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PREFACE
At the presenf time no textbook which deals‘exciusively with the helnﬂnth
diseases of animale of veterinary importance in Nerth Amerlca hag been pgbliehed.
Several very useful reference tookas have been written on the morphology and
life history of helminth diseases of animals but those which are of importance to
the veterinarian have not teen readily available or .conceruned themselves with
parasitic Tormws which occur in thes United States.

During the past seversl years of teaching vetérinany ééraaitology the writers
have felt the need of a handbook for veterinary students, practic;ng veterinarians,
investigators and agricultural students.

The present book is an attempt to fulfill this peed. The volume glives & brief
description of the helminth parasites of domestic animals and the diseases they
- cauge. It 1s intended as a practical treatise with emphasis on morphology, life
histories, pathology, diagnasia, treatment and control of the parasitic helminths
which occur in the domestic animals of the United States. It may also,be helpful
and useful to helminthologists, zoolog;ats, biologists, paraoitologists and public
health workers,

This book 1s an outgrowth of lecture material of courses on Veterinary Para-
sitology which the writers have given during the past few years tc students in the
College of Agriculturse, University of Wisconsin and students in the School of
Veterinary Medicins, Michigsen State Collegs.

Since the knowledge of certain helminth diseasss of domestic animals 1s quite
meager, as shown throughout this text, it ig hoped that ¢alling attention to these
scientific gaps will stimulate investigatore to pursue vressarch further in order
to obtain the solution toc some of these perplexing but important problems,

The writers have collaboréted and conferred with each other on all phases of
this book for the purpogs of obtaining sdoquate unification of the subject matter.
Both authors assume responsibility for all-of the chapters presented.’

In a book of this kind ervors will appear despite everj sffort tc eliminate
them. Consequently, the writers wslcome ‘any helpful suggestions or criticisms.
CaLYing errors to our attention will prevent their appearance in future editione.

: The order followed for the trematodss, ces*odes and nematodes is sys*ematic
according to phylogenetic relationships. The arrangement of the hosts has followeu
more ox less the order given by Benbrook (List of Parasites of Domestic Animels in
North Americd, 1948; Burgess Publishing Co.) and Dikmans (Check List of the Ip-
ternal and External Aninal Paraslites of Domestic Animals in North Americe, 1945-~
Amar. Jour. Vet. Rse. 6:211-241),

The writers have leaned heavily on the publicatlions of others irn order to make
the work as complete ss possible. Textbooks, refershce books and periodicale wars
consulted freely. Only the more important re*erences were cited ae 1t is realized.
that the undergraduaste student does not have the time or the inclination to trans-
late foreign languages.
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Chapter I
GENERAL INTRODUCTION

: Paragitology is the sclence which deals with parasitism. Parasitism is the relstion-
ship between parasites and their hosts. Parasites, as a rule, are organisms which live
temporarlly or permanently on or within other living organisms for the purpose of obtain-
ing food. In this manner the parasite benefits by thls close association at the expense
of the host. Parasitology from e comprehensive viewpoint may include bacteria, fungi,
protozoa, helminths, arthropods, spirochetes and viruses. Helminthology is the study of
worms, especially the parasitic forms. Helminth is a dignified term for worms. This book
will be iimited to helminths of veterinary importance in the United States. An animal in-
fected with worms 1s suffering from helminthiasie {a disease in which worms are present in

the animal body). :

The sclence of helminthology in regard to disease has been developed and expanded by
zodlogists, pargsitologistse, entomologists, physicians and veterinarians. The first three
groupe of sclentists menticned have studied broadly the fields of taxonomy, morphology,
physiology and life cycles of parasites, while physicians end veterinarians have been more
interested in the reactions of the host to the-parasite-(symptomatology, rathology) and
treatment of the infected host. The progress made by veterinary medicine, medicine end
zoology, especlally during the late war, has continually increased the importance of para-
sitology, especlally in the prevention, control and chemotherapy of parasitic digeaces,
The veterinary medical aspect is concerned primarily with the parasites of domestic ani-
mals and their public health significance. Many studies.on the parasites of animals have
izd to discoveries in the field of human parasitology. Sven the study of fres-living
forms in the animal kingdom may provide valusble information on little known.or less under-

.stood parasites.

Veterinary helminthology is en applied biological sclence and has wide-spread prac-
tical application. A knowledge of helmintha iy a necessary tool for the practicing
veterinarian, . Further atudy of the morphological characteristics of parasites is impor-
tent for aid in the diagnosis of every parasitic disesse. Many helminths which loock simi-
lar may vary greatly in their pethogenicity and may require different measures For Lreven-
tion and control. The diagnosis of any parasitic dissase should be confirmad by the iden-
tification of the paraéite, elther as an adult form or immature stages, such as larvee or

egge.

Fgrther knowledge, such as the pathogenicity of the Parasite, patbogenesis, symptoms,

treatment and control, is needed by the veterinary parasitologist. Prevention of parssi-
. tic dlegeases by eradication of the parasites, especlally the pre-infective atages, or o7

intermediate hosts, should be a primary objective. Treatment of animels Infected with
parasites should be consldered mainly 2s & measure for the pravention eand check against
further spread of the infections. Treatment should neve:r be thougut of ag ihe final mea-
sure 1n the control of parasitism, Consequently, one of the mos: importart phages of
veterinary helminthology is an intimate working knowledge of the life sycles, habite,
habitats and ecology, as thils information is the ground work on which to hase intelligent
meagures of prevention and eradication.

Our knowledge of the distribution and sconomic importance of most animal parassites in
the mited States ls very meager. A conservative eatimate by the United States Department
of Agriculture in 1942 on the annual lossds to livestock owners due tc internal parasites
was set at 125 million dcllars. )

Losses caused by helminths affect producers of livestock, the meat industry and cther
concerns which utilize animal products for commercial purpoges. By far the greatest loss
1s suffered by livestock producers in the form of unthriftiness in stock, stunting of
growth and death of young livestock. This loss involves money paid by the livestock ownsr
for medication and waste of feed. ' .

-2-
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o At the present time death 'losses due.to helminths are difficult to estimate as no LA
mechanism is available to gather this type of information. Losses due’to stunting and .

gensral unthriftiness are even mgre difficult to estimats,
’ * . : : : .

" Wild animals in captivity present various problems to the veterinary heimigthologist.
Also, wild animals may be infected with perasitic diseases introduced by domesticated
stockT Wildlife reservoirs of parasitic diseases are & constent menace to domestic ani--
- mals and are a publjc health problem. The scope of veterinary helminthology'during the
past 20 years includes helminthe of animals transmitted to.man, helminths of fish, birds,
‘wlld animals; animals kept in zoos as well as domesticated stock. ) ,,

AL

HISTORY OF VETERINARY HELMINTHOLOSY

: Veterinary helminthology is one of the youngest of the blologicel sciences. Very ¢ ,

" 1little true selentific information concerning the parasites of domes$ic animals was avail-' - .
able 50 to 60 years ago. Some of the larger parasitic worms of animals, because of their

size, were noticed and studied es a pwssible cause of disease. Hippocrates (430 B.C.)

mentioned the ococurrence of the pin worm'(Oxyuris equi) in horses. Aristotle (384-322 -

B.C.J ih his "Historla Animalium" refers to roundworms and flatworms of auimals, especial-

1y ingthe dog. Celsus (53 B.C.-7 A.D.) also distinguished between roundworms and flat-

worms. Columella (100 -A.D.) is sald to have first observed an ascarid from a calf and

Vegetuis (400 A.D.) an ascarid from the horse. . . :
. During the next several hundred yeare nothing was contributed’ to the scilencegof .
helminthology. Little was done except for the compilations of previous Greek, Roman and
Arablc information in the general field of medicine. During these dark ages Paulue

Aegineta (600 A.D.) wes noted for his compilations. Following this, another blank period

of about 400 years went by. Avicenna (980-1037) observed ascarids in animals. Later, oy,
... Albertus Méagnus (1200-1280) dtscovered nematodes in falcons. This appears to be the Pirst
‘mention of roundworms in birds. ‘ o

Modern veterinary helminthology probably commenced when Jehah de Brie discoversd the SR
liver fluke (Fasciola Qephtica) in sheep about 1379. Caesalpinus (1519-1630) stated that RIS
Redi discovered Dioctyophyma renale in the kidney of a dog. Vinegia (1547) recorded. o
helminths from the skunk, lion and fish. About the year 1600, differentiations were made .
between two types of tapeworms ('I‘aen:lg end Diphyllobothriym), Redi also' recognized several
cysterci as being animal parasites. ’ , , : E

Some of the early parasitologists who worked with helminths of vetex‘ina;i'y importance
:(Iné%;detei A;xdry (1750), Frohlich (1789-1802), Leske (1779-1784), Werner (1782), Rudolphi
1808-1819). . . .

4 ’

One of the first mentions of internal parasites as being important was the reference
of Aristophenes to "measled" pork (Cysticercus cellulosae). During the middle ages Cerman .- B
provinces introduced lawsg concerning measly pork. The gid was well known to old shepherds f
but was thought to be a:degenerate form of Qestrus ovis until 1780 when I.eske showed its i
‘true relationship. The hydatid tapeworm was found by Goeze in 1782 to be closely related
to Taenia. It was not until 1863 that the life cycle was imown. ' e

i

l A Y N " . . .

In 1758, the Swedish botanist Linnameus introduced the binominal system of nomenclas
ture and Rudolphi (1808) started collecting and compiled information which might he -looked
upon as the science of parasitology. : ’ h o

. . -

In 1773 Muller described cercaria from pond watér. He lﬁeta‘kenly thought they were
' protozoe. Bojanus (1818) actually described sporocysts and redia from snails. Mehlis
(1831) was first to see miracidia. Amphistomes which are present in the rumen of sheep
and cattle were eaten raw by African nstives for years but were not mentioned in the
literature until 1789 by Zeder. - ¢ '

The first 1life cycle of veterinary importance involving an arthropod intermediate
host was that of tne double-pored tapeworm in the dog (Dipylidiim caninl.g) which was
solved by Leuckart and Metnikoff (18;69)\.‘ The secondary host was the biting louse of the

-
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dog. Braun (1882) demonstrated that the broad fish tapeworm required an infective stage
in fish but the copepod host was not discovered until 1917 '
‘ l B s
The first animal speclies of helminth which was found to require the mosquito as an
inte;mediate host was Dirofilaris immitis. "This was obserjred- by Grassl and Noe in 1900.

.

The human hookworms were not described until 1842 and 1902. The shesp hookworh was
described by Rudolphi in 1808. Chabertia, the large mouthed worm of sheep, was recorded
in 1788. Ancyloatoma caninum of dogs wa3 noted in 1859. e

In 1846, for the first time in North America Leidy discoveredy Trichinells spiral
in the muscles of pork. The life cycle was solved by Leuckart- (185‘)'5 and Virchow (1L 59
The life history of Echinococcus granulosus was studied and the cycle pleced together over
a period of years, from 1852-1863, by Siebold, Kuchenmeister and Leuckart. Also in 1855
Kuchenmeister and ckart solved the life history of Taenia solium. The €irst trematode
1ife cycle, Fagciola hepatica, was determined ind.ependently ‘by Leuckart and Thomas %n
188%, The 11fe cycle of Diphyllobothrium latum was learned by Rosen and Janicki (1917).
Complete studies of the life cycle of Ascaris lumbricoldes was recorded by Ransom and

Foster in 1920.

Until about 1900 it was generally accepted that only two species of strongyle® were pe
found in horses. In 1901 Looss in his classical monograph described 10 distinct species. - !
Since this work over 60 species of strongyles embracing 14 genera have been described.

Bansom 41911) showed that the house fly acted ag the Intermediate host for the horse

stomach worm (Habronema). )

¢ The oldest branch of veterinary medicine is the treatment of worms. Some of the
drugs which were uséd before the time of recorded history are still used today. The
Greeks contributed male fern, the Indians and Chinese presgnted areca nut and pomegranate
bark, the Arabs demonstrated kamala and the American Indians, oil of chenopodium. These
drugs probably were used against tapeworms. One of the most important contributions to~
veterinary parasitology was that of Hall (1921} who intrgduced carbon tetrachloride for
the treatment of worms. Later Hall and Shillinger (1925) utilized tetrachlorethylens.
Drugs of fairly recent origin include: arecoline hydrobromide for® tapeworms, copper sul-
fate for stomach worms in sheep and hexylresorcinol as a general anthelminthic. Recent . .
developments have been phenothiazine for nodular worm in sheep, sodium fluoride for swine
ascarids and lead arsenate for sheep tapeworms.

TYPES -OF PARASITES
The term parasite may be used in’'a broad or restricted menner, Animal parasitism may
include any association in which one species of animal depends upon another. In a narrow
sense, parasitlism usually means damage by the parasite to the host animal. P

Symbiosis strictly speaking implies the permenent association of two different organ-
isms which are so dependent on each other that one cannot exist without the other. Thse
t classical example of symbiosis is that of the protozoan fauna in the intestines of ,
the termite. These protozoa change the wood material which the termitee eat into a digest-
able form. Without this help termites cannot live. '

. Commensalism is an association whereby the animal parasite (commensal) is benefited
but the host. is neither benefited or harmed.

The term mutualism is occasionally used in parasitology. This denotes an association
whereby both the host and the parasite derivg mitual benefit from each other.

Parasitism is the condition when the parasite benefits and the hogt is harmed. The A
term parasite should be used to indicate & plant or animal that lives upon or within a :
host and maintains itself at the expense of the host. Helminth 1s a term usually applied
to a parasitic worm. coL ’
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