alanine and aspartate
aminotransferase activities. Histologically, there
was severe adenomatous hyperplasia of the bile
duct epithelium with periductal inflammation.
The cats continued to shed eggs in their feces for
1.5 years after the initial exposure, which was
when the study was terminated.

Treatment

Praziquantel at a dose of 20 mg/kg has markedly
reduced the number of eggs shed by infected cats.
Similarly, nitroscanate at 100 mg/kg also
markedly reduced the numbers of eggs being shed
by infected cats. Although cats often produced
negative samples several weeks after treatment,
they very often again shed eggs in their feces a
number of weeks after having stopped shedding
(Evans and Green, 1978). It has been reported to
one author (D.D. Bowman) that treatment of
infected cats in Florida with severe hepatic dis-
ease using praziquantel at a dosage of 40 mg/kg
resulted in the death of a compromised cat.

Epizootiology

Cats are not the only hosts of this parasite. It has
also been reported from opossums (Didelphis
marsupialis) and from the civet (Viverra zibetha).
Mice have been experimentally infected (Eckerlin
and Leigh, 1962).

Hazards to Other Animals

None known.

Hazards to Humans

There have been no records as to the infection of
human beings with this parasite. If a person were

to ingest the lizard, he or she could perhaps
develop an infection.

Control/Prevention

Prevent the ingestion of infected lizards, toads,
and frogs.
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OPISTHORCHIDAE

The opisthorchids make up a group of trematode
parasites that are found in the bile ducts and gall-
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bladder of several classes of vertebrates. There
are seven different genera of these trematodes that
are found in cats. Some of the species found in
cats, Clonorchis sinensis, and species of
Opisthorchis are also important parasites of
humans in certain parts of the world and a great
deal is written about these parasites in human par-
asitology texts. The first opisthorchid was, how-
ever, found in a cat by Rivolta (1884). The life
cycle of the opisthorchids involves a fish as the
second intermediate host, and therefore, cats
around the world are commonly infected with this
group of parasites. The opisthorchids, like the
dicrocoelids, usually have the vitellaria confined
to bands along the lateral edges of the body.
Unlike the dicrocoelids, the testes of the
opisthorchids are found in the posterior of the
body. Usually, one testis is anterior to the other
rather than being alongside each other; in the
dicrocoelids, the testes are typically next to each
other.

The characters differentiating the seven genera
are as follows. The genus Amphimerus differs
from the genus Opisthorchis in that the vitellaria
are divided into an anterior and posterior group
with the posterior group extending into the poste-
rior portion of the body to the level of the poste-
rior testis. Also, in the genus Amphimerus, unlike
in the genera Clonorchis and Opisthorchis, the
ventral sucker is larger than the oral sucker. The
genus Clonorchis is characterized by having
testes that are highly branched. The vitellaria of
this trematode are restricted to the sides of the
body anterior to the testes. The genus
Opisthorchis is very similar to Clonorchis, but
differs in that the testes are not branched. The
genus Paropisthorchis is characterized by having
the ventral sucker and genital pore located on a
pedunculated structure that extends out from the
ventral surface of the body. Specimens of
Metorchis differ from those of Opisthorchis,
Clonorchis, Amphimerus, and Paropisthorchis in
that the uterus is mo