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PREFACE

The first edition of Feterinary Clinical Parasttology was published in 1948 and has been
used since that time by students, veterinary practitioners and others as an aid in the
diagnosis of parasitic infections. Since 1994, it has been published under the auspices of
the American Association of Veterinary Parasitology (AAVP) with the proceeds going
1o support student travel to the AAVP annual meeting. This sponsorship has not only
supported development of more than one generation of veterinary parasitologists, but
has also nvolved a community of parasitologists in the production of the book. The
relationship with AAVP continues with the 9th edition. Also, as with past editions, this
edition focuses on morphologic identification of parasites, which continues to be widely
used in veterinary medicine, increasingly in combination with molecular orimmunologic
techniques.

There are also some new features in the 9th edidon. We have added a chapter
summarizing information on modern parasiticides. Additionally, preceding the photo-
graphs of parasites for each common domestic animal in Chapter 1 there is a table
listing current U.S, label-approved treatments for many parasitic infections. We have
also added another new chapter called Diagnostic Dilemmas. In this chapter we present
challenging climeal scena and diagnostic results and allow the reader to make a
diagnosis. A discussion of each of these scenartos is available on the accompanying
website of the book.

The 9th edition also marks changes m the authorship of Veteriary Clinical
Parasitology. This is the final edition that will be authored by Dr. Anne Zajac (author
since the oth edition) and Dr. Gary Conboy (author sinee the 7th edition). Drs. Susan
Little and Mason Reichard, who joined as authors for this edition, will guide the book
poing forward and continue its association with AAVP.

Amne M. Zajac
Gary A. Conbay
Susan E. Little
Mason V. Reichard
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The fecal exammation for diagnosis of parasitic infections is one of the most common
laboratory procedures performed in veterinary practice. Relatively inexpensive and nonin-
vasive, fecal examination can reveal the presence of parasites in several body systems,
Parasites inhabiting the digestive system produce eges, larvae, or cysts that leave the body
of the host by way of the feces. Occasionally, even adult helminth parasites may be seen in
feces, especially when the host has entenitis. Parasitic worm eggs or larvae from the res-
piratory system are usually coughed into the pharyax and swallowed, and they too appear
in feces Mange or scab mites may be licked or nibbled from the skin, thus accounting for
their appearance in the feces. Many parasitic forms seen in feces have characteristic mor-
phologic features that, when combined with knowledge of the host, are diagnostic for a
particular species of parasite. On the other hand. certain parasites produce similar eggs or
vocysts, and cannot be identified to the species level (e.g., many of the strongylid-type
cges from livestock). Fecal examination may also reveal to a limited extent the status of
digestion, us shown by the presence of undigested muscle, starch, or fat droplets.

Fecal exams should be conducted on fresh fecal material. If fecal samples are submitted
to the laboratory after being in the environment for hours or days, fragile protozoan
trophozoites will have died and disappeared. The eggs of some nematodes can hatch
within a few days in warm weather, and dentification of nematode larvae is far more
difficult than recognizing the familiar eggs of common species, Also, free-living nema-
todes rupidly invade a fecal sample on the ground, and differentiation of hatched para-
site larvae from these free-living species can be time-consuming and difficult.

Owners of small animals should be instructed to collect at least several grams of
feces immediately after observing defecation. This will ensure the proper identification
of the sample with the client’s pet (i.¢., a sample from a stray animal will not be col-
lected) and that feces rather than vomitus or other material is collected. The limited
amount of feces recovered from the rectum on a thermometer or fecal loop should not

Veterinary Clinical Parasitology. Niath Edition. Anne M. Zajac, Gary A. Conboy. Susan E. Little,
and Mason V. Reichard

© 2021 John Wiley & Sous, Inc. Published 2021 by John Wiley & Sons, Inc,

Companion website: www wiley.com/go/zajac/parasitology



VETERINARY CLINICAL PARASITOLOGY

be relied on for routine parasitologic examination, since many infections that produce
only small numbers of eggs will be missed. Owners should be instructed to store fecal
samples in the refrigerator if the sample will not be submitted for examination for more
than an hour or two after collection.

Feces should be collected directly from the rectum of large animals. This is particu-
larly important when identification of individual animals is needed. Rectal samples are
also needed when the sample is to be examined for lungworm larvae or cultured for
identification of third-stage larvae, since contaminating free-living nematodes and
hatched first-stage larvae of gastrointestinal nematodes may be confused with lung-
worm larvae. I rectal samples are unavailable, owners should be asked to collect feces
immediately after observing defecation. The process of development and hatching of
common strongylid eggs can be slowed by reftigeration. Development is also reduced
when air is excluded from the sample by placing the collected feces in a plastic bag and
evacuating or pressing out the air before sealing the bag

If collected feces cannot be examined within a few hours, the sample should be refriger-
ated until it can be tested. Feces should not be frozen, because freezing can distort para-
site eggs. If a sample needs to be evaluated for the presence of pmh-}.un trophozoites
like Giardia and trichomonads, it should be examined within 30 minutes after collee-
tion. The trophozoite is the active, feeding form of the parasite and is not adapted to
environmental survival; it dies soon after bei

Increasingly, veterinary practitioners in the United States are using reference
tories for routine diagnostic tests for parasite infection. Specific laboratory instructions
for age, storage and transportation of s 5

passed in the feces

Ord-

mples to commercial labs should be followed. In

general, when fresh fecal material is submitted to another laboratory for examination, it
should be packaged with cold packs. In some cases, preservation of -\*”»l‘!“ mi pie
ferred. Helminth eggs can be preserved with a volume of $%-100. buffered formalin equal
to that of the sample. Formalin fixation also inactivates many other infoctions orga isms

that may be present. Special fixatives, such as polyvinyl alcobol (PVA), are required to
preserve protozoan trophozoites and are n :

Slides prepared from flotation tests do not travel well, even if
with nail polish, since hyperosmotic flotation solutior v
or larvae unrecognizable within hours of preparing the shide However
tion tests can be preserved for several hours 1o several davs by placing
erator in a covered container containing moist paper towels 1o ¢
Ttis best to place applicator sticks under the slide to p

used in vetennary practices

¢ coverslip is nnged

nake parasite cggs

ies from flota

i A reing

revent it from becomir

Before performing specific tests on the fecal sample
noted; consistency, color, and the presence of ¢ L\.n
specilic parasitic infections. Hookworm dis: ¢ example
duces dark, tarry feces, whereas diarrheic feces caused by <X
excess mucus and frank blood. The preses S
should also be noted

1S gencral ap

ucus

d or 1 1wy all be

ease in dogs,

whipworms ma

¢ of adult parasites or tapewort



FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM
Fecal Flotation

The technique most commonly used in veterinary medicine for examination of feces is
the fecal flotation test. This procedure concentrates parasite eggs and cysts while sepa-
rating them from much of the sample debris. Fecal flotation is based on the principle
that parasite material present in the feces is less dense than the fluid flotation medium
and thus will float to the top of the container, where it can be collected for microscopic
evaluation. Flotation tests are ¢ and inexpensive to perform, but in busy practices
the choice of flotation solution and test procedure often does not receive much consid-
cration, despite the substantial effect these choices can have on the sensitivity of flota-
tion exams.

Choice and Preparation of Flotation Solutions

Many different substances can be used to make flotation solutions. The higher the spe-
cific gravity (SPG) of the flotation solution, the greater the variety of parasite eggs that
will float. Additionally, studies have shown that fecal flotation tests recover only a por-
tion of each type of parasite egg/cyst in a sample because of variation in individual
. binding to debris, and so on. As SPG increases the portion recovered increases,
which is an important consideration when the number of eggs in the sample 15 low.
However, as SPG increases, more debris will also float, and the risk of damage to cggs
from the hyperosmotic solution also increases. These factors limit the range of useful
Hotation solutions to SPG ranging from approximately 1.18 to 1.3. Both salt and sugar
flotation solutions are commonly used in vetennary parasitology and provide flotation
for common parasites with lower specific gravities than the flotation solution (Table 1.1).

Saltsolutions are widely used in flotation procedures. A common flotation solution
used in the United States is a commercially available sodium nitrate solution (SPG 1.20).
Chis solution will float common helminth eggs and protozoan cysts. The commercial
solution 1s not a saturated solution of sodium nitrate (SPG 1.33). Slides prepared with
any salt solution need to be examined relatively quickly after they are prepared because
crvstals torm as slides dry and parasites may be damaged, making them more difficult
to identify

Zie sulfute (ZnSO ) solution ata SPG ol 1.18-1.2 s another salt flotation solution,
1t 1s preferred at SPG 118 for recovery of Giandia, but recovers a higher proportion of

Approximate specific gravity of some common helminth eggs
Species Speific gravity
tney lastonia canimum 1.06'
Tovocura canis 109!
Taxocara cati 110!
Trichurss vulpis 115
Tuenia sp 123
ysalople 124
1.09*
yies 105

i ephala perfoliata 106"

Sources: From 'David £, and Lindquist W 1982, Determination of the specific gravity of certain helminth eggs using
. son. J. Parasitol, 6§:916-919, Norns 1., Steuer A. et al. 2018, Determination of the
strongylids, Parascaris spp., and Ane

pradient cetnd

pexific gramity of ¢ggs of equinn plo perfoliata. Vet. Parasitol. 260-45-48



VETERINARY CLINICAL PARASITOLOGY

other parasites at SPG 1.2 and is probably used more frequently at this SPG. 1t is com-
mercially available and when water is added to the purchased salt solution as directed,
the resulting SPG is 1.2.

When detection of Giardia is required, a 33% zinc sulfate solution (SPG 1.18) is
recommended because it does not cause the same rapid collapse of cysts seen with other
flotation solutions and they are more easily recognized n flotation preparations

Saturated solutions of sodium chloride (SPG 1.20) and magnesium sulfate (Epsom
salts, SPG 1.32) are less widely used but can be casily prepared, are inexpensive, and are
effective in floating common helminth eggs and protozoan cysts

None of these salt flotation solutions will reliably float most trematode eggs, some
tapeworm eggs, and very dense nematode eggs or larvae.

Another common solution used in routine lotation exams is Sheather’s sugar solu-
tion (SPG 1.25). Because of its relatively higher SPG, Sheather’s solution is also more
efficient in recovering helminth eggs than common salt solutions, especially tapeworm
and more dense nematode eggs. In addition, 1t does not distort eggs as rapidly as the salt
solutions. Sheather’s solution is specifically recommended for recovery of
Cryptosporidium oocysts in fecal samples. but it does not appear 1o be as efle otive as
33% ZnSO, solution for detection of Giardia. Sheather’s solution is inexpensive and
casy to prepare and is also commercially available in the United States, but it is more
viscous und sticky than salt solutions. The advantages and disadvantases of these solu-
tions are shown in Table 1.2 and instructions for preparing them are given below

Although the SPG of flotation solutions s not often measured in practices, it can
be easily determined with an inexpensive hydrometer from a scientific supply company
A hydrometer will last indefinitely and should be considered part of quality control for
the vetermary practice laboratory

Compari of
Flotation solution Spevific gravity

Sodium mirate
(NaNO) Commercial | g 2
product

Saturated NaNO, 33
Zincsulfate (ZnSO,) L1512

Saturated sodium 12 e
chlonde (NaCh :
Sawrated magnesium 132 : g
sulfate (Epsom salts) wins
k
Sheather's sugar 120-1.28 -
solution Protozoa eges and . e ;
A S xv

SPG




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM
33% ZINC SULFATE SOLUTION (SPG 1.18)

Combine 330 g zinc sulfate with water to reach a volume of 1000 mL.

Additional water or zine sulfate can be added to produce an SPG of 1.18. If zinc
sulfate solution is used with formalinized feces, the SPG should be increased to 1.20
and a SPG of 1.2 s often preferred for general use.

Check the SPG with a hydrometer.

SATURATED SODIUM CHLORIDE (NaCl, SPG 1.2) OR MAGNESIUM
SULFATE SOLUTION (MgSO,, SPG 1.32)

Add salt 1o warm tap water until no more salt goes into solution and the excess set-
tes at the bottom of the container.

To ensure that the solution is fully saturated, it should be allowed to stand over-
night at room temperature. If remaining salt erystals dissolve overnight, more can
be added to ensure that the solution is saturated. Table salt contains an anticaking
compound that does not dissolve and should not be confused with residual sodium
chloride crystals. Pickling salt does not contain this compound.

Check the SPG with a hydrometer, recognizing that the SPG of saturated solutions
will vary slightly with environmental temperature.

SHEATHER'S SUGAR SOLUTION (SPG 1.2-1.25)

Combine 355 mL (12 {1 02) of water and 454 ¢ (1 1b) of granulated sugar (sucrose).
Corn syrup and dextrose are not suitable substitutes.

Dissolve the sugar i the water by stirring over low or indirect heat (e.g., the top
halt of a double boiler) 1f the container is placed on 4 high direct heat source, the
sugar may caramelize instead of dissolving in the water.

After the sugar is dissolved and the solution has cooled to room temperature, add
6 mL formaldehyde USP to prevent microbial growth (30 mL of 10% formalin can
also be used, with the volume of water reduced to 330 mL).

Check the SPG with a hydrometer.

Flotation Procedures

No matter how the flotation procedure is performed. the principle is the same. After
mixing the flotation solution and the fecal sample together, the less dense material even-
tually floats to the top. This process can oceur either by letting the mixture sit on the
benchtop for w specified time (passive flotation) or by centrifuging the mixture,
Centnfugation makes the flotation occur more rapidly and efficiently, regardless of the
flotation solution used. Many practitioners like to use convenient commercial flotation
kits that provide @ container for collection of the sample and performing the test.
However, the convenience of the Kits is offset by the loss of sensitivity in the fecal exam
procedure. A smaller amount of feces is used and the test cannot be centrifuged.

The increased sensitivity of the centrifugation procedure is particularly important
i infections whete the diagnostic form of the parasite may be present in low numbers
(¢ g, Trichiris and Giardia mfections in dogs and cats). Centrifugation is also necessary
when using 339 ZnSO, or sugar solution because of the slightly lower SPG of ZuSO,
solution and the high viscosity of sugar solution, both of which retard the flotation
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process. A veterinary practice that does not centrifuge flotation tests and relies on the
traditional benchtop technique substantially reduces the sensitivity of its fecal exams.

CENTRIFUGAL FECAL FLOTATION PROCEDURE

This is the best technique for the standard fecal flotation test regardless of the flotation
solution used. It is particularly important to use this procedure with Sheather’s sugar
and 33% ZnSO, flotation solutions to ensure that the flotation is effective:

Mix 3-5 g (about I teaspoonful) of feces with & small amount of flotation solution
in a paper or plastic cup. Cat feces and small ruminant pellets, which are sometimes
100 hard to break up easily, can be ground with & mortar and pestle or allowed to
souk in water until they become softer.

If the sample appears to contain a large amount of fat or mucus, an initial
water wash is performed. and water should be used in Step 1. The water wash may
be eliminated for most fecal samples of normal appearance
Strain the mixture of feces and flotation solution (or feces and water if @ water
wash is performed) through a double layer of cheesecloth or gauze. A tea stramer
can also be used.

Pour the mixture into a 15-mL centrifuge tube. If the rotor on the centrifuge is not
angled (i.e., if’ the tubes hang straight when not spinning), the centrifuge tube can
be filled with flotation solution until @ reverse meniscus is formed and .n-w\cnhp 1S
added (Fig. 1.1). The tube is spun with the coverslip. The centrifugal force gener-
ated by the centrifuge will hold the coverslip in place. If the centrifu L:C has an .;nglcd
rotor, fill the tube to approximately 10-12 mL {amount that will ;ucum spilling)
and place in the centnfuge.

Spin the mixture in a benchtop centrifuge for about 5 minutes at approximately
500-650 X g (650 x g is 2500 rpm on a 4-in. rotor), regardless of whether the feces
have been mixed with water or with the flotation solution. If a specific ¢ force and
speed setting cannot be determined, spinning the tube at the same speed used 0
separate serum from blood cells is sufficient

If the initial spin is a water wash, the supernatant should be discarded. the sedi-
ment resuspended with flotation solution, and Steps 3 and 4 repeated

Centrifuge tube filled with flotation solution to the 1oy d coverslip pi
i e 0 10p and coverslip placed in contact with the
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Allow the centrifuge to stop without using the brake. The slight jerking that results
from the use of the brake may dislodge parasites from the surface layer. If pre-
ferred, the tube can be allowed to sit for an additional 5-10 minutes to maximize
recovery of parasite material that may not have completed flotation through the
liquid column to the surface.

Following centrifugation, there are several ways to harvest the surface layer of fluid
containing parasite eggs. If the tube has been spun with the coverslip in place, lift
the coverslip off the tube and quickly place it on a microscope slide. When the tube
is spun without the coverslip, remove the tube from the centrifuge after spinning
and place in a test tube rack. Fill the tube with additional flotation solution to form
a reverse meniscus. Place a coverslip on the tube and allow it to sit for an additional
5-10 minutes before removing the coverslip and placing it on a slide.

Alternatively, after the centrifuge comes to a stop, gently touch the surface of the
fluid 1 the tube with a glass rod. microbiologic loop, or base of a small glass tube and
then quickly touch the rod to & microscope slide to transfer the drop or two of adhering

flwd. This procedure will be less efficient than allowing the tube to stand with a cover-
slip in place.

BENCHTOP (SIMPLE OR PASSIVE) FLOTATION PROCEDURE

When a centrifugal flotation procedure cannot be performed, sodium nitrate and satu-
rated saltsolutions can be used in a benchtop flotation test, although a number of stud-
ies have shown that this procedure will detect significantly fewer parasite infections than

the centrifugal flotation. This technique is not recommended for 33% ZnSO, or sugar
flotation tests:

Mix several grams (a teaspoonful) of feces with the flotation solution in a cup.
Strain the mixture through cheesecloth or a tea strainer.

Pour into & test tube, pill vial, or container provided in a commercial kit. Add
enough mixture or additional flotation fluid until there is a reverse meniscus on the
top of the container. Place a coverslip on the fluid drop at the top.

Allow the flotation to stand for at least 10 minutes, remove the coverslip, place it on
aslide and examine. I the testis allowed to stand for too long, the salt may crystal-
lize on the edges of the coverslip so that it will not lie flat on the slide.

FLOTATION SLIDES

Fecal flotation shides should be scanned using the 10x objective lens of the microscope
(since most microscopes also have an eyepiece magnification of 10X, using the 10x
objective gives  total magnification of 100x), Although most helminth eggs can be
Jetected with the 4 objective, protozoan parasites are easily missed and this low power
should not be used (or scanning. The 40% lens should be used when there is uncertainty
about the identity of structures on the slide and for scanning shides for Cryptosporidium
oocysts In some practices, to save expense, coverslips are not used. However, slides
without coverslips dry out faster, do not have a flat plane of focus, and cannot be exam-
ined with the 40% lens, with the result that some parasites will be identified incorrectly
or missed entirely
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EGG-COUNTING PROCEDURES (QUANTITATIVE FECAL EXAMS)

Egg-counting techniques are also flotation tests and have several uses in food animals
and horses. They can be used to assess the degree to which individual animals or groups
are contributing to pasture contaminations with parasites, to assess efficacy ol drug
treatment (discussed in a later section in this chapter) and, in some cases, (0 determine
relative levels of individual susceptibility to parasite infection

Egg counts are of limited value in making judgments about the clinical condition
of individual animals because many factors affect egg production, including parasite
species, individual host immunity, and stage of infection. Also, counts performed on
combined samples from a number of animals may not accurately reflect parasitism
within that herd.

The easiest quantitative test to perform is the modified McMaster test. This test
requires the use of special reusable slides (Fig. 1.2), which can be purchased from sev-
eral suppliers (including Chalex Corporation, Wallowa, OR [www.vetslidescom); Focal
Point, www.memaster.co.za; JA Whitlock & Co., Eastwood, New South Wales, Australia
[www.whitlock.com.au]). The capacity of the counting chamber and the number of
chambers counted per sample affect the detection level of the test. Saturated salt solu-
tions are usually used as the tlotation solution i this test.

As it is most commonly used. the modified McMaster test has a detection level of
25 or 50 eggs per gram (EPG) of feces. This level is acceptable in many situations since
parasite control programs do not usually require detection of lower c
However, the accuracy of the McMaster test is reduced when ¢ .
limits of detection. When egg counts of less tha
animals being evaluated (e.g., n adult cattle or camelids) or when it is important to
detect low numbers of eggs more accurately | m fecal ege count reduction tests
[FECRTS]), a modification of the test is appropriate. The sensitivity and precision of
the McMaster test can be improved by using sl i llow examination of larger
quantities of the egg/flotation solution mixture, or by counting additional «
the sample.

Alternatively, other procedures with lower det
the Wisconsin sugar flotation test (double e C

numbers.

counts are at the lower

00 EPG are expected in a group of

des

g fified Stoll
) Al : wdified St

cgg-counting test. These procedures permit detection of fewe 10 EPG of fecal

matenial but are more time-consuming to perform, Another proced FLOTAC

-

LYY

SACUAN W ST Ot

"

McMaster stide used in the modified McMaster pros

T quantitative egg co
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test, has been developed in Europe. Several studies have demonstrated greater precision
and accuracy of the mini-FLOTAC compared to McMaster and Wisconsin tests but at
this time it has limited availability and has been used in the United States primarily in
research,

Another commercially available test for determining equine fecal egg counts is Parasight
(Lexington, KY [www.parasightsystem.com]). This system provides counts of equine stron-
gyle and Parascaris spp. eggs. An equine sample is mixed with reagents and fluorescence-
imaging 15 used with a software counting algorithm to produce a fecal egg count.

Regardless of the procedure used to count parasites, the most important clement is
consistency, Each step of the procedure should be performed in the same way for every
sample.

Modified McMaster test.

For ruminants, combine 4 g of fecal material with 56 mL of flotation solution to
vield a total volume of 60 mL. The test can also be performed with 2 g of feces and
28 mL of flotation solution when only small amounts of feces are available. For
horses, 101s standard i the United States to use 4 ¢ of feces and 26 mL of flotation
solution. See Note | below for modified calculations. Portable electronic scales that
weigh in 0.1-g increments are widely available and inexpensive. If @ method of
weighing feces is not available, adding manure to the measured flotation solution
until the final desired volume is reached can also be used (e.g., add manure to
26 mL of fluid to a total volume of 30 mL). This method would be more accurate
with horse or cattle manure compared to the pelleted manure of small ruminants or
camelids

Mix well and strain through cheesecloth or @ tea strainer. The mixture does not
have to be strained, but it will be much easier to read the slide if large pieces of
debris are removed. An alternative to straining is to use a filter pipette to transfer
material to the counting chamber (a pipette with 12 mesh/em wire mesh at the end
15 available from JA Whitlock & Co. [www.whitlock.com.au]).

Immediately fill each chamber of the McMauster shde with the mixture using a
pipetie or syringe. The entire chamber must be filled, not just the area under the
grid. If large air bubbles are present, remove the fluid and refill

Allow the shide to sit for at least § minutes before examining to allow the flotation
process to oceur, There has been hnuted investigation of the maximum amount of
tme shdes can be allowed to sit before reading and there is no standard recommen-
dation. Allowing shides to sit for an hour does not seem to alter results.

Look at the slide with the 10X lens, focusing on the top layer, which contains the air
bubbles At this level, the lines of the grid will also be in focus. Count eggs, oocysts,
and any other parasite stages, in each lane of both chambers. Each type of parasite
should be counted separately. In some cases, eggs can be identified to genus or per-
haps to species (e, Strongyloides, Trichuris, and Nematodirus), whereas others
must be counted as a category of parasites (coccidia, strongylid eggs).

To determine the number of parasite EPG of feces, add the counts for both cham-
bers for each parasite. The most commonly used McMaster slides in the United States
are calibrated so that the number of eggs counted in a single chamber represents the
number present in 0.15 mL of fecal mixture. If both chambers are counted and the
results are added, the total represents the number of eggs present in 0.3 mL, which, for
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example, is 1/200th of a total volume of 60 mL; therefore, the number of eges counted
must be multiplied by 200. However, if a total of 4 g of feces was used in the test, the
result must be divided by 4 to yield EPG of [ Muluplying by 200 and dividing by 4
is equivalent (o multiplying the number of eggs counted by 50. Therefore, cach ege
observed represents 50 EPG in the final count. The same level of detection can be
achieved by using 2 g of fecal material and 28 mL of flotation solution. The smaller
amount of feces may be preferred when evaluating small lambs or kids.

Additional Notes

If a detection level of 25 EPG is desired, the McMaster test should be performed
with 4 g of feces and 26 mL of flotation solution (results are then multiplied by 100
and divided by 4 as described earlier). Other combinations of manure and flotation
solution can also be used with appropriate calculations using the formula

eggs/g= [uo:ggs counted > (7' /1 ):,, /i

where T = total volume of feces/flotation solution mixture, ¥ = volume of aliquot
examined in slide, and F = grams of feces used

If pelleted feces are very hard. 2-5 mL of water can be added first and left to soften
manure for at least an hour. The flotation solution is then added to the softened
manure (flotation solution volume reduced by the amount of water used to soften
leces).

A variety of methods can be used 1o homogenize
to mixing with a tongue blade or other u
or handheld kitchen mixer to homogenize feces and water/(lotation solution
Shaking manure and fluid in a jar with glass beads has also been used. but as previ-
ously stated, whatever method is used. it shoul
In another procedure for the McMaster
strained, and centrifuged, and the supern
added to resuspend the sediment and mixed, and the mixture is used to
counting chambers. For example, 3 g of feces is mived w
and the fluid used to fill a 15-mL centril
650 X g for 2 minutes. The supernatant is then discarded and (lotation solu
added to partially fill the tube, which is either shake
sediment. Additional flotation solution is added 1«
chamber s filled. If the eggs in a volume of 0.3 mL are ¢
seen is multiplied by S0 to give the number of ege
culated using the formula described in Note 1. T
for reducing debris but increases the time req

ves and liquid. As alternatives
oratories use a mechanical

nsil, so

Id be consistent across samples

feces is mixed initially with water

is discarded. Flotation solution is

42 mL of water, straur

¢, Whach s ©

t

Mini-FLOTAC
The Mini-FLOTAC device and the Fill-FLOT. AC device, which are used topether in the
mini-FLOTAC procedure, are available in North At C3 the University of

Georgia. The test should be performed as described it
test device. This procedure is generally more time

with the

¢ provided

-consuming

t

han the basic modified

McMaster procedure but is more accurate and precise
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Wisconsin, Cornell-Wisconsin egg-counting test (double
centrifugation procedure).

The Wisconsin egg-counting test or double centrifugation flotation test is used to quan-
titate eggs when low EPG are expected. Unlike the McMaster test, where eggs are
counted n an aliquot of the mixture of feces and flotation solution, the Wisconsin test
preparation collects eggs from the entire fecal sample/flotation solution mixture.
Because it is ime-consuming and difficult to accurately count numerous eggs on a slide
with no grid this test is not suited to many circumstances where a quantitative count is
needed. Any flotation solution can be used in this test:

Combine -5 g feces and 12-15 mL of water in a cup. Mix and strain into another
cup, rinsing first cup with 2-3 mL of water and straining, pressing the liquid
through. Pour into & 15 mL centrifuge tube.

Centrifuge (properly balanced) at 300-650 * g for 5-10 minutes.

After spinning, discard the supernatant and resuspend the pellet in flotation
solution.

Either spin the tube with a coverslip in place or allow additional incubation after
spinning as described for the centrifugal flotation procedure.
Remove the coverslip and place on a glass slide.

Examine with the 10x objective lens.

Count and record the number of each type of parasite egg/eyst seen, systemati-
cally scanning the shide and counting ¢ sts of cach parasite species or
group separately. Care must be taken to ensure that each microscope field on the
coverslip 1s examined once but only once so that no eggs are missed or counted
wice

This technique allows the quantification of less than 1 EPG of feces.

Additional Notes

I desired, the initial water wash can be omitted and the sample can be mixed
directly with flotation solution and then centrifi
Alternatively, 22 mL of flotation solution is mixed with 5 g of feces, and the result-
g mixture 18 divided between two tubes This medification increases the accuracy
of the procedure

fodified Stoll test

Uhere are many modifications for the Stoll test, depending on the level of detection
desired. Like the MeMuaster test, the modified Stoll egg-counting procedure is based
on deternuning the number of eggs present in an aliquot of the prepared feces/flota-
ton solution mixture. Any of the fecal flotaton solutions can be used in this
procedure

Combine § g of feces and 20 mL of water in a cup.

Mix into & sturry and transfer 1 mL of the mixture (o a centrifuge tube, If the mix-
ture is not strained, a widemouthed or mesh-covered filter pipette is needed to
transfer the mixture

Fill the tube with flotation solution
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Place the tube in the centrifuge and add flotation solution until a slight inverse
meniscus is formed.

Place a coverslip on top of the tube. It should contact the mixture without causing
any to overflow.

Centrifuge (properly balanced) at 300-650 % ¢ for 10 minutes.

Remove the coverslip and place on a glass slide.

Examine with the 10% objective lens.

Count and record the number of each type of parasite egg/cyst seen, systematically
scanning the slide and counting eggs or eysts of cach par asite species Or group sepa-
rately. Care must be taken to ensure that cach microscope field on the coverslip is
examined once but only once so that no eggs are missed or counted twice

In this test, all the eggs present in I mL of the feces/flotation solution muxture were
counted following centrifugation. This represents 1725 of the volume of the muxture so
the number of eggs counted multiplied by 23 represents the total number of eggs pre-
sent, but this must be divided by 5 (grams of feces used) to vield EPG. In this situation.
the multiplication factor is § and the ¢ itivity of the test 1s 5 EPG. If the
volume of fluid added to feces in the first step is 45 mL, the final muluplying factor
would be 10.

For additional information on quantitative egg-counting procedures, see e 1u.nu\
by Verocai ¢t al. (2020), Neilsen and Re er (2018), Taylor et al. (2015), Coles et al
(2006), and the Ministry of Agriculture, Fishenies and Foods (1986)

mum s

Additional Procedures for Fecal Examination

The following procedures are used for identific

n of specific parasitic infections

Direct Smear and Stained Fecal Smears

The direct smear is used to identify pr ! won
amoebag, ete.) or other structures that float poorly : it i by flotation

OF are readuly distorted by

solutions. Because very little fecal material is used. the sens this test is low: IUis
not recommended for routine fecal exa tions
Mix a very small amount of feces with a dic s shde to

produce a layer through which newsprint can be read. Salir
water will destroy protozoan trophozo s
Use a coverslip to push large particles of debris to the s

on the slide. Examine with 10x and 40% m, [
sion) cannot be used effectively with fecal smears
I the fecal layer is oo thick, it will be possible 10 s
moving in the field. Movement is the principal charactenstic 1
of trophozoites in fresh fecal smears Adropof L s fodin,
nal structures of protozoan cysts but will
the use of this test, it is best to look

s 1odine
also kill ropho.

at an unstained smear I\uu, adding wodine

Fecal smears can also be stained for

x S identification of intestinal protozoa. Several
stans can be used for identification of i ‘

O wluding Zichl-Neelsen.

isporidium
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Kinyoun, carbol-fuchsin, and Giemsa stains. Trichrome stain is widely used in human
medicine for detection of Giardia cysts. In general, however, stains are not used exten-
sively in veterinary practices and are not required for the identification of parasitic
organisms. For details on performing these stains, a standard text on human parasito-
logic diagnosis should be consulted.

Fecal Sedimentation

A sedimentation procedure is used to isolate eggs of flukes, acanthocephalans, and
some tapeworms and nematodes whose eggs do not float readily in common flotation
solutions. In the simple sedimentation test, tap water is combined with feces and allowed
to settle briefly before the supernatant is removed. This allows the removal of fine par-
ticulate material, but unlike the flotation exam, sedimentation tests have only limited
concentrating ability. Fat and mucus can be removed from the fecal sample if a centrifu-
gal sedimentation exam is performed using ethyl acetate. Unfortunately, ethyl acetate is
toxic and very flammable. It should be stored m a flameproof cabinet and used only in
well-ventilated areas. An alternative to ethyl acetate i1s Hemo-De, available through
Fischer Scientific (www.fischerscientific.com), which is generally regarded as a safe
compound and appears to give equivalent results in a centrifugal sedimentation proce-
dure (see Neimester et al. 1987).

The Flukefinder® is a commeraally available apparatus for performing sedimenta-
ton tests i the laboratory. It uulizes several sereens to rapidly remove fecal debris. This
deviee 1s very useful in practices conducting routine fecal examinations for flukes.
Information on the Flukefinder can be obtained at www.flukefinder.com.

SIMPLE SEDIMENTATION TEST

Mix about 100 mL of water with about 10 g of feces, strain, and place in a beaker
or other container

Allow mixture to sit for 1 hour and then decant the supernatant,

Add more water, mix, and repeat the sedimentation procedure.

Stir remaining mixture and place a few drops on a microscope slide. If desired, add
one drop of 0.1% methylene blue The methylene blue will stain the background
debris blue but will not stain Muke eges, which will stand out with a yellowish brown
color,

Coverslip and scan the slide using the 10X objective lens.

A smaller amount of feces and water can be used, placed in a test tube, and left to
sitfor 35 minutes between decantation steps. Addition of a drop of dishwashing soap
1o the water used in the test helps to free eggs from surrounding debris.

CENTRIFUGAL SEDIMENTATION TEST

Mix | g of feces with about 10 mL of 10% buffered formalin or water. Pour mixture
mto a ISl centrifuge tube (with cap) until it is one-half to three-quarters full.
Add ethyl seetate (see carlier discussion on safety) or Hemo-De until the tube is
almost full. Because organic solvents may dissolve some plastic centrifuge tubes, it
is recommended that glass or polypropylene tubes be used for performing this test.
Cap and shake the tube approximately 50 times.
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Centrifuge for 3-5 minutes at about 500 x g (as for centrifugal flotation
procedure). ;
When the tube is removed from the centrifuge, it will have three layers: (1) an upper
layer containing ethyl acetate, fat, and debris; (2) a middle layer containing forma-
lin or water and fine particulate matter; and (3) a bottom layer of sediment. Using
an applicator stick. loosen the top debris plug that sticks to the sides of the tube,
then decant the supernatant, leaving only the bottom sediment.
Resuspend the sediment in a few drops of water or formalin, place one or two drops
of the sediment on a slide, coverslip. and examine with the 10X microscope
objective.

Baermann Test

The Bacrmann test is used to isolate larvae from fecal samples and is employed most
often to diagnose lungworm mfections. Je i very t the fecal sample be fresh.
If feces of a grazing animal are being examined and an old \\mr e is used, strongylid or
Strongyloides eggs may have hatched. or free-living nematodes may have invaded the
sample, making nematode identification much more difficult. In small-animal samples,
hookworm eggs may hatch very quickly and can be confused with lungworm of
Strongyloides larvae. Coprophagy and hunt
parasites being present in Baermann test pr
of nematode larvae see the section in this ¢f

g can also result in larvae of spurious

discussion of identification
“Identification of nematode larvae

A further constderation for using a Ba n test in diagnosis is that metastror
loid lungworms typically show erratic larval shedding patterns. Dramatic day-to-day
variation in larval shedding increases the chance of egative Bae
nation results. Therelo single negative lL;:x weak evidence for ruling
out lungworm infection in an animal sho ory discase. Detection
sensitivity is increased by doing multiple (at least

A Baermann test requires equipment to hold
vae can migrate out and be collected. This ¢
the use of a plastic wine glass with a hollow ste
glasses, the original Bacrmann apparatus can be used 1
to a metal stand. A short piece of tubing with a ¢
nel. Larvae in feces placed either in the bowl
out of the sample and fall down mto the hollow stem
where they can be casily collected (Fig. 1.3)

ann fecal exami-

Xamunations.
in water so that lar-

St
y accomplished with

Place at least 10 g of feces in a piece of double-layer che
cloth around the sample so that it is fully enclosed. Use
cheesecloth, and pass through the rubber band twe
other object that will rest on the edges of the glass or
ple. Alternatively, place the sample on a suspended picce of wire mesh or sieve
Fill the funnel or wine glass with lukewarm water. Make s

cheesecloth do not hang over the edge of the funnel or glass, because

rubber

1 suspend the sam

ure that ;I*; come

as wicks for the water. ;
Allow the sample to sit for at least 8 hours, preferably overnight
If using the disposable plastic glass, remove the fecal sample and collect the mate-

rial at the bottom of the hollow stem using a Past syringe.

eur or transfer pipette
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(A) The traditional Bacrmann 0 i of a ded funnel with clamped tubing
attached. For diagnostic testing of fecal samples, it 1s much more convenient (o perform the Baermann
exam with a disposable plastic wine glass (B)

Transter some of the flwd to a microscope shide, coverslip, and examine with the 4x
or 10x abjective lens.

I using the funnel, release the clamp and collect the first 10 mL of fluid into a
centrifuge tube. Spin as for a flotation exam, discard the supernatant, and examine
the sediment. Alternatively, the very steady handed can carefully loosen the clamp
and collect the first three or four drops onto a microscope slide.

Immunologic and Molecular Methods of Parasite Diagnosis

Immunologic methods have been important in the diagnosis of blood and tissue
parasites for many years, and they are now being used increasingly for identification
of specific parasites in fecal Molecular di ic methods are also now
being applied to detection of parasites in fecal sumplcs Although these techniques
cannot currently replace morphologic exam of feces as a routine screening procedure
for all parasites, they are useful for specific di s of p and helminth
parasites that are detected in foces. For the discussion of these dures, sce
Chapter 4,

Although the concept of quality control is not often applied to fecal exams, attention to
both equipment and training will help ensure that fecal exams are consistently done

correctly:
Keep microscopes in good repair. Objective lenses and eyepieces should be rou-
tinely cleaned with lens cleaner and lens paper. Have microscopes professionally
cleaned and checked every few years.
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Check the SPG of flotation solutions with a l|\'d.mmulcx \\'}\cn first pm;\:t:lctf"lf;
ensure that they will recover parasites effectively. If a batch of solution is used ove
‘ an extended period, SPG should be checked at least monthly. s
Use an ocular micrometer (see section on MICroscope ca}nbmlmu later in l]l\l.\ C |:|I‘_
'&‘-‘ ter) to measure structures seen on fecal exams. If possible, recalibrate the nicre
¢ at regular intervals.
;\Cl‘:{t‘:l:tgllll\ldl personnel performing the fecal exams are adequately trained. ll‘la
not unusual for untrained assistants to be given rudimentary instruction on pt.r-
A ; forming flotation tests and then be assigned to du»(.hcm l'uuc:. lhc.\ccncum.\uml*lx:\.
¥ it is hardly surprising that air bubbles are identified as coccidia and that smaller
ites are mussed entirely. 2
R;;?ls‘l:hcc; on the sliaguusl-lc accuracy of in-clinic fecal exams, periodically ‘auhn\l‘:
duplicate portions of fecal samples to a diagnostic laboratory. Both negative an

posttive samples should be submitted

i compoun 5 e . ne
There are several points to remember in using the compound microscope (o examing
preparations for parasites:

— Use the 10X objective lens of the microscope for scanning slides. This will provide a
total magnification of 100X since most 1

.. 10x lens. Start in one corner and systematically scan the entire slide. The 40X objec-

ces contain an additional

ICTOSCOPE eve

uon or

tive lens (400X total magnification with eyepicce) is useful for close
//,‘. for looking for very small organisms suc i Cry s he 100%
’;/; . (oil immersion) lens should not be wsed prepara Not ¢ ‘.\!\‘ nnﬂ
— ‘ likely that flotation solution will contact ke d possibly damage it, but the

£ pressure of the lens on the coverslip will create curre
keeping everything in motion and m
Most parasite and larvae have or no cole
Is important to maximize the contrast between 1}
If a microscope has a substage condenser it
adjustment of the condenser diaphr
position. Even when a substage conder
light projected on the slide is gener ally
rheostat setting or by reducing th,
used for close examination will, of ¢ e, require ay
When reading a slide, it is helpful to focus up a
change somewhat the plane of focus. | requent
ferent level than protozoan CYSIS OF 0OCYSIS
focus may make structures more readily v isible

examination of

sout

m or §

oF 1S 1

Microscope Calibration

The ability to measure the size of parasitic organisms and struct
when identifying unusual parasites or where different org

ance but differ in size. For measurements, a micromete.

SmS arc sumi ppe

r disc, also known as a reucic
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1

E The importance of small changes in the microscope focus can be seen in these three photos of
e same field 10 & cantie Tocal Notation test. In cach case, a slight manipulation of the fine focus brings a
dillerent parasite nto clearer view (first Cysiowospora oocysts, then hookworm eggs, and finally Toxocara
eges) since each epg or oocyst type may be preseat on a shghtly different level.
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i
0 10 20 30 40

A typical ocular micrometer of 50 divisions. The divisions &
against a stage micrometer

A typical stage micrometer of | mm total leng

(Fig. 1.7), 1s inserted into the ocular tube of the
known reference in the form of a stage micrometer
microscope must be individually calibrated with the ocu!
tion to be used, and the calibrations should be posted clos
reference. The calibration will be accurate only for that particu
and objective combination. Even if each lens is not cahibrated wi
ter, the ocular grid will provide a consistent refer rainst whi
seen in fecal samples. These ocular micrometer discs ar
expensive and can be purchased fram scientif

ic catalogs that include

equipment.
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bl 1‘)“1““\

Appearance at 40% of an ocular micrometer being calibrated with a 10 pm/division stage
micrometer. Note the conjunction of line 11 of the stage micrometer with line 49 of the ocular micrometer.

Calibration of the 40 objective illustrates the procedure for calibration of the
micrometer:

Lo calibrate the 40% objective, place the stage micrometer on the stage of the micro-
scope and focus until the lines are sharp. In the example (Fig. 1.9), the stage microm-
eteris | mm (1000 pm) long and is divided into 100 parts: thus, cach small division
of the stage micrometer represents 10 pm.

Superimpose any convenient numbered line of the ocular micrometer (usually the
0 mark) on a convenient line of the stage micrometer (the first large line in the
example). The field should now resemble Figure 1.9.

Find the two lines that are exactly superimposed. In the example, line 49 of the ocular
micrometer falls exactly on line 11 of the stage micrometer. Thus, 49 divisions of the
unknown ocular micrometer represent 11 divisions, each 10 pm i length, for a total
of 110 pm. To complete the calibration, divide 110 pm by 49 divisions, resulting in a
calibration factor of 2.24 pm per division for the ocular micrometer in the example,
Repeat this procedure for each objective lens to be calibrated on the microscope.

To use the calibrated microscope, superimpose the ocular micrometer scale on an egg or
cyst and count the number of divisions subtended by the s for le, 12.

Muluply 12 by the calibration factor (2.24 for the 40 x lens in the example; 12 x 2.24 =
26.88 pm, the size of the object measured).

Fecal samples may contain deceptive “pseudoparasites” and “spurious parasites.”
Pseudoparasites are ingested objects that resemble parasite forms; these include pollen
grains, plant hairs, grain mites, mold spores. and a variety of harmless plant and ani-
mal debris (Figs. 1.10-1.15). “Spurious parasites” are parasile eggs or cysts {rom one
species of host that may be found in the feces of a scavenger or predator host as the
result of coprophagy or predation (Figs. 1.16-1.18). One of the best ways to avoid
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59110 Examples of pseudoparasites. (A) Pine polica is a common pscudoparasite found wm fecal
samples of marny animals (300%). {B) Adult free-living acmatodes are also commonly found in focal samples
collected from the ground. These nematodss caa rapadly igvade focal material The preseace of adults and
variation in sizc and morphulogy (indicating differcat stages of tse life cycie) are helplul in distingsishing
these worms from parasite larvac.
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Examples of pseudoparasites. (A) Tnsect hair from the feees of an insectivorous bird, Insect and
plant haies may be confused with worms but have no iaternal structure. (B) This artifact in ruminant feces
appears to have structures resembling the hooks of a tapeworm embryo, but there is no distinct embryo and
the outer layer is poorly defined with projections that are vanable in size and shape (40%).

~ -y
N 7 W

Examples of pseudoparasites. (A) Plant hairs and other fibrous matenal can resemble
nematode larvae They can be preseat in a varicly of shapes and colors, but can usually be casily
differentiated from nematodes because they lack clear internal structures like a digestive tract. Also, while
one end is taperad, the other end ul\ul luokl as though it has been broken off another structure. (B) This
photo shows Saccl yeast common in rabbits and scen occasion-
ally i dogs (400x).
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7 Examples of pseud,
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Spunous parasites are parasite cges or cysts from another host that are acquired through
predation of coprophagy and have merely passed through the digestive tract of the animal being tested. (A)
Tapeworm egg found in a fecal sample from a call, Although the configuration of hooks inside this cgy
clearly identifies it as a tapeworm, it is most likely a rodent or bird tapeworm egg. (B) Spumun parasites are
common in samples from dogs that mgest fecal material. Eges of livestock strongylid species can be found in
feces of ma cating dogs. and equine st Iid eges look like canne hookworm eggs but are
larger and ruminant coccidia can usually be dulf:rmmled from dog and cat species based on size and shape.

Examples of spurious parasites {A) Large cyst of Monocystis, 8 protozoan parasite of earth-
worms found i the foces of a snake that feeds on carthworms (100X), (B) Individual Moaocystis oocysts
that have beea freed from a large cyst like the one shown in Figure 1.17A, These individual Monacystis
oocysts are common pseudoparasies (400x). Photo B courtesy of Dr. Yoko Nagamori, College of
Veterinary Medicine. Oklahomia State University

P

Examples of spunious parasites. (A) Adeling sp. oocystin a canine fecal sample. The oocysts of
llm penus are cocadia of inseets and oligochetes and contain eight sporocysts. (B) Feline fecal sample
s from a feline parasite (Toxocara) and a single cgg of 4 spunous parasite,
Tri s, & rodent parasite that 1s present as 2 result of huating actvity. Photos courtesy of Dr.
\| anigandan Lejeune, Ammal Health Diagnostic Center, Comell University.




VETERINARY CLINICAL PARASITOLOGY

misidentifying these pseudo- and spurious parasites is to appreciate the var iety of par-
asites that normally infect a host species. If a fecal sample contains a possible pseudo-
parasite or spurious parasite, it is best to repeat the examination with another sample
collected at a later time. To limit opportunities for coprophagy or predation leading to
ingestion of additional pseudo- and spurious parasites, small animals (dogs and cats)
should be confined or leash walked only for 2-3 days prior to collection of the second
sample.

Nematode larvae are passed in the feces
lungworms (Aelurostrongylus ahstrusus. A
Dictyocaulus spp., Filaroides hirt
spp., and others) or the intestinal threadworm, Sw
tification of nematode larvae detected on fecal flotation or Baermann tests tends to be
a challenge for the vetennary laboratory d
detected on fecal flotation, the damage due to the effects of high SPG flotation media
obscures the larval morphology to the point that identification is not possible ( 1.19)
Therefore, the Baermann technique is the preferred method to recover first-sts
tode larvae from feces except in the case of @ osleri or F i infection in
(Figs. 1.94, 1.95). The Baermann technique is effective in recovering larvae th

gnostician. In many cases where larvae are

infected with Oslerus and Filaroid 1 e to migrate out of the fece
Therefore, zine sulfate centrift 1ded method for the detec
tion of larvae in the feces of dogs infected with

A further complication in larval ide
sample integnity due to improper col
diately after deposit on the ground m V2
nematodes. The challenge of sorting out these nematod

WOTTIS.

ur when there is a loss of

ure of the high specific gravity flot
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beyond the training and experience of most veterinary lahumtory diagnosticians. In
addition, hookworm, strongyle, or lml\omom,ylc egys, |l‘ present in feces, can develop
and hatch in a short time under warm condi Iting in the detection of larvae
that will be difficult to distinguish from those 1 normally passed as larvae in the
feces. In small-animal practice where pet owners collect the fecal sample, the clients
must be given guidance as to the requirements for a proper fecal sample. In the case of
dogs, clients should be instructed to collect the fecal sample immediately after deposit
and place itin an airtight. leakproof container. If submission to the veterinarian cannot
oceur within several hours of collection, the sample should be refrigerated at 4°C. In the
case of cats, the litter pan should be cleaned and the next fecal sample observed in the
pan should be collected and handled as above. Rumi or horse samples should be
collected from the rectum. If clients are collecting sumples from the ground, they should
be mstructed to avoid collection of the portion of manure in direct contact with the soil.
Lastly, a further complication in test evaluation can be the presence of spurious para-
sites acquired through predation or coprophagy.

I'he first question in the decision tree when evaluating nematode larvae is: parasite
or free-living? Parasite larvae range in size from 150 10 400 pm and their simplcdnammy
consists of @ mouth opening leading to a buccal tube, csnplmgu\ mtestine, and anus.
There may also be a discernable genital primord| F w/soil/pl
often occur in multiple life stages (from egg to adult), and size mc‘la\mmcnl\ are highly

variable. The presence of adult female (eggs in the uterus, vaginal opening—Fig. 1.20) or
adult male (spicules—Fig. 1.21) worms or the presence of an oral stylet in the buccal
tube (Fig. 1.22) indicates that the sample may have been invaded by free-living nema-
todes. Unfortunately, Strongyloides spp. have a free-living generation that will develop if
the sample is incubated and therefore are also a possibility when adult stages are recov-
cred in a fecal sample. Detection of adult worms in the sample is an indication that the
animal should be resampled and a fresh fecal sample should be submitted.

Another source of potential confusion in identifying larvae in feces is particularly
common in coprophagic dogs, and can also oceur in dogs or cats that are allowed to

Vaginal opening (grrow) of a free-living adult female nematode recovered from the feces of &
s The feces were left on the ground long enough prior to collection to allow free-living soil nematodes to

invade the sample
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(A) Antenor end of a first-stage larva of Strongylowdes stercoralis recovered from the feces of &
dog This larva has been Killed and stained with dilute iodine. The rhabditiform esophagus is well defined
and obvious. Note the short buccal tube (arrow) and the rhabditiform esophagus made up of the corpus (€),
wsthunus (1), and muscular bulb (MB). Also note the distinet border demarcating the end of the esophagus
and the start of the intestine (GI). (B) Anterior end of an iodine-stained first-stage larva of Crenosonta
vidpis recovered from the feces of & dog. Note the poarly defined esophagus (E). It is difficult to discern the
demarcation between the end of the csophagus and the start of the intestine (GI),

coverslip resulting in the death of the larvae. Alternatively, the larvae can be heat killed
by passing the coverslip over the flame of 4 Bunsen burner to effect (several to many
times). Larvae recovered on fecal flotation may or may not be already dead. Fecal flota-
ton slides should be viewed as quickly as possible since the larval damage due to
osmotic pressure will progressively worsen over time, Differentiation of the various
parasitic nematode fieststage larvae is based on overall size and the morphology of the
esophagus and tail, First-stage larvae of intestinal parasites (i.e., S. stercoralis or hook-
worm-strongyle- trichostrongyle eges that have hatched) can be differentiated from the
numerous lungworm larvae based on the presence of a distinet rhabditiform esophagus
(Figs 1.23A, 124, and 1.26). The rhabditiform esophagus consists of an anterior cor-
pus that narrows to an isthmus and then ends in a muscular bulb. The rhabditiform
esophagus is sharply delineated and well defined with an obvious sharp demarcation
between the end of the esophagus and the beginning of the intestine. The overall length
of the rhabditiform esophagus is less than 25% of the total length of the larvac
(Fig. 1.24). In contrast, the esophagus of the lungworm larvae tends to be less well
defined and longer, making up about 33%-50% of the total length of the larvae
(Figs. 1.23B and 1.25). The relatively short buccal tube differentiates the larvac of
Strongyloides (Fig. 1.23A) from those of hookworms-strongyles-trichostrongyles,
which have a long buccal tube (Fig. 1.26).

Differentiation of the various lungworm larvae is based on tail morphology. In dogs,
larvae with a straight tail and lacking a rhabdiuform esophagus are Crenosoma vulpis (see

FECAL EXAM
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Anterior end of & fi ge lana ol a b , Uncinaria phala, recovered from an
improperly collected fecal sample of & dog. This larva has been killed and staned with dilute iodine. As with
Sirongyloides, note the corpus (C), isthuus (1), and muscular bulb (B) of the rhabditiform esophagus and
the intestine (GI). In contrast to Stroagyloides, note the long buccal tube (BT).

straight tails, one with an abundance of visible food granules (Dictyocaulus filaria) (see
Fig. 1.152) and the other without (Protostrongylus rufescens) (see Figs. 1,149 and 1.150).
Another lungworm, Muellerius capillaris, produces Larvae with a kinked tail and dorsal
spine (see Figs. 1,146 and 1.147). Crstocaulus and Neostongylus are small ruminant
lungworms that are found in parts of Europe and Asia. The tails of their larvae have
additional spines that can be used to differentiate them from Muellerius larvae.

Grazing amimals are infected with & variety of species of strongylid nematodes, which
produce eges that are not easily differentiated. In veterinary practices, it is usually
unnecessary (o identify individual species because treatment and control are generally
directed o the entire group of nematodes rather than to a single species. If identifica-
tion of the strongylid genera present in an animal or group of ammals is needed, the
simplest method for identification is culture of eggs 1o the third larval stage. In rumi-
nants, these Larvac can then be identified o parasite genus. T horses, this technique can
be used to differentiate large and small strongyle larvae and identify some genera spe-
cifically Currently, rescarchers are developing protocols for identification of parasite
genera using molecular techniques (polymerase chain reaction IPCRY]), and these proce-
dures are now becoming commercially available.

Fecal Culture

Fresh feces from cattle or horses should be thoroughly mixed and moistened with
water if dry. Feces should not be wet, only moist. Larvae do not survive well in very
wel fecal material. If feces are very soft or liquid, peat moss or vermiculite can be
added to create a more suitable consistency. Sheep and goat pellets can be cultured
as they are, without breaking them up. Rectal fecal samples are preferred for culture
to prevent contamination with free-living nematodes.

Place feces in a cup or jar in a layer several centimeters deep. The container should
have a loose cover that does not prevent air circulation but will deter flies and reduce

29
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desiccation, The culture can be kept at room temperature for 10-20 days or at 27°C
for 7 days. Daily stirning of the culture will inhibit mold growth and circulate oxygen
for the developing larvae. Additional water can be added if feces begin to dry out.

Following the culture period, harvest larvae with the Bacrmann test described previ-
ously. Alternative containers and methods for harvest of larvae can be found in
Bowman (2014). Taylor et al. (2013), and other textbooks of veterinary parasitology.

Identification of Ruminant and Camelid Third-Stage Larvae

To identify larvae, place a drop or two of liquid containing larvae from the Baermann
procedure on a microscope slide. Add an equal amount of Lugol’s iodine. The iodine
will kill and stain the larvae so that they can be examined closely
Larvae recovered from ruminant fo be most ¢
combination of morphology and size The st
and of the sheath extending beyond the tail at i
tant charactenstics, and both should be evaluated on ca
is made. The sheath is the retained cuticle of the sec
with increased protection from envire al conditions. Measurements of total larval
and sheath length are helpful as well (Table 1 3), !uu sizes often overlap between
and size characteristics can be affecte lture conditions and age of
Cunscqucnll). measurements alone should not t\ used to identify larvace

ily idenufied by a
< of the head and the shape of the tail
posterior end of the larva are impor-
ch larva before an identification
and provides larvac

i larval st

Morphologic characteristics of infective third- -stage strongylid larvae
of domestic ruminants
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Relative proportions of parasite genera in larval cultures cannot be nied
numbcra of adult worms in the gaslmmwsunal tract. For example, Hac

ndull parasncs of olhcr genera are present in substantial numbers. Figuml
show morphologi cteristics of third-stage larvae of mﬂlﬂmﬁh‘ﬂl

and canlc.

Third-stage lanvae of common small raminant strongylid genera collected from fecal culture,
This photo shows the relative size relationships among the larvae The following photographs show the
details and the antenor and postenior ends of the individual larvae. Nematodiruy spp. larvae are usually not
cocountered i cultures and are not dlustrated here. They are bigger i total length and have a longer tail
sheath than other larvae. (A) Trichasirongilus, (B) Tekedorsagia, (C) Ocsophagostomunil Chabertia, (D)
Haemondhus, and (E) Cooperia. Photo courtesy of Dr. Tom Yazwinskt and Mr. Chnis Tucker, Department
of Animal Science, University of Arkansas, Fayetievilie, AR,

Thicastrongylus larva from sheep, head (A) and tail sheath (B). The head of Trichastrongylus larvae
1s tapered and the tail sheath 1s short. The tail may end 1n one or two Wherositics. Photo courtesy of Dr. Tom
Yarwmski and Mr. Chris Tucker, Department of Animal Scicace, University of' Arkansas, Fayetteville, AR.
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Haemonchus head (A) and tail sheath (B). The larvae of Haemonchus have the most narrowly
rounded head of the common larvae. The tail sheath is mediim in length and often has a slight kink at the
end of the tail Photo courtesy of Dr. Tom Yazwinski and Mr. Chris Tucker, Department of Animal
Science, University of Arkansas, Fayetieville, AR.

Cooperia from a sheep, head (A) and il sheath (B). Cooperia third-stage lary
by a paic of refructile bodies (arrow) present in a squared head. These bodies mdlffzﬂl‘!‘nm dlnlnguu‘l::‘l
casy Lo appreciate under the microsoope. The sheath of the tail is medium in lcnlih and !n.penng oF finely
pointed. Photo courtesy of Dr. Tom Yarwinski and Mr. Chos Tucker, Department of Animal Science,
University of Arkansas, Fayetteville, AR

Strongyloides papillosus 1s a tode of rumi that 5 unrelated o the impoy strongylid
nematodes. Infective thind-stage larvae of Slrm(lluld(s nuy be present in hrv-lmimns Thl?yn;omhm
a sheath and the esophagus is very long (E). Add 2
cultures contaminated with soil. For inft on identi freed s lhﬂmlm

\entifying larval nematodes in fecal samples. Photo courtesy of D Tom ) Yazwinski and Mr. Chiis Tucker,
Department of Animal Science, University of Arkansas, Fayetteyille, AR
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Third-stage Cooper las
length of the il sheath is variabl
other specics of the genus (B) F
Animal Science, University of Ar

. ! to courtesy of D Yarw
Animal Science, University of Arkansas, Fayeutevilic, AR

Additional information on identification of ruminant third-stage larvac can be
found at the website of the RVC/FAO Guide to Veterinary Diagnostic Parasitology
\\\ukr\c,ac‘uk/rc\'n:\\/Par..uimlvg_\ /Index/Index.htm and in van Wyk and Mayhew
(2013).
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“Tail sheath of He chus (A) and Oesoph (B) from cattle. The il sheaths of the
parasites occurring in cattle are similar to those in sheep. Photo courtesy of De. Tom Yazwinski and
M. Chris Tuckes, Department of Animal Science, University of Arkansas, Fayetteville, AR,

Tail sheath of Bumyssomuen, Species o this ruminant hookworm infect both catle and sheep.
The third-stage larva is smaller than those of other genera and has a thin tail sheath, Photo courtesy of
D Tom Yarwinski and Mr Chris Tucker, Department of Animal Science, University of Arkansas,
Fayeuteville, AR

Identification of Third-Stage Larvae of Equine Strongyles

Horses are infected with over 30 species of strongylid parasites, but only a fow e
wdentified on the basis of the third-stage larva. Most of the small strongyle Snecies con
only be identified as cyathostomin parasites from the infective larval stage (Fig. 1.38
and Tuble 1.4). The posterior portion of the sheath of horse strongyle larvae jis very
long and filamentous, making these larvae easily recognizable as infective parasite lar-
vae. The number of intestinal cells in these larvae is variable and is useful in
identification.
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principles for conducting FECRT are presented here. For additional details in conduct-
ing these tests several recent publications can be consulted: Kaplan R. M. 2020, Biology,
epidemiology. diagnosis, and management of anthelmuntic resistance in gastrointestinal
nematodes of livestock. Vet Clin. North Am. Food Anim. Pract. 36:17-30, and
American Association of Equme Practitioners. Internal Parasite Control Guidelines,
updated 2019; https:/faaep.org/guidelines/parasite-control-guidelines,

Although there is some variation in protocols for conducting FECRT, the following
general principles are presented followed by comments specific to host species.

Test Groups and Selection of Animals

An accurate FECRT requires adequate animal numbers. In cases where owners wish
1o test very small flocks or herds, it 1s important to be cautious in mterpretation of
results. For ruminants 15 animals are preferred, but at least 10 should be used for each
drug to be tested. For horses, where herd sizes are often low, at least six horses per
group is recommended. Where only one or two animals are available an impression of
drug eflicacy can be obtamned following treatment, but it should not be considered a
reliable or accurate FECRT. In very large herds, 10% of the total population is
adequate.

ALl animals used in the FECRT should have adequate egg counts to allow reduc-
tons to be determined accurately. For sheep. lambs of 3-6 months of age and cattle less
than 16 months are the best candidates for a FECRT. Goats of all ages can generally be
used. TUis best i animals used in the test are similar in age and management. Fecal egg
counts in adult cattle usually are 100 low to be used in an FECRT. It will be helpful to
perform the FECRT at the time of year when fecal egg counts are expected to be the
highest, based on epidemiology of the parasites in a region.

As a general guideline, the modified McMaster test can be used when the average
FEC 15 500 EPG with a group size of 10 or 230 E with a group size of 20, If average
spe counts fall below this level, an alternative test for quantifying parasite eggs must be
sed 1o provide an accurate picture of drug efficacy. Alternatives include decreasing the
detection hinit of the modified McMaster test by using larger sample aliquots (e.g.,
using larger counting chambers available from several companies,) or using other tests
with a lower detection imit (mini-FLOTAC, Stoll, or Wisconsin tests; sce section on

Egg-Counting Procedures [Quantitative Fecal Exams]”).

An alternative procedure for conducting a FECRT using composite fecal samples s

described in Kaplan (2020)

Test Drugs and Collection of Posttreatment Samples

Ongee the test group or groups of animals have been established with a pretreatment
fecal ege count, each animal should be individually weighed and treated with the test
drug at the manufacturer’s recommended dose.

On farms where individual animals cannot be weighed, the fecal egg count reduc-
ton (FECR) can be approximated by treating all animals with the drug dose for the
estimated heaviest animal in the group. The results, however, will not be entirely accu-
rate because some animals will be receiving more than the recommended dose, w
may be temporarily effective against worms resistant to the recommended dose.
will lead to an overestimation of drug efficacy.

ich
This
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The optimum time following treatment for collection of posttreatment samples var-
ies with the test drug because of variable effects on larval stages and temporary steriliz-
ing effects on adult parasites. For ruminants. the following intervals are recomme nded:

* benzimidazoles, levamisole, or pyrantel 10-14 days.
« ivermectin and other avermectins 14-17 days.
+ moxidectin 17-21 days.

For convenience in both ruminants and horses. a standard period of 14 days before
collection of the posttreatment samples is often recommended.

Interpretation of Results

ormula

The % FECR is calculated using arithmetic gro

Y%FECR = ([pretreatment FEC - posttr atment FEC]/ pretreatment FEC Jx 100

h fecal

s with partic
p means are used in the calculation In
dividual FECR usi

Jroup avera;

When small groups of animals are use
counts can dramatically skew the FECR wi
these cases (e.g.. in small groups of
the above formula and then ave

The FECRT can also be conducted by compa
group of untreated animals with that of
used less often than the comparison of §
in the same group of animals because o
counts must be similar in the two groups The §
accordingly when treatment and contro! groups 2

ses). it is best to calculate
sdividual FECR to obtain
g mean posttreatment EPG in a
ed animals. This procedure is
atment samples of individuals

are needed and pres

is .‘..“g.!

ala for caleulating FEC

i

FECR = ([control FEC - treatment FEC 1/ control FEC ) x 100

If no resistance is present, and the test is sdminister

nants can reliably decrease fecal egg counts by >95%. For horses, reductions in fecal egg
counts when no resistance is present shou 354 for benzimidazoles, >98% for
ivermectin and moxidectin, and >90", fo ¥

The FECR obtained when 1 & group « an indication of drug
efficacy, but is not equivalent to the prc population thy
removed by treatment. For example, if 1 Y t large propor-

1% the propor
' sicl

tion of worms in the animals are probably res
tion of resistant worms is much smaller

worm genera are resistant in ruminants, the ner 1 pre- and
posttreatment fecal samples can be identified by t PCR. In
horses, drug resistance is most often present in smal uns), which

cannot be readily differentiated to species based on m

IDENTIFICATION OF ADULT WORMS

Tapeworm segments and adult gastrointestinal nematodes may occast
passed in feces and presented for identification by concerned ow ners. Se
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common tapeworms can usually be readily identified to the level of genus by shape
and identification of eggs in the segments (see Figs. 1,99, 1.102, 1,105, 1.106,
and 1.154 for photographs of common tapeworm segments), but nematode parasites
may be more difficult to identify. When preserving nematodes for further identifica-
tion, it is helpful to place them first in tap water and refrigerate the container for
several hours. This will relax the worms and make them easier to examine. After
relaxation, the worms can be placed in 70% ethanol or 10% buffered formalin,
Ethanol, but not formalin, allows later identification with molecular s. While
not optimum preservatives for all helminths, these chemicals are readily available to
most vetennarians,

The most common nematodes presented by pet owners are the ascarids (round-
worms; see Fig. 1.72). These large, stout-bodied worms are common in feces and yomi-
tus of kittens and puppies. Horse owners might also see equine ascarids that are up to
50 cm (about 20 m.) in length. Smaller nematodes present in equine manure may be the
large and small strong strongyles may
be red or cream in color and no more than about 2-4 cm i length (see Fig. 1.168).
Oxyuris, the equine pinworm, can reach 15 em, and the females have distinctive long,
thin tails (see Fig. 1.174). Nematodes are most likely to be seen in diarrheic feces or fol-
lowing treatment

Specific identification of adult nematodes is usually based on morphologic varia-
tons of the outer layer, or cuticle, of the worms. Microscopic examination of the
mouthparts and accessory sexual structures may be required. To enbance visualization
of these structures, the worm can be mounted in & clearing solution, which dissolves the
solt tissue, leaving only the cuticle. If the worm is large, the areas of diagnostic impor-
tance (usually the anterior and posterior ends) can be cut off” and mounted in a few
drops of the clearing solution. Procedures for making Hoyer's and lactophenol solu-
tions are given below, but they are not usually prepared in veterinary practices because
they require cither controlled or hazardous substances. Both are commercially
available

Depending on the parasite species, accurate worm identification may require the
evaluation of subtle morphologic characteristics that will be unfamiliar to most practic-
ing veterinarians. When specific parasite identification is needed, worms should be sub-
mitted to

les or pinworms (Oxyuris). Larval or adult horse

wrasitologist for examination

Hoyer's Solution

Hoyer's solution also provides a permanent mounting medium for specimens, although
the clearing process will continue until eventually internal structures will no longer be
visible

+ 30 g gum arabic;

+ 16 mL glycerol

+ 200 g chloral hydrate
+ S0 mL distilled water

Dissolve the gum arabic in water with gentle heat. Add the chloral hydrate, then the

glycerol
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Lactophenol

20 mL glycerin, pure;
+ 10 mL lactc acid;

» 10 mL phenol crystals, melted:
» 10 mL distilled water.

Combine all ingredients.
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The following photographs in this chapter illustrate the diagnostic stages found in feces
of a wide variety of both common and some uncommon parasites of major domestic
species. Because an appreciation of relative sizes of parasite eggs, cysts, and 00cysts, is
very helpful in identification, & line drawing precedes sections showing parasites of
common mammalian hosts (Figs. 1.39, 1.40, 1,121, 1.122, 1162, 1.180). Generally, pho-
tographs of’ s and cysts were taken using the high-dry (40%) objective, although
some photographs using the 10 objective are included to show relative sizes of eggs
and eysts.

The figures in which cach parasite appears are fisted after the name. They may
include figures in other sections where more than one parasite is illustrated.

An cffort has been made to minimize taxonomic information while still permitting
an appreciation of the larger groups to which each individual species belongs. For more
specific taxonomic information, a textbook of veterinary parasitology should be
consulted

Also at the beginning of the sections for dogs and cats, ruminants, horses, and
swine are tables showing common U.S. label approved products for treatment of a num-
ber of parasitic infections. Label dose and withdrawal information should always be
consulted before treatment of ammals with parasiticides.
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Dogs and Cats

Helminth Eggs, Larvae and Protozoan Cysts
found in freshly voided feces of the

Dog, Wolf, Coyote and Fox

ASCARID EGGS

Toxascaris leonina  Toxocara canis

EGGS WITH BIPOLAR PLUGS
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fr————y
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Helminth Eggs, Larvae and Protozoan Cysts
found in freshly voided feces of
Cats
ASCARID EGGS MORULATED EGGS LARVATED EGGS
o~
{1}
Y

Physaloptera spp.

Toxocara cati  Toxascaris le

EGGS WITH BIPOLAR PLUGS

a
: H
g o)
Nt ¥
N~

Dipylidum caninum

LARVAL NEMATODE

I 100 pr
< ]
\ f
\ / Aelurostrongylus abstrusus
\ /
Alasia spp PROTOZOA
heticol
& LY
L C m  Cyswisospora  Toxoplasma
3 nvolta gondi
Spirometre 8. & «
Giardia sp.  Tnirichomonas
blagbumi
Cryplosporidium spp. / ; \
i
Figur wherg and Mr. Gary Averbeck, College of Veterinary Medicine,
L v ol M

ot spp. are similar in appearance to Toxoplasma 0ocysts.
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Giardia sp

Ancylostoma spp.

Toxascaris lenina
Toxocara canis

Uncinaria
stenocephala

Trichuris vulpis

Eucoleus spp,

Physaloptera spp.
Spiracerca lupi

Strongyloides
stercoralis

Label-appy

* Extralabel use suppe

Rep for sel d of dogs
Parasite Effective treatments Deosc and administration route
Cystoisosporaspp. “Ponazasil, “toltrazusil 10-30 mg/kg orally g 24 h x 1-3d

“Sulfadimethoxine ter according to label directions
od with

avoid in

“Febantel

‘Fenbendazole
1 directions

Febantel, fenben
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for

Parasite

Cystoisospora spp.

Tritrichomonas
blaghurni

Guardia sp

tncylosioma spp.
Toxocara catl

Effective treatments
Ponazunil, “toltrazuril
“Sulfadimethoxine

‘Ronidazole

Febantel

*Fenbendazole

Emodepsid

milbemycin oxime, py
pamoate. transde

mectin

nal moxidectin,

Transdermal moxidectin

‘Epsiprantel

Praziquantel
Pranquantel
‘Feabendazoly

Praziquantel

Prazniquantel

e, epanomectin, ‘vermectin

p of cats

Dase, route, and regimen

10-30 me/kg orally q 24 h % 1-3d

Administer according to label d

3050 mg/kg orally 12 h X 14 d; use with
caution dug to safety concerns

30 mg/kg % '3 d (combined with

praziquantel and pyrantel); avoid in
pregnant animals

50 my/kg orally g 241 % "3 d
A c d 1o label di

kg

SO mg/kg fenbendazole orally g 24 h X 5 d,
ain 4 weeks; 0.2 mg/kg ivermectin

rep
subcutaneously, repeat in 2 weeks

Admunister according to label directions

Administer according to label directions

Effective agamstintestial stages when
administered according (o label directions
Administer clevated dose (25 mg/kg) for
2 consecutive days

S0 m,

25 m,

orally for 10-14 days
kg cvery 8 hours for 2-3 days

25 mg/kg every 8 hours for 2-3 days

Taxocard cati
particular cauiton in young or detnhitated

found 1a Chaptes
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Protozoan Parasites

Cystoisospora (Isospora) spp. (Figs. 1.4-1.6, 1.41-1.45, 1.47, 1.70, 1.78, L.101)
Common name: Coccidia.

Protozoa (coccidia). Several host-specific species are found in the dog
rowsi) and cat (C. felis, C. rivolta)

(C. canis, C. ohioensis. C. neorivolta, C.

Worldwide.

Small intestine, cecum, and colon

Cats and dogs are infected by inge:
transport hosts (often rodents. but also
prey animals). Following development
undergo sporulation in the environm

ed oocysts or infected
1ants, birds, and other

stion of

1 Motation examination. OQocysts
in a single, round cell
nsis. C. bwrrowsi, and

Oocysts are
have smooth, clear cyst walls, are ellif
(sparoblast) when freshly pa
C. neorivolta are not morphologically

sed

are referred to as the
C. ohioensis complex
Size: C. canis, C felis

Other Cysioisospe

These are
and cats, although other parasites also
found in the feces of many clinically normy
most often occurs in puppes and kittens, ofte
owner, or other stress factors. S
weight loss. In severe cases. bl
neurologic signs have also be
ficult to reproduce in experime

20 um
Dog : =%
oocysts) and oAl o ¢ n
Virgima-May ; F De. Dasnd La
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L Oystoisospora oocysts usually require a minimum of 1-2 days to become infective for the next
houupomlued) In warm conditions, occysts undergo the first cell division soon after being passed i the
lmlnmtwwﬂnmdwymbemhfwmudomhmfwumk.lmmm
0acyst (arrow) is adjacent Lo one in the two-cell stage.

© Asporulated Cvsteisagron 0ocyst contains (wo sporocysts. each containing four
mlmmmwummmmwwmdmmmmm bevmnlmdm
each sporocyst. A large, round residual body is also present in cach sporocyst.

L Custoisospora vocyst and two iodine-stained Giardi t s)in ine fecal sample.
Photo courtesy of Dr. Robert Ridley. College of Veterinary Medicine, Kansas State University,
Manhattan, KS.
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Toxoplasma gondii, Neospora caninum (Fig. 1 47)
Protozoa (cocaidia).
Worldwide.

ssma) and

Intestine and other tissues of cats and other felids (Toxoy
dogs and other canids (Neospora)
estion of cysts containing brady-
ammary transmission as well
oocysts can also occur.
asma transmission.

Toxoplasma is transmitted to cats by
zoites in tissues of intermediate hosts. Prenatal and transe
as direct transmission through ir
Transmission of Neaspora in dogs af

of sporulate

nilar to Toxay

arsto bes

eces by centnfit or simple flotation
to be produced in infected
urrent and ]‘.l\l C\p«’&u[c o

Qocysts are detected
techniques. However, very few oocysts of N
dogs. Immunodiagnostic tests are available to )
Toxaplasma in cats but are usually
ceased. Dogs can also be tested for
oocysts of the two genera are mor
and contan u single round spor
Hammondia, produce similar o
Toxoplasma or Neospora t

10t positive ur g
m:z‘l\\i\ to Neaspora. The small, spherical-shaped
. have a clear smooth cyst wall,
coccidia genera, includin
recludes definitive identification of

of oocysts has

it after fecal
il after fecal p

:

Size: 11-14 X 9-11 pm

Toxt erated. Chinical
disease (ocular, respirato
pressed animals. Toxoplasmosi
consequences in pregnant wo
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is also an important cause of ¢

nMUNOsup-
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I Neaspors
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Sarcocystis spp. (Figs. 1.48 and 1.49)
Protozoa (coccidia). A number of species infect dogs or cats, cach with a
specific intermediate host.
Worldwide.
Small intestine of dogs and cats

Cat and dog definitive hosts are infected by inges wermediate host tis-
sue containing sarcocysts. Sexual reproduction in dogs or cats leads to formation of
oocysts that sporulate while still in the intestinal

aal tract of dogs and cats.
wre

sporulated sporocysts
lotation techniques
Size: 7-22 X 3-15 pm

Sarcocyst definmitive host,
although some species can cause severe disea
pigs, horses)

st (cattle, sheep,

Cryprosporidiam spp. (Fig. 1.50

Protozoa (coccidia). Crape i felis and C canis af
primary species infecting cats and dog

pear o be the

Wor

&

Small intestine

These parasites have
ingestion of oocysts, which are infe
asexual and sexual muluplica
and exit the host in the feces.

Small vocysts
other stains of fecal smears, S

Sheather’s su

ular diagnostic procedures. Qocysts ¢
indistinguishable, while C felis oocysts

Size; C fehs 3.5-5
C. parvur, canis 7X Sur
Cryptosporidiosis has been -
chronic diarrhea in cats. Afvec § X
Although implicated in rare instances, ¢ . i

not appear to be a sigaificant source of zoon
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wm

Xysts are sim
ns four banan.

cine, Kansas §

coccidia oocysts and have a smooth, clear cyst
es. Photo courtesy of Dr. Robert Ridley,
rhattan, KS.

University
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socyst wall usually ruptures before exiti
ve present (arron ). The
ourtesy of Dr. Yoko Nagamon, College

§ 0OCys

eysts of C canis and € felis are

lis cocysts are smaller in size. Cryptosporidum

S
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Trichomonads (Figs. 1.51 and 1.52)

Protozoa (flagellate). Species identification of these organisms in dogs and

cats is currently under investigation. Tritrichomonas blagburni has recently been identi-

fied as a species of feline tichomonad.
Probably worldwide
Large intestine of cats and dogs
Very little is known about transmission. Infection is
tact since no environmentally resistant cyst stage is known 1o occur

probably by direct con~

be detected in direct saline
i Tnchomonad organ-
embrane and lack the facelike
ed States, the InPouch™

T foetus infections m

The presence of trop!
smears of fresh feces. Flotation solutions w
isms can be confused with Giardio but have o
appearance of Giardia. For detection of 7
TF-Feline culture system, similar to tl
cattle (see Chapter 2), can be used. Co

so available
Size: 6-11 % 34 pum

h feline

sidered

Cases of chronic diarrt ssociated v
T blagburni infection; howeve

to be of limited pathogenicity

most triche

erally o«

Giardia duodenalis (= G intestinalis, G lamblia, G. canis, G. cati, €1}
(Figs. 1441531 539)

Protozoa (flagella XIS Tl
gation. Molecular analysis is used to allocate
from dogs belong to Assemblages C and D

Worldwide

Small intesting of

Dogs and cats are infected by ingesting cys the environt
Trophozoites are stimulated und
host in feces

er cer cond s 1o encyst and are passed from the

The preferred i dure for ¢y cle s centrifu
2al flotation with 33% ZnSO, solution: other Nlotation solt Wy ¢ apid distor-
tion. To improve sensitivity of testir :

al antigen test is recommended. Trc

smear of fresh diarrheic feces or duo

denoscopic aspirates. Examinatios 1
ites should occur within 30 minutes of collection of refris ration. Commet PCR and
indirect fluorescent antibody (IFA) tests

»  Size Cyst 9-13 X 7.9 um

Trophozoite

17 X 7-10 pm

Giardia is a common P
are asymplomatic, but acute, chronic, o
in young dogs and cats. Aj
mfected with asser

Is Many infections

occur, particularly
are infrequently

r intermuttent diarr

hough a low-risk zoonosis, cats a
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1A um
onad parasites i and cats h tive undulating membrane. In fresh saline
w0st casly confused with G but trichomonads lack the facclike

novement of Giardia trophozoites is
ky

¢ and the concave ventral ol G
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the anterior flagella and part of the
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A drop of Lugols iodine

internal structures more prominent. T < < d mod
can be seen in the cyst shown here
N\ afl’
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trophozvite i are bilaterally symmetrical and
pyrifo \ two bodies, and a ventral, concave, adhesive
disk that gives them a clown face.
-
200 um
Unstained ( o o in a direct s The concave sucking disc is distinctive on
like a f ! ce 1 the

oton when swimming (often described as
c ficld of view

) a

ssociated with a p
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Helminth Parasites

Ancylostoma spp., Uncinaria stenocephala (Figs. 1.4-1.6, 1.60, 1 6l, 1.70,1.71, 1.76)
Common name: Hookworm.

Nematodes (order Strongylida).

Ancylostoma caninum (dogs) and A £

A. braziliense (dogs and cats): tropical and subtropical distnibutic
found primarily in the Guif’ Coast region

A. ceylanicum (dogs and cats): various parts of Asis

Uncinaria stenocephala (dogs, rarely cats). primar
including the northern United States, Ca

1: in the United States

rale reglons,

3Aa, and

Small intestine of do

ry transnuission

Transmission of 4. canmu
and direct skin penetration by infective |
environment or in paratenic hosts Tt
of infective larvae or paratenic hos
with hookworms either by skin
tenic hosts (rodents). Adult hox

ac from the
irs by ingestion
fected

2 I
Vae, Of In pa

beir

he foces.

niques. Ancvlostoma and Uncinaria
cal shape and smooth shell wall o
However, they differ i size

Size: Ancylosto

U stenocephaia 1-9

incylostc
mfections, particularly in pupps
fatal anemia. Peracute, acute,
braziliense and A. canimum may cause cutascous larva
enteritis in humans. dncylos
feline infections are subclinical, but heavy infections causing anemia and weight .
can be fatal. Uncinaria srer k p

ala is kess patho

nd chr

@ Inlections m Cals are loss ¢
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ol hookworm in the United States, slightly
lons can occur. as shown here.

24 pm

trom & cat. The egg on the right contains
. Hookworm eges exposed (0 warm
< and hatch
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oo Mammomonogamus spp. (Figs. 1.62,1.76)
“ovoons Nematode (order Strongylida).
Geographic Distribution; Caribbean, Asia.

L ocation in Host: Nares and nasopharynx primarily.

Life Cyele: The life cycle has not been completely described. Infection probably fo
ingestion of infective larvae.
Laboratory Disgaosis: Centrifugal fecal flotation with solutions of 21.25 SBG
detect eggs. Mucus surrounding eggs in nasal dm*hnge samplﬁ may mlubﬂ
Mucus can be d by p with §°
repeated sedimentation in water.

Size: 90-133 X 54-88 pm

Clinlcsl Significance: A

n cats.
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26 pm

fikely 1o be seen i cats from Canibbean

f o
ds or par nd 15 shightly thicker than that of a hookworm
hoto ce ary Med: Ross Umiversity, St Kitts, WL
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Purisii: Toxocara spp. (Figs. 1.4-1.6, 1,18, 1.63-1.65, 1.67-1.74, 1101, 1.103, 1.109)
Common name: Roundworm.

Janinon . Nematode (order Ascaridida).

Geographic Distribution: Worldwide.

Tocation in Host: Small intestine of dogs (77 canis) and cats (T cari).

Life Cyule: Single-celled eggs pass from the hostin the feces and develop to the infective
stage in the environment. Dogs acquire infections of 7° canis by transplacental and
transmammary transmission or by the ingestion of larvated eggs or paratenic hosts
(rodents). Cats acquire 7. cati infection by ingestion of larvated eggs or paratenic hosts.
Transmammary transmission may also 0ccur in some circumstances.

Laboratory Disguesis: Eges are detected using centrifugal or simple flotation examina-
tion techniques. Toxocara eggs have & dark, round, single-celled embryo contained ina
thick shell wall. Eggs of the two species may be difficult to differentiate. Toxocara canis
tends to be subspherical, and T cari tends to be elliptical in shape.

Size: T canis 85-90 x 75 pm
T can 71-75 x 61-65 pm
Climical Tmportance: Toxocara is an important pathogen in puppies and kittens
Stillbirths, neonatal deaths (7. canis). or chronic ill-thaift (7" cons, T cati) can ocour
infected animals. Adult dogs and cats are much less likely to have symptomatic infoc-

tions. Additionally, both species have zoonotic importance as causes of visceral and
ocular larva migrans, particularly in children

Parasite: Toxascaris leonina (Figs 1 45, 1.65 1.73, 1 74)
Common name: Roundworm.
favonomy: Nematode (order Ascaridida).
Locution In Host: Small intestine of dogs, cats, wild canids and felids

Life vl Thclifcwdu is similar to that of Taxecara spp . although there is no trans.
| infec Dogs and cals are infoected following ingestion of
larvated egg.s or animals with encysted larvae in their tissues (rodents, rabbits)

i Diagnosis: Eggs are detected using centrifugal or simple fotation fecal
examination techniques. Tovascaris eggs are elliptical with a thick, smooth outer shell
wall containing a light-colored, single~celled embryo. The internal surface of the shell
wall appears rough or wavy due Lo the vitelline membranc

Size: 75-85 X 60-75 um

Clisical Imy : Toxascaris is much less common in dogs and cats than Taxocara
andueonndmdto be of minor clinical significance.
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30 pm

26 pm

d to the ligh

cggs are typical ascarid eges with a thick shell. They contain a single cell when first

Toxocara egg. the rough, pitted shell-wall

c dark singfe-cell embryo and rough

pearince of
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Baylisascaris procyonis (Figs. 1.66-1.68, 1.74)
Common name: Raccoon roundworm
Nematode (order Ascandida)
Parts of North America and Europe

ad oocastor

Small intestine of raccoons
Raccoons are infected by ingesu
(rodents, rabbits, birds). Routes of nfec
may also pass Baylisascaris ¢ !

M nfectnve

s folloy

flotation exami-
e, large, round-

g5 are o

have a fine granulir shell-

Size: 63-75 x 5360

central nervous system
puals, and humans

cither patent adult worms in
tral nervous system disease




afected dog. Usually, Baylisascaris cggs are
1 lacking the protein coat, Baylisascaris
Sascd can be differentiated from those of

ell-wall surface rather than the pitted surfuce of

the presence of a
e presence

ly nusidentified as Toxoow

sed on thetr smaller size an

S0 pm

wis egg (arrow), Eggs of B. procyoms appear in the
larger Toxocara cgg (85-90 % 75 pm) has a
s cgg i smaller, has a fincly granular shefl-wall

s are casily missdentified as ZToxocara n canine fecal

AT TICTOMIELET (0 MEASUIT ogg Size.

Ts Ta

-8 B

56 pm

os i & caning fecal sample. Toxascaris
shell 1 contrast o the other two specics.
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Toxocara and other ascanids typically require several weeks of developmeat in the covironment
before an infective larva forms, although mnitial kerval development can vocur in a few days i hot weather

£ &

-

Canine feval sample contaising Taxevars camis (T) snd Ancylostoms (A) ¢
Cystoisaspora oocyst (C). 4 g a8

Toxocara, Ancylosioma, and Trichur, L=
intestinal belmuaths coumtered o dege e’ 88 0 4 i fecal sample. These are the most common

Midiine, Kasas Sate Universicy, Manbattan, K5, 7 Rooert Ridley, Colloge of Veterinary
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s, particularly in young or
commonly seen by owners.
ssumes & C shape when passed out

own here.

! y @ s can be used 1o differentiate species
n « 1 s 1o the cervical alae (winghke
* ) Adult sy i from the feces or vomitus of cats
B, which has less prominent cervical alae.
A ]
The ce « {0 those of Tuxascaris

ascaris (B) lack
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. 1.76, 1.78, 1.79, 1.116)

Trichuris vulpis (Figs. 1.71, 1.75
Common name: Whipworm.

Nematode (order Enoplida)
La) occurs in cats
Australia

1 the environment. Eggs @
aving the host in the feces,

1 and less effec-

1etrical about the

tively by simple {lotation exs
bipolar plugs, barrel-shaped.

Size: 72-90 X 32-40 pm

Heavy infectic
profuse diarrhea that may be
crine disease. Infection with feline
Canbbean islands prevalence is high

Eucolens (= Capillaria) acre

Common name: Fox

Nematode (order En.

A
¢

Eucoless ¢ s s been

reported from North and South Amenica and Fun pe

philus). Epithelium of
boehm)

The definitive host is probat fected by ing cges coatam
infective larvae, althou

mucus samples. The eg

fw). are bipolar phy
embryo.

> Fucoleus 17 f g 4
foxes. Eucoleus bochmi infections are usu subcl

PO s = s
and a mucopurulent nasal discharge that may conta




The egg of Trichuris vulpis with 1ts promment bipolar plugs is one of the most common found
camine feces. Capillarid species also produce cggs with polar plugs. Also shown in this photo are Monacystis
cysts (M), & spurious protozoan parasite of carthworms Although cysts are similar in shape to whipworm
egen they are far too small to be confused with helminth cggs. Photo courtesy of Dr. Manigandan Lejeune,
Auimal Health Diagnostic Center, Cornell Univessity, Ithaca, NY.
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Feline feval sample contaiming cggs of Ancvlostama (A), Mammomonogamus (M), and Trichuris
1) While feline 711w is eggs are sunilar to those of 7 valpis, they ave pencrally smaller. Photo courtesy of
Dr. Jennter Ketais, School of Veterinary Modicine, Ross University, St. Kius, W,

Eucoleus are passed in the wndifferentiated one- or two-celled stage. Eucoleus bochmi (right)
and E. aerophilus (I.;l‘l!:gp are sumilar in appearance, ahhwgh in fresh feces, eggs of E bochmi already
contain a morula (cluster of cells) that does not completely fill the interior of the egg. Dificrences in the
egpshiell can also be used o differcatiate the species (see Fags. 1.80 and 1.81). anmﬁyolnpw
Ridley. Coticge of Veternary Medicine, Kunsas State University, tan, KS.
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Uarasive Aonchotheca (= Capillaria) putorii (Fig. 1.82)

Nematode (order Enoplida).
¢ Distribuion: North America, Europe, and New Zealand,
Location i Host: Small intestine and stomach of cats, raccoons, foxes, and wild fdﬂl
and muslelids ke

Life Crviler Definitive hosts are infected following ingestion of larvated eggs. Adults
develop in the gastrointestinal tract and produce eggs that are passed in the feces.
Lab v Diagnosis: Eges are detected by centrifugal or simple flotation tests The
yellow-gruy eggs are asymmetrical about the bipolar plugs. The sides of the cggs tend 10
be parallel. The shell-wall surface has a network of deep longitudinal ridges.

Size: 56-72 x 23-32 pm
Clinical mports Infections in cats are usually subclinical and are uncommon
North America. Gastritis with vomiting can eocur. Hemorrhagic enteritis can occur i
mink.

The only carine parasite eges ihat coshd b musako
parasites Ewolews and donchotheca, Truder cggs (1) ase Lasger. v
umlivhnumrmmwun.m:qgub a cats, Trachern oggs arc smalics, as
beuwdlodlﬁeﬂnmkthcnmm.q\ﬂmm Cyeotsaspord wacysts 53¢ also ¢

Portion of a Trichuris vulpis egg (A) demostrating the ridges soen in the bi

s polist plug (arow).
Capilland cggs (B) lack ridges on the plugs. Capillanid cges arc also smaller than whipworms cggs and their
bipolar plugs eficn appear asymmetrical.




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

8 20.0 pm

all-anumal capillarid eggs can be used in
were taken with an oil immersion lens (100x)
weope differences in the surface of the ¢
a network of interconnecting ndges (B)

wall of

making a spe
However, even w

can

be seen. The surfa

N
Y
T WSS
A 20.0 um B 20.0 pm
I \ S 1 il the interior of the egg, the surface of Eucoleus
b s ! ppied ance (B)
-
P e P e W
5 | -
€« %\ P

A . 200pm g 20.0 m
. e e

4 arc similar to those of other capillarids (A), but in contrast to the
urface of A putoru consists of a network of deep longiudi-

v egg, the
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“igs. 1.72. 1.83. 1.84)
Physaloptera spp. (Figs. 1.72. 1 .
Nematode (order Spirurida) \:\\‘}Z:‘il\g‘i‘\l;\ have bee
tialis, P. felidis, P. pseudopraeputialis, . rara. P ¢

Worldwide

cats, and various wild an
S - Dg! Als, ana va i
- i est eggs shed in feces of
by ingesting the insect interme-

Cockroach, beetle, or ¢
wild animals, dogs or cats. The de ]
diate host or a paratenic host (reptil

ly detected by

Eges of th
fecal flotation due to theic density. F
tation. The eggs are clear and ¢
coiled inside

Size: 42.53x 29 35 pm

fections may resalt in ¢

reerca lupi (Fig. 185

Common name: Fs

Nematode (orde

aorta of dogs, wild ¢

f Dung beetle intermediate .
nfected by i

mammals, bipgs,

sting

the insect intermediate e

repiles)

fecal Motation, The

shell way) and contain

Size: 3p 38 x 11 15 pm

Infections are ofle g
are \l\\ph.tgl.i and regyr
M, cachexiz
Uncompmgy, n the

Obstryg tie




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Physalopiera eggs do not { . 1 routine Notation exams. The eggs are larger and
83). 7 are smaller and have a thicker shell

sed. Photo courtesy of Dr. Robert Ridley,
. KS

routine fecal flotation does not
canne stomach, Photo courtesy of

detext the pars S worms ¢
De. Michael Leib, V M, R Medicine, Virginia Tech, Blacksburg, VA
»
5
' A 4 .
x“ z - e - .) b
at consistently 5. Ti arvated cggs are

+-Epshitcin, NRC Institute

Photo courte:
etown, PEL, Canada
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Strongyloides stercoralis (Figs. 123, 1.24, 1.86-1.89)
Common name: Intestinal threadworm.
Nematode (order Rhabditida)
Worldwide

Adult females hve )

Strongyloides parthenogencty
may develop into infective parasitic larvae or al
cycle of maturation and reproduction befo
of the host from the enviro
transmission may also occur i’

are formed. Infection
Transmammary

y be identified in fresh feces using 2

ns of the

First-stag

Baermann test. Strong
most lungworm |
nematodes that may be p
period of time prior to ©
lected by Baermann exam. which is
the first-stage larvae is unce 1
the third-stage lurvae can be

vae. They dosely r

Size: 150-390 pm in fresh feces. Strongvloides larvae can grow qu the e
ronment and their size i ore the molt ¢ T
results in g for the In additic be &

by the mistaken ide ¢ ¢
cctions may be subclinical, t ection can produce
respiratory signs from FER enterilis AssoC d owith adulis
Strongvivides stercoralis al e produc vere and eve
mfections n immunocomp d 1 ¢ sch canine strains
humans is unclear, but bee f the se B Cases oction in
dogs should be considered & zoon
5
25 m
© od k v tiy
kizhoma §




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Y ¢ we ed rhabditiform esophagus. a
ch ookw vac 1 free < rdes, but not seen in canine
of Dr. Yoko Nagamon, College of Vetermary Medicine, Oklahoma State

B um

wital rudiment (inser) and a
Sorongyloides larvace

-pronged tail Up (nsc

lahoma State University, Stliwater
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Uit Aelurostrongylus abstrusus (Figs. 1.90 and 1.91)
- Nematode (order Strongylida).
Distribution: Worldwide.
Location i Hioer Lung parenchyma (terminal respiratory bronchioles, alveolar ducts)
of cats, Reports of canine infection based on fecal examination are most likely spurious
parasitism due to coprophagy.
{ife Cyele: First-stage larvae are released in the airways. coughed up, swallowed, and
passed out in the feces. Cats are infected by ingesting a snail or slug intermediate host
or paratenic hosts (rodents, birds).
Laboratory Disgnosis: First-stage larvae are detected in feces using the Bacrmann tech~
nique (most reliable) or by ZnSO, centrifugal flotation. The first-stage larval il hasa
severe kink (S-shaped curve) and a dorsal spinc.

Size: 360-400 x 15-20 pm
Clinical lporisnce: Infrequently diagnosed: infected als may suffer signs of
chronic cough and anorexia. Heavy infection may be fatal.

{1 Cremosoma vulpis (Figs 1.25.192)
Nematode (order Strongylida)
i¢ Distribution: Northeastern North America and Europe.

Lugation i Howe Bronchioles, bronchi, and trachea of dogs, foxes, and vanous wild
carnivores. b

} fe ( Canid definitive hosts are infected by ingestion of shug/terrestrial snadl
intermediate hosts containing third-stage larvas Larvae produced in the respiratory
system by adult worms are coughed up, swallowed, and passed from the host in fooes.
Laboratory Disgaosis: Detection of first-stage larvac in fooss using the Bacrmann tochmigue
(most reliable) o by ZnSO, centrifugal fecal flotation | ind-stage i‘n\a: tend 1o assume a €
s.hapewhanhe) are killed by gentle heat or iodine. The terminus of the tail hasa shight defloc-
tion but does not show the kink and spine seen i other nematode lungworms

Size: 264-340 X 16-22 ym

Clatical T Crenosoma vulpis infection in dogs 3 .

porian " " produces a nonfatal chronic
mugh.Can:cnﬂemumns generally rare in North America, cxoopt in the Atlantic Canadian
P here sis is a freg cause of chroni resparatory discase




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

e ¢
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R o
Pa——" B e
38 pm s
fc pl have the distinctive S-shaped kink at the
ers of this ungworms, These larvae also show a
:
e
20.0 um
D s tary characteristic subterminal §
¢ foces. | l ton on identification of
¢ 1de <
3 Prox

omatode Larvae Recovered with Fecal

50.0 ym




Flilic Angiostrongylus vasorum (Fig. 1.93)

Common name: French heartworm.

{aonom . Nematode (order Strongylida).
Canada, Europe. South America, Africa. There is a single
fox in the eastern United States based on histopathologic find- :

report of A. yasorum ina
ings, but its endemicity has not been established.
Pulmonary arteries, right ventncke of dogs and foxes.

ocaton m
Lafe C First-stage larvae are passed in canine feces, and slugs, snails, and frogs act
as intermediate hosts of the parasite. Frogs and birds also serve as paratenic hosts Dogs
and foxes are infected when they ingest intermediate hosts or paratenic hosts.
Laboratory First-stage larvac in fresh foces are detected using the Baermana
lgchniquc(mosl reliable) or fecal flotation. The larvae have a cephalic button on the ants-
rior end, and there is a severe kink (S-shaped curve) in the tail, which has a dorsal spine.

! Size: 340-399 x 13-17 pm

. omizal Ty ¢ The parasite is a serious pathogen of dogs, causing potentially
ﬁ{lul cardiopulmonary discase. Ocular and central nervous system discase and bleoding
disorders have also been reported.

Oslerus (= Filaroides) osleri (Figs. 1.9% and 1 95)
,‘_ ; Nematode (order Strongylida). Two other closely related spocies ( Filanstdes
irthi, F. milksi) occur in the respiratory system of dogs but are rare and cven more
rarely cause discase.
Worldwide
3 Lumenal nodules in the tracheal bifurcation in dogs. coyotes, wolves
dingoes, and foxes.

Infection follows ingestion of first from sputum o vomites of
wn that sher strongyhd lung-

:f:)ml‘mcd dog or other canid. This life cye .
s because the first larval stage is infective for the definitive host. Typically, the
third laryvaj Stage is the infective form

1., on trach, Diagnosis is best achieved by visual observation of the nodules
Tacheal endoscopic examination. First-stage larvac may be detocted in foces by

e ;::m“r“&‘al flotation or in transtracheal wash samples. The Bacrmann technique
g m“:_lhod of choice because larvae Nsxﬂ in the feces arc usually monbund or
sal spine _nlll of the first-stage larva has an S-shaped sinus wave curve but lacks a dor
¢ first-stage larvae of Q. asleri are indistinguishable from those of F hirthi

Size:
e Larvae recovered from feces 232-266 pm
Larvae recovered from trachea 325-378 pm
is is an uncommon mfection in dogs in North Amenca. Younger

animals
cough lﬁ:d 10 be more severely affected than older ones. Respiratory distress, chronic
- and weight loss can occur. Heavily infected animals may die.




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Angiostrongybes vasorwn first-stage larva. This species is uncommon in North America. Larvae
unbcd-ﬁwmtmalrmmudwuw-umfmwlhm the subterminal
dorsal spinc. The iset shows the S-shaped curve and the dorsal spine. The tail of Aelurostrongylus abstrusus
(Fig. 1.91) is similar in appearance.

rnmwlhhuhn-n fecen. The larvae have a kinked tail, but the accessory spine scen
n Ack &:"KIIN(M Mwnnayoﬂ)rkmql?wmum
mm“do&mw:.lnt Redmand, WA

First-stage larva of des hirthi, which is similar in app 210 Oslerus asleri and
twmmmMmﬂ-ﬂlmmmumm
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1.96)

Ollulanus tricuspis (I

Nematode (order Strongylida).

arts of South America, Australia.

Europe, North Americ

h of cats and other felids,

Adult worms are found in the stoma

that primar-
stion of these larvae

Adult female worms in the stomach produce thur
ily leave the host in vomitus. Infection of
in vomitus

1s occurs thro

arvae or the small
site may be seen m

Infection is d
adults in vomitus, using the Bac
feces, but they are usually digested befor

Size: Third-sta
Adults TO0- 10

¢ larvae 300 pm

Infection
and feral cats are most often
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Voo Dipylidinm caninum (Figs 1.97-1.99, 1105, 1.106)
Common name: Double-pored or ber sced or flea tap
Taxonemy: Cestode.
Geographic Diswribution: Worldwide.
Location in Host: Small intestine of dogs and cats,
Life Cycle: Animals acquire infection through the ingestion of larval oy
tained in fleas o, less frequently, in chewing lice (Trichodectes, Felicola). Al
intermediate hosts become infected by the ingestion of egg packets/s
Laboratory Di in the penianal arca or in feces are ©
obmwdbywwapeuftdmum&bydmufmumorcuw
fmmuegnmntsOommmﬂy cgs:ndlwcgpadﬂsamduawjonfaul flo
ions, but lotation is very and most infections will be missed.
Size: Egg packets 120-200 pm (contain an average of 25-30:
Eges 3560 pm

Chinieal Imperiance: Infecti of this tap m are Iy subg
howev:r. the passage of segments (rom the rectum may induce anal pmmus 4

1 ic, with young children at nisk of acquiri X
ingesting the infected flea or louse intermediate host.




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

30 pm
D 1 caninsm CRY h cox 12 & hexacanth cmbryo, oceur in packets of about
5-30 eggs. The hooks are readily visible inside the cggs show Conboy, Gary. Cestodes of Dogs and

Cats in North Amenca. Veterinary Clinics ¢ 2009.)

oy ¢
Occasionalty, D ¢ the packets and may be detected individually on
N f " the egg and the refractile hooks (arrow) of the embryo.

ments on the surface of & canine fecal sumple. Photo courtesy of Dr.
nary Medicine, Oklahoma State University, Stillwater, OK

Kathryr




" Parssite: Taenia spp. (Figs. 1.100-1.103, 1.105, 1.106)
Tavonom: Cestode. Numerous species infect small animals, including 7
in cats and 7. pisiformis, T (= Multiceps) mudticeps, T hydati, T ovisin dogs.
Geographic Distribution: Worldwide.
Locarion in Host: Small intestine of dogs, cats, and various wild camivores.

Life Cycle: Camni acquire infecti: h gh the ingestion of the i
cestode stage (morphologic fonns mdud: C)ﬂwen:l uxnun and su'obdoeau]v
usmesofpny imals. Prey d with the

ion of food inated with eggs passed in carnivore feces.
Laboratory Disgnesis: Eggs are detected when free in the feces by flotation techn
Generally, however, eges are passed from the host contained in tapeworm se
Therefore, fecal ﬂoumnn tends to be a poor indicator of infection status.

Size: 25-40 pm in diameter
Clinica! Tmportancs: Infections in the definitive bost are g lly subcel 1
the passage of segments from the rectum may induce anal pruritus. Toenia &
(small-rodent intermediate host) and T pisiformis (rabbit mlcnnedulchmu.
mon species infecting pet cats and dogs. respectively. M, ode infi in the
mediate hosts can cause disease (T madticeps) or meat d ion (T ovis).




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Taenia cpps are brown with @ (hick shell wall (embryophore) and contain a hexacanth embryo
(st hooks), Three-four refractile hooks are visible in the cgg oa the lower right of the photo. Note the radial
staiations in the wall of the egg.

; Fas of Bucolews (F), Tovocans (To), and Tiaenia (Ta) and oocysts of Cysioisaspora (1) in a feline
focal sample Photo couresy of De Robert Rudiey, College of Veterinary Medicine, Kansas State :
Usiversity, Manhatian, KS.

higher magnification in (B).
Center, Cornell University, Ithaca, NY.
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Varasite: Echinococeus spp. (Figs. 1.103, 1105, 1.106)
Common name: Dwarf dog or fox tapeworm.

Tunonomy: Cestode. A number ofspcucsamfound rldwide infecting d
wild canids and felids. Echinoc " canadensisand E. multil
the widest distribution and all mfec( dogsand wild canids Cats can be in
infected with £ multilocularis.

Geographic Distribuiion: Echi X and E & are found werld
E nwlnlnmdnmocmrsmth:l.mml&au(‘-\mh and in parts of Furope and Asia.

Location in Hesi: Small intestine.

Life Cyele Carnivores acquire mfcmonslhmugh the ingestion of larvae (me
todes) in the tissues of prey animals Prey fected with the
tode through the ingestion of eggs passed in camivore feces.

Laboratory Disgnesis: Like the eggs of Tuemia, Echinococcus eggs have a thick

wall with radial striations (embryophore). The six hooks of the hexacanth embryo

lt ln be distinguished from policn grains or other debris. The cggs of Tiemin
are morphologically identical.

Size: 2540 pm in diameter

Clinical Tuportance: Adult parasite infoctions in the definitive host are M .
Echinococcus spp. are imp due to thar 1. Human infk
u‘cmeumtmkmgcaua\mm&mmdduth Rarely, wM 3
stage can develop in dogs that ingest eggs Resultng discase is simular to that soen
humans.

Parusite: Mesocestoides spp. (Figs 1.104-1.106)
Faxosomy: Cestode. Specics include M. camislagopodis, M lincarus, M. liroratus, M.

Distribe Worldwide (except Australia)
Location in Hosr: Small intestine of dogs, eats, vanous wild mammals, and birds.

ik Oyl The life cyde is not completely known. Dogs and cats acquire infections
d in the tissues of vanious reptile, amp
un.hrd.andmmml intermediate hosts. Eges are passed in motile segmonts in ¥
feces of infected dogs and cats. The first intermediate host and the form of the §
larval stage of Mesocestoides are unknown.

Laberatary Disgnosis: aubwggnw(smp:ncdmlhclmnkw contained
in & round parauterine organ at the broad end of the segment. Ewnmm:'y“b-lh
in the feces of definitive hosts but would, presumably, be detected by fecal flotation.

Size: Eggs 30-40 pm in diameter

Chimics! Tmportanc !nfccuonormcdcﬁnumhos(m:h:headul(umr-‘
subclinical. lemmmmwhrgcnmbemdle(mlh}mmwm
todes has been reported in dogs acting as hosts to the larval stages,




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

45 um

Embryonic hooks
Hooks can be used to dillerent

J s cggs in this photo (arrow)
ifacts like pollen grains. The egys of
g2 is also present

and L VCOHY A1 T

nents passed in the (eces may be observed by owners and presented lor

idestification. The siz ¢ of these segments are quite charucienistic: Taenia segments (T) ure

Mjuare
to rectangular in shape. Dipylidium segments (D) are more barvel-shaped. and Mesecestoides has clab.
ents (M). Echinococeus (E) scgments are sall und are often overlooked. Identification can be

from the scgments.
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Uucasiic: Diphyllobothrium (=Dibothriocephalis) letum (Fig. 1.107)
Common name: Broad fish tapeworm.

Tasunomy: Cestode. Dogs and cats can also be infected with D. dendritician.
Geographic Distribution: Northern Hemisphere and South America.
Location o Host: Small intestine of dogs, cats, pigs, humans, and various other fish
cating mammals.

Life \th Eggspamdmthel'wsoflhc final host hatch coracidia, which are inge
by fi ds (1 usl i hasu) Fish cat the wpcpods eonulmlll

next larval mg:r " ids), which d ntothc ] i
the fish. Predatory fish can acqure p! igh i i ol" T

fish. Mammalian definitive hosts acquire infections lhmug.h the ingestion of p
coids contained in the tissues of fish.

Lalcratory Diszos. The eggs can be detected in feces using & sedimentation tech

nique. nglhsof prod ¥ spent sogt are lly passed in the foces. ‘
Size: Eggs 58-76 x 40-51 ym :
Clinical lwportasce: Uncommon in pets in North America. Infections are generslly

subclinical in dogs and cats Dogs and cats do not serve as direct sources of infection for
humans. Human infection with this tapeworm may kead to the development of vitamia
B, deficiency.

Varasiic. Spirometra spp. (Fig 1.108)
Common name: Zipper tapewosm

favonomy: Cestode

Geograplsic Distribes Spiromerra manssnoides oocurs in \uﬂha\dbouthm

and §. mvmupaamn in Asia and Furope. Other species have boen wh
Alfrica and Asia,

Locution in Hest: Small intestine of cats, dogs. and wild animaly

Life Cyele Dogmaummummwb) the ingestion of frogs, snakes, rodests,
or birds containing pk as a). Eggs passed in the foces of dogs
mduummmchmmtwrmshmmmmwmwn

diate hasts (frogs, snakes, ctc.) acquire plorocercoids by
feedmgonthcmpepoda

Labarstory Disguasis: The yellow-brown eges can be detected in foces using a sedimen-
WmmucbutmdsooﬂmmmimmmlmnMum Lengths of repro-
Iy spent are 1onally passed in the feces.

Size: Eggs 65-70 X 35-37 ym

LHmicit Bpernee: Infections in the definitive hosts are usually subclinical,
mmshsbeeampomd Cals can also serve as paratenic hosts, with
WHWW(WW)medmm signs depending
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DOGS AND CATS

Within hours of passing from the host, tapeworm segments lose their motility and dry up.
Clients may find dned tapeworm segments in resting arcas of dogs and cats. The dried scgments still retain
their charactenistic shape. Shown in this photo are Taenia (T), Echinococcus (E), Dipylidium (D), and
Mesocestoides (M) segments

Unilike commuon Gapeworms, Diphy llobothrion cegs lack hooks and resemble trematode eggs.
They are light brown and operculate (arrom). They contain an undifferentiated eobryo surrounded by yolk
cells that completely (U the space within the eggshell. A pore in the shell wall at the pole opposite to the
opervutum is often visible due o the slight bit of protein protrudiag from it

2um

The cggs of S also resemble de eggs. They contain an undiflerenti-
ated embryo and yolk cells that completely fill the space within the eggshell. The eggs are asymmetrical
about the long axis. The operculum in this egg is at the lower end.
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_ boring the larval stage ¥ has been re
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Parasite: Alaria spp. (Figs. 1.109 and 1.110)
T:;wmmu: Trematode.

Geographic Distribugion: Worldwide.

1 ceation in Hosi: Small intestine of dogs. ms. and various wild carnivores.

Life Cycle: E;pmptssedmlh:l‘wuol‘-—- han host. Followi l.nd
opment in a snail intermediate host, a second intermediate host (fm‘) is in
Mwnormmmwwwmﬂlwormmmw

in cats.

Laboratory Disgoosis. The most reliable method is d ion of eggs by ¢
ination of feces, although imes egas may be detected on fecal flotation.
Size: 98-134 x 62-68 pm
(‘hl\iml lmp wtance: Infections ane & 1y rpath ic in dogs and cats.
lly serious ic risk to B hrough the of raw or

ulyoooknd frogs containing mesocercana.

Parasic: Paragonimus kellicorsi (Fig. 1L111)
Tavoavny: Trematode.
Geographic Distribution: North Amerca, Other species of Paragonimus thal
domestic animals, humans, and wildlife oocur i South and Centeal Amenics,
and Asia.
Location i Host Lung parenchymas of cats, dogs. pigs. goats, minks, and various 0
wild mammals.
Life € vle: Snails are infocted by miracsdia that emernge from cges reloased in the
of definitive hosts. Crayfish serve as the second intermediate host. Dogs and cats
by i the caria in the tissues of crayfish or paratonic hosts.
Laborstory Dixgnesis A sedi techmique (rec ded) or focul Mot
(less reliable) can bc used 1o detect the yellow-brown, operculate eges, which
thickened ridge in the shell wall along the line of the operculum. O ysts may be
on radiographs.
Size: 75-118 X 42-67 pm
('Eirsec.:l Lnperiance: Infection may be s wal or cause cos hihic bronchitis
% 1t mchmmccoughandlmhmu“
pneamothonxmdevelop due to rupture of cysts. Infections can be futal.




|
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Alaria cggs are large. operculate, yellow-brown in color and contain an undifferentiated embryo
surrounded by yolk celis. The operculum in this cgg is difficult 1o sec but is marked by a slight discontinuity
i the shell (arrow). Toxocara eggs are also preseat. Photo courtesy of Dr. Yoko Nagamon, College of
Veteainary Medicine, Oklahoma State University, Stillwater. OK.

Sometines Al spp cpes are detected using the centrifugal Notation technique; however, egg
morphology may be altered: the eggs appear collapsad or folded due Lo the osmotic pressure associated with
the high specific gravity of the Notation solution

e

ggs have an iated ebryo whea passed in the feces. The yellow-brown,
operculate eggs can be identified by the charactenstic thickened ridge in the shell wall along the line of the
operculum (grrow). Collapsed eggs may be seen in flotation preparations.
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Parasite: Nanophyetus salmincola (Fig. 1.112)
Common name: Salmon poisoning fluke.

Taxoromn: Trematode.

Geographic Distribution: Pacific Northwest region of North America.

l.oca_(iou in Host: Small intestine of dogs, cats, and various other

carmivores.

Life Cycle: Dogs and cats are infected by the & ion of met

ofdeﬁﬁ(wmthMWntMEMm ct

Laboratory Diagnesis: Eges can be d d by sedi ation i

Size: 72-97 x 35-55 pm

Clinieal Tmporiance: Namophyetus sabnincela serves as a vector forlhcaﬂ
lﬂmonpmsomngdms:(\ewld‘rﬂw‘L hoeca) and Elokomis
(Nearick sp.). Salmoa p g discase is ,pauhosemcm“

Pasusite: Heterobilharzia americana (Figs. 1.113 and 1.114)

Tavosomy: Trematode.

ibutivs Southeast and south-central United States,
Mesentenc and hepatic portal veins of dogs and vanous

Geographic ist

Location ia {fos
species.

Life Cyele: Eggs released m the feces of dogs produce ciliated larvae (miracidia)
develop in a snail i diate host. Gy that are rek d from the saxil interns
diate host infect dogs and wildhfe through dinect skin penctration

Labaratory Dingoosis: Eggs canbe d d by sedi ation ination of
saline (or 5% formol-saline). It is important to use saline i the procedure because:
are stimulated to hatch when they contact water. The froe-swimnung mirsoidia
observed by placing the sediment in water after performing the sedimentation
dure with saline.

Size: Eggs 74-113 x 60-80 pm
('134:4;'.4! Bapociance: Infection with H. americana in dogs 1 uncommaon in most
Infection can cause chronic diarrh ia, and Heterobitharsia
has zoonotic importance as one of the causal agents of cercarial dermatitis 1
itch) in humans.
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The opernvulated eggs of Manophycns contain an undifferentiated embryo surrounded by yolk cells.
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The Large. elipcal cges of Horerobihar - americara have a smooth, thin shell wall and contain a fully
tormed ouracsdmm. The shell wall of the egg lacks an tam. Ph Dr. Bruce H gand
Dy James Flowens, College of Vetermary Madicane, North Casolina State University, Raleigh, NC.

e Ao

On contact with freshwater, H. amiericana cggs haich, releasing a ciliated miracidium stage. To
prevent hatching of the cggs, a sedimentation procedure for diagaasis should be performed using saline
mstead of water. Photo courtesy of Dr. Bruce Hammerberg and Dr. James Flowers, College of Veterinary
Medicine, North Carolina State University, Raleigh, NC
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I Platynosomum concinmum (3150 known as P, fastoswn, P, illiciens) (Figs. 1115,
1.116)
Common name: Lizard poisoning fluke

Trematode.
South America, Caribbean, West

Southeastern United S
Africa. Other flukes that may be found in the bile or pancreatic ducts in North Amenca
include Euryirema procyonis, Metorchis o us and Pz

Gall bladder and bile ducts of cats

feces of cats. The life cycle
replile intermediate hosts
ns containing larvae

Adult worms produce egas that
is complex, involving snail, crustace
Cats are infected following ir

A sedu = is most effective for recovening the

relatively small, operculate ¢
Size: 34-50 X 20-35 pm
patic. Heavily infected cats may

Light infections are
: cvere and fatal

show signs of weight loss and h

Cryptocotyle lingua (Fig 1 117
Trematode
Northern ¢ ¢ coastal regions of the werld
Intestine
Snails are infected by larvai siages emerging | ges relcased in the feoss

¢ host. Dogs, cats, and
ok spots on the

of infected definitive hosts. Fish serve as the secor
birds become infected by ingesting metacercanae, visible as
skin of fish,

{rec nendod) or fecal flotation
(less reliable) can be used to detect these small, und Terent d, yellow-brown, operca
late eggs. The cggs are elliptical-shaped with one end the other. The

operculum occurs at the narrower

A sedimentation techmique

end ar
Size: 32-50 x 18-25 pm

Clinical disease due o infectior 1 this intestinal Nuke appoars
to be rare. Enteritis may occur in cases of heavy infect
ceptible to infection

s. Cats appear to be loss sus



The small brown eggs of Phatynosomun have an opesculem at one end, contain a fully formed
mrsadiam, and may not be soen with routine Notation procedures. Photo courtesy of Dr. Heather Walden.
Caollege of Veterinary Medicine, University of Flonda, Gainesville. FL.
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Phasymosonun (ariow) and Trickaris cges i the foces of a cat, Both parasites are unlikely to be
encountersd i the Usited States outside the southeast Photo courtesy of Dr., Jeanifer Ketzis, School of
Veterinary Medicine. Ross University, St Kits, WL

»

Cryprocotyle lingua egg detected on fecal sedimentation of feces from a dog. The operculum of
Cryprocotyle is difficult to see: it occurs on the narrower pole of the egg (arrow). The eggs are undiffesenti-
ated when passed in the feces.
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Metorchis spp., Eurytrema spp. (Fig 1.118)

Trematode.

Europe, Asia, North Ax

Bile ducts and gallbladder (Merorchis), pancreatic ducts (Eurytrena)
of wild carnivores, rarely dogs and cats

s in feces of definitive
ediate host (fish in the

Snails are infected by larval
hosts that become infected following
case of Metorchis and probably an ar

A sedimentation t e W e most effective
Size: Metorchis 24-30 X 13-16 pm, Ewrpiremea 45-53 X 29-36 pym
Infectic Cats is rare be associated with dis-
case of infected organ
Linguatula spp. (Fig. 1.119
Pentastomid
Most infectio om Africa and Asis
Nasal passages, (rontal sauses of ¢ 3s and, less ofien, felids
Eggs shed in nasal d ES Cle t are
mediate hosts with larvae in tisse oot ¢ fina > c goated
Centrifugal feca A s 255G
Size: 90-133 x 34-88 um
In dogs infectios y be a B < produce increased
nasal discharge and sneezing. Hur $ Can serve = s o1, rarcly, defini-
tive hosts.
Macracanthorkynchus ingens (Fig 112
Acanthocey a
North
Intestine of raccoons, black bears, rarely ¢
Eggs shed in feces of infected ho v¢ hosts when mil

lipede intermediate hosts carrying larvae are in

A sedimentat

»n test would be most effective for
n lest wou ost ellective for detecting oges

Size: 90-110 x 50-65 un

Dogs are rarely intected with this parasite
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Metorchis is another genus of flukes preseat in wild animals (hat may occasionally infect dogs
and cats.

:
8
g

Large eges of Fagguainhs may be seen 1 dogs in North America with a history of travel to an
endomic arca. Careful examination at high power should reveal the presence of several hooks, in the parasite
embryo (arrow and imset). Photo courtesy of Dr: Yoko Nagamon, College of Veterinary Medicine,
Oklahoma State Univensity, Stiltwater, OK

ET

M. rorhynchus ingers cggs. A cggs contain a larva with spines, which
may be scen inside eggs. Dogs are also rarely infected with another acanthy i parasite, Onci
canis. Photo courtesy of Dr. Heather Walden, College of Vetennary Mediane, University of Florida,
Gainesville, FL.
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Ruminants and Camelids

Helminth Eggs, Larvae and Protozoan Cysts
found in freshly voided feces of

ASCARID EGG Caﬁle EGGS WITH HOOKS

X
Moniezia expansa

Dxcrocoehum
dendncim
(operculum ndistinat)

LARVATED EGG

®

Srangyiandes pappiliosus

Strongytid Eggs, also called Svongyle
of Trichostrongyle Eggs

LARVAL NEMATODE

Eimona
Ewmeria zuermi Eimena bowvis  suburmenss
Eimena spp. exampies

—— Giarcia sp.  Cryplosporidium spp. g i‘
Dictyocaulus viviparus L1

Comrghe S 1802 % The Usmansdy o Minnoaiss . e & A S

feces. Figure courtesy of Dr. Bert Stromberg and Mr. Gary Averbock,

Parasites found in bove ort §
of Minnesota. Minncapotis, MN.

College of Vewerinary Modicine, Unive
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Helminth Eggs, Larvae and Protozoan Cysts
found in freshly voided feces of
Sheep, Goats and Camelids

EGGS WITH BIPOLAR PLUGS LARVATED EGGS

Sroagyloides  Skrjabinema spp.
papliosus

Tichuris spp. ~\
OPERCULATED EGGS MORULATED EGGS
Lo ,-\\
> &\ i
2 o Y
{ ) { |
258 s ?@; &
% Dxcrocoesum \ FK ;-
i ~ dendricum o e
VT Ny ) ndsinat \ Eggs, also called o
> Swongyle or 3 8
Fascioia hepatica g 50
W
it
z

T

W
Protstrongyhss spp. L1

EGGS WITH HOOKS

@ -
Glardia sp. Cryptosporidium sgp. 1

X
ST e cary s amsecn | Shagh

Parusites found in foces of sheep and goats. Figuse courtesy of Dr. Bert Stromberg and M.
Gary Averbeck, College of Veterinary Medicine, University of Minagsota, Minneapolis, MN. 3
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Protozoan Parasites

Uavasiie: Eimeria spp. (Figs. 1.46, 1.123-1.130, 1.133, 1.136, 1.145)
Common name: Cocadia.
Protozoa (coceidia).
Worldwide.

Many host-speaific species of Egneria mfect the intestinal tract of
domestic ruminants and camehids.

Fecal oocysts sporulate in the environment and infect intestinal cells follow-
ing ingestion. Asexual and sexual reproduction are followed by the production of
oocysts that exit the host in manure. Sporulated oocysts can survive for long periods
under favorable environmental conditions.

Qocysts are found by fecal flotation techniques. Species identifi-
cation is dmmxll and may require microscopic exam of sporulated (infective) oocysts.
Although the number of oocysts in feces has been used as an indicator of clinical dis-
case, high numbers of vocysts can also be present in the absence of clinical signs.

Size: Approximately 12-45 pm in length (oocyst), depending on species

Most ruminants become infected with coccidia at an early age,
and low-level infection persists through adulthood. While infection is often subclinical,
coccidiosis is a common cause of diarrhes in young ruminants. Signs range from mild
diarrhea to severe, bloody diarrhea

Not all species of Eimeria are equally pathogenic. Of 12 species of common bovine
Eimeria, clinical disease is usually associated with E bovis, E. zuernii, or, less commonly,
E. alabamensis. Similarly, E bakuensis, E ohsata, and E. ovinoidalis are pathogenic
ovine Eimeria species. In goats, E airlongi, E caprina, E. ninakohlyakimovae, and E.
christenseni have been assoctated with clinical disease. Fewer species of coccidia occur
in camelids than in ruminants. They all have been reported to cause clinical disease,
although in the United States, E macusaniensis is considered most pathogenic.

~ . Ruminants and camelids are infected with a vaviety of Eneriu spp. The oocysts of most of
these species are colorkess, haye a tun wall, and are oval or round. When seen i {resh feces, oocysts contain
@ single cell
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Common Eimeria species of cattle

Average
size (um)  Range (pm)
19x13  13-25x 1117 vic « Pyriform (sub-cllipsordal or
alabanzensis ) = Colodess to e
Eimeria BX2 3246x1928  LWLET
auburnensis 32-20%
Eimeria bovis 28 % 20 7-23 W 137
8x27 3149x20-3 Ne
474 %33 43501 K LWi4
sensis 318
B¥xW 28 2029 W19
2 o .
Bxi4 1 7 157 -
%
$ = " .t Y
¥ P
£ Eimeria 113 1227 V13 cligsoidal
; * Codenrdens »
Eimuria pcllita 0% 28 3¢ 2 e . Tk
nxie 14 %8 N ©
Ei 39.9 x 544 N M Oveid .
" g %3
Eimeria 178x (52 18 scric ol o ey ollipasidal
150 .
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Bovie Eimeria oocysts (relative sizes not accurate: soe Table 1.8): (A) E. alabamensis, (B) E
mdurnensis, (C) E bowis, (D) E. brasil () E bukidn e ) E. cylindri

I E
dis, (H) £ peliiea, (1) E subspherica. (J) E. wyomingensis, (K) E. zuernii. (A F. H, T) Courtesy of Dr. Aaron
Lucas, Vingisa-Maryland Colicge of Vetennary Medicine. Virginia Tech, Blacksburg, VA. Other photos
courtesy of Dr Mamgandan Legeune. Animal Health Diagnostic Center. Cornell University, Ithaca, NY,
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Small rununants are mfec
pathogenic. Sheep and goats are
species are often indistinguishable
typical strongylid cug (S)

o host
ofrws (Nyand o

The oocyst shown hers s E
E. ovoinodalis in shecp. Both spec
Dr. Manigandan Lejeunc, Animal

.t A a1 cocyst  produced by

s, NY

Many, but not all, Eimeria specics have a cap that covers the micropyle, which can be scen ot the
uppet end of this cocyst. The micropyle cap for potar cap), i present, s helpful in wdentifying the goaus
dogs that have eaten feoes of other animal spocics, The photo shows the oocyst of Eimeria #tricai
parasitc of shecp. The cocyst is brown and larger than other ovine Eimeria
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Ta this bovine fecal sample, several fully sporulated Eameria oocysts can be seen. In some cases,
examination of the sporulated vocyst is required for confirmation of wentification of the Eimeria species,
Tn many clinical cases, specific ideatification is aot performed. Photo courtesy of De. Aaron Lucas,

: Vuginia-Maryland College of Veterinary Medicine, Virginia Tech, Blacksburg, VA

"

1 % P -

A Wiw L
] Famersa honn (A) and the smaller £ puamoncnsis (B) are coccidia of New World camelids. Photos
) vourtesy of De. Manigandan Lepune, Asanal Health Diagnostic Conter, Corell University, Ithaca, , NY.

el

New World camelids are also infected with two species of Ebneria that produce large brown
oocysts, which can be confused: £ macusamiensis (A) and E. witaeass (B). The oocysts of £ macusanensis
ase pear-shaped. while those of E. ivitaensis are more elongated and elliptical in shape.




VETE
RINARY CLINICAL PARASITOLOGY

(‘r'rlmupnri«lium spp- (Figs. 1.131 and
& and i
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Protozo:
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i . C
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Worldw

de.
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F The small oocysts of (Tlﬂuwwnutmmmlmwahumve\wqmm
mwMamhl‘hb(d’rmuk-mld\mmwlaeannﬂchhddmm center,

ommmmum-mrmwmmm.u
mlmwmqwﬁu&”nmwumn




VETERINARY CLINICAL PARASITOLOGY

Buxtonella sulcata (1

Protozoa (ciliate)
Worldwide.

Cecum of ruminants.

The life cycle has not been ites are present in the

cecum and cysts pass out of the host in

Cysts ma red by sedimenta-

tion test procedures and rarely by s
Size: Cyst 40-60 pm
Nodl sig oL eported

Helminth Parasites

Strongylid Parasites of Rumisants and Camclids (Figs 116 1128
11331140, 1.145)

Common name: Varous cluding own st ch worm, barber pole
worm, hookworm, nod chic gyies
gy N ¢
including [
Mecistocirrus, Qesop I ( (
Lamanen
Woridw
Gastrointestina < 1 hosts. The geners
infecting these hosts are largely the same. althe s
Adult worms in the gastromiestinal trag devctop m
manure in the environment. Infective larvae are rel 1 ¢ they are
ingested by grazing hosts.
cedures and are s ¢ eng

identification of infective thi ta

are useful n designing and evaluati

dentily parasite

Arasites,

asymptom
ble to subclinical and clinical dise
teinenyia, reduced growth, and deati
vary with host and region

¢ MOSt SUSoEpls-
hypopro-

nem

which may include di

1 severe cases. The species of greatest importance




Cyst of Buxionella sidoara. These cysts may be seon i bovias fecal samples examined by
sodimentation test and infrequently in boviae fecal flotation test proparations. The bean-shaped macronu-
Aeus characteristic of ciliates can be seen (arrow). Photo courtesy of D, Yoko Nagamon, College of
Vetermary Medicine. Oklahoma State University, Stiltwater, OK

The stongytid tabso referved 1o as strongyle or trichastrongyle) cgg is the helminth cgg secn

[ most often 0 rumimant and cameiid feoes Tn fresh feves, eggs are thia shelled and oval in shape and contain

; # prapedike duster of colls tmorata) Diovelopaent 10 the Tirst larval stage ocours in the ege Identification of
CEE L0 & apeuiiic genis Of spRcies I8 not gencrally considered reliable because of substantial overlap ia the

sizes and shapes of eggs Trom differcat stroagy ld spocies.

Once strongylid eggs are exposed 1o oxygen and adequate lemperature, development
larval stage beging. In warm conditions, partially (as seen in this photo) or fwlly formed larvae m:: u‘;‘:"
when samples are collected from the ground. hluwcrumwmuhcegxwinmwlhm %
cannol be casily identificd. Eimseria oocysts ure also prescnt in this sample, representing several specics
based on morphologic differences.
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Nematodivus spp. (Figs. 1128, 1137 1 138)

Common name: Thread-necked worm

Nematode (order Stron

Worldwide

Several species are found in the sma testine of rumin
camelids.
Unlike most other stror N ¢ develop ¢ infec
the egg. Ruminants are infected when they ingest the hatched infective
Large eges prese c Ve
cxams.
Size: 1 depe SPocic s s uced by
Marshall site ¢ western United States
Nematodirus | cau ome parts ¢
the world. Nenw S < e s
4 Strongyloides papillosss (1
Nematode (order Rh
Wor
Small intesty
Eggs shed in the feces hatch, w \ ervod of
free-hiving development in the caviro c ¢ rod aoe
that infect the host by ingestion or penetrs b i "l
also occurs
Infectic sually has clinic < o
12y produce severe d e v 4 S
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¢ cells inside the freshly
Marshallagia spp. arc
much smaller typical strongylid egg is

wentificd specifically bocause of its large size av
pessod ogg. Tho cges of Marshallagta spp. arc 8
found workdwide, but this genus is less commy
also present in the photo.

b

agylal eges (S), and a Nematodirus battus egg (N). which is
of other Nematodinas specics.

Strangyloides eggs may be confused with strongylid cggs. The two egg types can be easily
distingwished because Strongvioides cggs are smaller and contain a fully formed larva when passed in the
feces (arrow). Eges are primarily seen in samples from immature animals Photo courtesy of Dr. Yoko
Nagamori, Colicge of Veterinary Medicine, Oklahoma State Uaiversity, Stiliwater, OK.
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Trichuris spp. (Figs. 1.140-1.142)

Common name: Whipworm

Nematode (order Enoplida). Several species (70 ovis, T discolor, ete.) occur

N rununants.

Worldwide.

of

Cecum and colon of rum

ure passed in the feces. After
> stage and can infect

s produced by adults iz
anunimum of 3 weeks in the eaviror
a host when ingested

s in fecal flotation

preparations

Size: 70-80 x 30-42 ym

haris are « ocund in ruminant fecal samples
i
{onchotheca (= Capillaria) spp. (Figs 1 1411 143
Nematode (order Enoplida). These para 1
in sheep) were formerly included s € ( S
donchotheca and at least or ¢
Worldw
Small miesune u nls ic
Parasite eggs are shed S Liny ure. Infection follows mgestion
of infective in the environn
Eggs with b plugs arc detected o LN Proce-
dures. Although they are similar to 77 {(whipworm) eggs, A ctheod Spp. oggs
are smaller.
Size: 45-50 x 22-25 um
ic @ wmiection an onsdered  chucully

msignificant.

20 wm

bave a thick. brown shell and polar plugat
and a strongyhd egg are present

Trichusis

cach end. In
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Toxocara (Neoascaris) vituloram (Fig

Common name: Roundwor
Nemutode (order Asc da)
Worldwide are m cattie in North America
Small intestine of cattle and bisc
Cattle arce infected following the ingestic vated
ment. Larvie migrate mto tiss s C Tese
nancy. Egg-producing ad i ons oOCUr p ol
transmammary transmission
Detection ¢ pical ascand-type cggs v
Size: 75-95 X 60-75 pm

age. Small o mod
rhea, weight loss, and de

Skrjabinema spp. (F

Common n

Pinw
Nematode (orde
W

Cecum of sheep, g
camelids.

Female worms d

become dispersed

ited in feces.
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Toxocura vitwlorum cygs have the thick shell typical of ascarids. Taxocara is rarely seen in
sauke i North America. Photo courtesy of Dr. Gil Myers, Myers Parasitological Service, Magnolia, TN
and Dr. Bugeae Lyons, Depanment of Veterinary Scieace, University of Kentucky, Lexington, KY.

Sk bl (SK ). the ruaunant paworm. Plawona cges often appear flattened on one side.
These cggs are rarcly found  focal oxams bocause 1y arc act passed in the feces. A suonnnd 'ill (S) and
Emmerie (1) oocyst sie ahso peeseot. Photo courtesy of Dr. Yoko N College of Ve n
Oblahoma State Univernty, Stiltwates, OK

i
4
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Vurnsite: Dictyocaulus spp. (Figs. 1.151 and 1.152)
Common name: Lungworm

uls), D.ﬁlarla (sheep, goat, camelids), n mnwh (camel).
Geographic Distributian: 'Worldwide.

Location s Fiost: Trachea, bronchi, and broachioles.
Life Cyole: First-stage larvae are passed ta the feces of the host. Infective U
hmdeveloponpnmuendm pgestad during ing. Larvac migrs
mtesty iratory tract and b

§ aborutory Diggnosis: The Baermann test is used (o detect first-stage larvae in
feces. Some larvated eges may also be present in frosh foces.

Size: D. viviparus 300-360 pm
D. filaria 550580 pm

Chinlcat tmporiance: Heavy infections may cause severe respiraiory signs,
cattle. Discase s usually scen in young animals before immamity develops.

Parasive: Moniezia spp. (Figs 1 143, 1 153 1 154)
Common name: Tapeworm.
Tavosoenuy: Cestode. Specics include M bencdeni and M. expansa.
Distribativs: Worldwide.
i Host- Small ine of and bk

lm(“h Tapmmewnm:bedmw(mthchou Ruminants re ¢
of the intermediate host (free-living pasturce mites) contal

RE g

tapeworm larvae.
Labenatory Disgoosis: Eggs may be found in focal flotation tests, but mi

ally recognized when owners see tapeworm scgments on the animal of W
environment.

Size: 65-75 pm in diameter
Lhiwical Imporiance: In general, little clinical importance, although there are
reports that heavy infection may cause reduced growth in young animals.
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Dictyocauhe viviparus first-stage larva. 1 J cells contain oh dark food granules.
Mmﬂnlhuhnuhmnm\dlmutl\:mum a.lqhnnnupn-mlun #Wwwhmgl’lmn
courtesy of Dr. Manigandan Legeune, Anunal Health Diagn Center, Comncll thaca, NY.

oot Although Dicnvcasds larvae are most often seen in focal saaples, unhatched eggs may also be
Mnﬁun‘mwa\dlmlwlnmmMMMmMmmm
m&-‘whm Phota courtesy of D Jeffiey F Williaos, Vanson HaloSource, Inc.,

Fgiisa dm.umwor unlike the mmmn«nﬁm
ol ¢ ey The m ks cleacly identifies thy
tapeworm cggs. In this cgg, four heoks are visible.
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VETERINARY CLINICAL PARASITOLOGY

Voo Dictyocaulus spp. (Figs 1151 and 1.152)
Common name: Lungworm.

Lanonomy . Nematode (order Strongylida). Sp«u-s include D. viviparus (cattle, camel-
ids), D. filaria (sheep, goat, camelids), D cameli (camel).

Geogaphic Distribuitian: Worldwide.
ocation jn Host: Trachea, bronchi, and bronchioles.

Lile Cyole: First-stage larvae are passed in the feces of the host. Infective third-stage
larvae develop on pasture and are ingested during grazing. Larvae migrate from the
mtestine to the respiratory tract and become muature

+ The Bacrmann test is used o detect first-stage larvac in fresh
feces. Some larvated eggs may also be prosent in fresh feces

Labaratorn

Swze: D, viviparus 300-360 pm
D, filaria $50-380 pm

Clinicel Impertanes: Heavy infections may cause severe respiralory signs, especially &
cattle. Discase is usually seen in young animals before immunity develops.

“arasiic: Mondezia spp. (Figs 1.143, 1153, 1.154)

Common name: Tapeworm
Taxssony: Cestode. Species inclade M. Amedend and M. expansa.
Geographue Disivibution: Worldwide.

eextion i Host: Small intestine of ruminants and camelids

: e Ovide Tamnnemamshedm segments from the host. Ruminants are infected
f gestion of the diate host (free-living pasturc mites) cortaining the
upmm: larvae.

Lk ‘ Eggs may be found in focal flotation tests. but mfection is ust-
ally rwognmed when owners sce tapeworm scgments on the animal or in the

environment.
Size: 63-75 pm in diameter

st impaciance: In general, little clinical importance, although there are ancedotal
mpons that heavy infection may cause redaced growih e young animals,
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L0 Dactyocash vivipanas fiest-stage larva. Intestingl cells comtaim characienstic dark food granules.
Dctyocasdss filiaria larvae have a small knob at the anterior cad that &s 2ot present m D siviparus larvae. Photo
Manigandan Legoune,

couriesy of Dr. Animal Health Dragnosic Conser, Cornell Usniversity, fthaca, NY.

RUMINANTE AND

Fig. 1982 Dicrvocasshas tarvac ave ul\uu-m'udtmmucwqumyuhohg
hd-ﬂn“n—umm ik food granules arc cvident cven in this

G n courtesy of D Jeffcey F. Williams, Vanson HaloSource, Inc.,
ety
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Viiasiie Thysanosoma, Stilesia (Fig. 1.155)
Taxesomy: Cestodes.
Geographic Distribution: Stilesia is found in Eutope, Africa, and Asia, whic %
Thysanosoma is confined to North and South America. In the United States, its distn-
bution appears to be limited to the western states.
Location in Host: Bile ducts of ruminants, especially sheep, and camelids.
Life Cycle: Although these tapeworms have not boen extensively studied, it is thought
that their intermediate hosts may be onbatid mites and psocid insects, Like Moniezia.
the definitive host is infected follow: of the intermediate host.
Laboratery Disguosts: Tapeworm scgments are passed in the feces and oggs may be
found in fecal flotation tests

Size: Approximately 30 x 20 pm
Clisival fmpoctunce: These tapeworms have no cconemuc importance unicss they s
present in large enough numbers to cause liver condemnation

Pacusite: Fasciola hepatica (Figs 1.156-1.158)
Common name: Liver fluke
Trematode.
bution Worldwade A simutar spocies. F gigantica, is also found
Afnca.An;.lndHnml

Eocationia Hest: Adults in the bile ducts of cattle, shoep, goats, camelids, and a vaniety
of other animals, including dogs, horses, and humans
Lt Cvike: Miracidia hateh from the eges and invade an appropeiate snail host. Cercaniae
emerging from the snail encyst on vegetation and arc ingested by host animals. Larme
leave the gastrointestinal tract and migrate through the liver Lo reach the bille ducts
Laborators Diagmosis Large brown eggs are detected using a sedimontation procedase.
Eges mny be difficult to detect and not indicative of the level of mioction 0 2 herd. A
commercially available apparatus, the Flukefinder, umplifics the sedimentstion proce
dure (see the section “Fecal Sedimentation™)

Size: 130-150 X 63-90 pm

we: Fasciola infections in ru ANlS May CAUSS &
fosses. Mmplﬂmihd) susceptible, and heavy infection may be faal (\M
infected animals can develop aneana and unthriftiness. A similar parasite, Fasciokoides
magna, is the liver ﬂnkt of white tailed deer. Migration of F magna larvae in other
iy small i may cause hepatic discase




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM 121

Owners may be alarmed by the prescace of Mamicria segments in the feces of their animals,
although tapeworms have litle chinical signmificance. Tupeworm segments are seen most often in the manure
of young animals. Photo courtesy of Dr. Jelfrey F. Withams, Vanson HaloSource, Inc., Redmond, WA,
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Packat of Thysenomonta cggs from a sheep. The eggs lack the pynform. awannu in
llmq.sllmkuuhcm\nuuu e cgas. Thtmmpndn:«ﬂ cggs is 124 X 62 ym. Photo
courtesy of De Bllis C Grawner, College of V y y of Florida, G ille, L.

£ig 1456 hqunaeu.‘l‘hu:hqc:mmnopmhm )udloaklmﬂnmewa
mmwwmmmwwtm 160 pm) snd less brown in
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Varasie: Paramphistomum spp. (Figs. 1.157 and 1.158)
Common name: Rumen fluke.

Taxenoiny: Trematode. Other genera belonging to this family indlude Ce

and Calicophoron.

G B Dhiciribts Work

ocation in Fost: Adult flukes in the rumen of cattle, sheep, other ruminants,
Life Cyde: Eggs passed in the fooes of the host animal hatch in water,
cidia, which infect snails. Following development in the snail, cercaniac
which encyst on vegetation. Definitive hosts are infocted by ingesting
cariae while grazing.
Luboratory Disgooss Eggs of paramphisiomes are stmilar to those of
are best d using & sed procedure, but examination of
will not detect immature flukes, which are the most pathogenic stage of
Size: Approximately 114-173 x 65-100 pm, depending on species
Clinical lmportasce: Chinical discase is rare in North Amenca. In other
world, larval hi in the duod and upper ileum are reporied &
enteritis leading to diarrhea, emaciaiion, and death in severe cases.

Parasitc: Dicrocoekum dendviticnsm (Fig. 1.159)
Taveaosy: Trematode. L
Geagraphic Disiibution: Europe, Asia, sporadic occurrence in North Amencs.
Lovation in Hose: Bike ducts of domestic and wild ruminants, pigs, dogs horses,
Life Cyele: Larvae in eggs are ingested by snails. Ants act as the second int
host, and the final bost is infected while grazing Larval fukes enter bile ducts
and do not migrate through the kiver.
Laborutory Disgocsis A sodimentation test will detoct the small, brown,
eggs in the feces.
Size: 38-45 X 22-30 um

Chimical Fuporiance: Tn heavy imfoctions, extensive cirthosts of the liver can.
leading to ancmia and weight loss. 3
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Fasciola hepatica (F) and Parssgphisionses (P) cggs. The two eggs are very similar but the
browner color of Fasciols is casily seen i this photo. The operculum of mh cgg s indicated by an arrow.
Photo courtesy of Dr. Yoko Nagamon, College of Veteninary Med! b State (

Sullwater, OK.
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Fgg of Fasowalosdor musena, the biver Muke of white-tailed deer. These eggs arc similar in size and

APPATANCS b thase of ¥ Aapris. Bocause patent infcctions do not develop in domestic livestock, eggs will not
be prosent i thear feves.

Dicrocoelium dendriticum eggs contain a fully formed miracidium, tend to be flattened on one
na.udmmliudunq'ofﬁuculamdlh:wmphmﬂuk



‘eges in tissue. Clinical signs may occur in heavy infections, including diarrhea, 8

Puracto: Eurytrema spp. including E. coele i E.p i
Faxonouny: Trematode.

Geographic Distribution: Asia, parts of South Amernica.
Tucation i Host: Adult flukes are found in the pancreatic ducts of

cattle, camels, pigs. and occasionally humnsnuku-mdmm
bile ducts and small intestine.

Life Cyele: The eges produced by adult flukes leave the host inmui_n S
first intermediate host. A grasshopper or cricket second intermediate host
infection whean ingested by the final host. 5
Labiorstery Disguosic A sadimentation test will detoct the small, beown
feces.

Size: 44-48 X 23-36 pm
Clinlcal Importanse Many infoctions are subclinical. Heavy worm b <
fibrosis of the ducts and pancrestic stroply, reselting io weight loss and poor oo

Parasie, Schistosema spp. (Fig 1 161)
Tavenoiy: Tromatode. Several specics infect ruminants, camcls, Mﬂ :
including S bovix, S. marthees, and S japonicisn e
Geographic Distabution: Africa, Asia. :

Tcation fs Hase mewmfmdmwm“ .
the host.

Lite Cwile Eggs in host foces hatch m water, releasing the minscadia, which
snail intermediate host. Cercaniae produced by muhiphcation within the
released and penetrate the skin of the definitive bost. There s Bo scoond
host in the life cycle.
Laberatery Dlagmosic A saline sedimentation procediare is used 10 detost
manure. Fecal examination is most useful in carly mfoction because ogg

declines as infection progresses. Eggs do not have an operculum and most are s
shaped. In some specics, a spinc is present on one end of the egg.

Size: 130280 x 38-85 um, depending on species
Uil Leportnco Disease results from the host reaction 1o the presence of pars

and wasting.
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The eggs of Furytrema are similar in 10 thoss of Dic lin. Photo courtesy of
Dr Ah\- ‘Gajadhar, Centre for Animal hrmmlo;\ CFIA, Saskatoon, &uk.luhcwun Canada.

RUMIHANTS ARD
CAMELIDS

3 i« schistonomes typically produce & spindie-shaped egg. This egg of Schistosoma
o-ddr -A&-mhﬂumdmuﬁi Photo courtesy of Dr. Alvin Gajadhar, Centre for Animal
IAs Canada

S
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Horses

In comparison to dogs. cats, and ruminants, the diversity of parasite eggs and cysts
frequently encountered in equine feves s much reduced. The most common finding in
equine samples is the strongylid egg. Horses are wnfected with many strongylid species
although individual species cannot be determined by morphologic charactenistics of
eggs alone. The parasites shown in this section can also infect other equid species.
Parasites illustrated in other sections may not be extensively covered here and references
are given to figures elsewhere in the book.

Helminth Eggs, Larvae and Protozoan Cysts
found in freshiy woided feces of
Horses

EGGS WITH HOOKS.
‘,‘ -
e s

[P
LARVATED EGGS

L1 ares

Onpurseqe  SYOngFoices westen  Habrormema Wi

MORULATED EGGS

Srongytc Eggs, aisc cabed Srongyle Eggs

PROTOZOA

Giardia sp.  Cryplosporidium spe.
o rte Nl

i Pasasiies found i fecal sumples of horses. Figure courtesy of Dr. Bert Stromberg and Mr. Gary
mcmm Vesernary Medicioe, Unsversity of Minnesota, Minncapolis. MN

Esmeria ieuckert)
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NA, rarcly associated with clinical
discase

10 label

oubendazok, pyranici pamoste. directions

Admminster according to label

pamoals, “pyrantel Lartrae e

A ding 1o label :
oubendarole, ‘pyrantel pamoate. duections
pyvante! larirate L
Fenb & A £ 0 label :
oubendazole, pyrastel pamsoate, disections
pivantel tanrate
1 & Adsminister according to label
directions
1 endarol Adsumisier according o label
directions
Tvermectin, ‘moxsdectin Adsumister according 1o label
direcuons
Tvermuectin Administer according to label
directions
Praaguastel Admnistor according 1o label
directions; equine formulations
available in combination with
macrocyclic lactones
Pyvamicl pamosic

Adaunister according (o label
d: ions for

e found in Chapicr 7




Protozoan Parasites

Varacie: Eimeria leuckarti (Fig. 1.163)
Tasesoms: Protozoa (coccidis).
Guographit Distribution: Worldwid

Location in Host: Small intestine of horses and donkeys.

Life Cyle: mmmwmkmsmumm-u‘
ment, and new hosts are infected by ingestion of i <

Lo Disgis Infiction is diagnosed by finding the large, deep-bro
in the feces. A sed 3 dure has been ded, but oocysts &
mmmm

ﬁn:&-this—mp-
Clinical lmportance: Infection sppears to have little clinical significance
although rare cases of diarrhea have boen reported. Inf are seen oaly @
animals.

Parnsiic: Giandia duodenalis, Cryptospovidinm spp. (Figs 1.164 and 1.165)
b { o {Giandia, Nagcliate; Cryprespovidium, coocidia).
Geographis Locative: Worldwide,

Location in iisi: Small intestine.

Labratery Disgnesis: As in other bosts, Gaardia cysts are most casily detocts
mwwmmwwmymmm
hﬂmﬂaﬁwaﬂwkwu(uﬂlm-ﬂ p
m-dbynm-wn or molecalar tests.
CHsical tmpertance: Both infections occur mast frequently in young
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£3 The large size and decp-brown color of the oocysts of E dewckarti make them very distinctive,
Mmmml‘uﬂdmhm

T Fecal Motation test containing wdine-stained Giardia cysts.

PP 2 e P R o SR =T
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VETERINARY CLINICAL PARASITOLOGY
Helminth Parasites

it Equine Strongylid Parasites (Figs. 1.166-1.168, 1.171, 1.179)
Common name: Various, including bloodworm, small and large strongyle.

Favonoots: Nematode (order Surongylida). Numerous genera belong to this group,
including the large strongyles (e g.. Stromgylus vadgaris). the small strongyles (cyathos-
tomins), and Trichostrongylus axet

Geographic Distributicn: Worldwide.

Lacation in Hose Cecum and colon (with the exception of 77 avei, a parasite of the
stomach).

Life Cyele: Eggs released by adult worms in the Large bowel develop in fieces in the eavi-
ronment. Infective larvae on pasture are ingested by grazing horses. Large and small

strongyles undergo a period of development in the intestinal wall (small strongyles) of
in extra-intestinal tissue (large strongyles) before maturing in the bowel lumen.

Eggsare danuzd on routine focal Notation. Eggs are similaris
and are not ehy fied specifically. Quantitative egg counts s
used in targeted selective treatment programs and testing for drug efficacy
Size: Variable, with consuderable overlap among species: oggs approximately
60-120 x 35-60 pm

¢ fipical Bupurtance: Virtually all grazng horses arc infectod with strongybid parasites.
Many low to moderate infections are subclinical. although they may csuse reduced
weight gain and perfc ce. Young, ammals sre most suscopible 1o clin-
cal disease, which may molude diarrhea, colic, and bypoproteinemia




et

3 4
L &

Hquine strongyhd (strongyle) eggs in fresh focal samples are typacal of the order, with a thin
ehell surroynding a central group of cells (morula). In warm westher, lanvac may form within 1-2 days. The
w0 cggs shown hore demonstraic the range of sizes i this group of wosms, bul in most cases there is oo

miuch oveelap (0 Wdentify parasite species. Photo courtesy of Dr. Manigandan Lejcune. Animal Health
Diagnostis Center, Comell University, lthaca,

Several equane strongviid cges are present i this focal sample. Two Purascaris (roundworm)
o5 ate abso prosont

small stoogyle larvae (arrows) in masure. These small (less than 2 cm) red larvae may
hawnhrwunhuumnd‘tmmmuwhndqahmm
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Putusic Parascaris spp. (Figs. 1.167, 1.16%-1.171)
Common name: Roundworm.

Taxenoay: Ny de (order A dida). This 2ENUS WaS |

ly generally
identified as P. equorum, but investigators have recently found that P univalens is a con-
mon species.

Geagraphic Distribacios

Worldwide
Luocation in oy Small intestine of horses and other equids.

ile Cycle Infective larvae develop in eges passed in the feces of horses Infoction
occurs by ingestion of larvated eggs. Larvae migrate through the liver and lungs of the
host before returning to the small intestine to mature.

Laborziory Diagwsis
eggs
Size: 90-100 pm in diameter

Foll

Flotation procodures will detect the typical thick-shelled ascand

with some anthelmintics. adult ascands may be passed &
mnnnu.'l'hesemmﬂh:mhmn (han any other equine helminths, with fomales
reaching 50 cm in length.

Clinica

soc Adult worms are commaon in young horses, infrequent in adults
Heavy infections can cause resperstory signs (from nugrating larvae), ill-chrift, colic,
diarrhea, and mtestinal obstruction that my be fatal
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parts cges ate typical, thick-sheliod ascand cges contaimng a single cell when passed in the
v-ufwv 1.167 shows Purascaris cggs at a lower magnilication

Fe 1 Perasosrss opgs may lose 1he Tough. protinaceous coat on the cgeshell, but they can still be
dontified as sscand egps by the thick stwil and ssaghe ool inside the freshly passed cgg.

Larvated egg and «gg that has undergone the first cell division. The fecal
mmu@mh‘mmwhnmmmiwmmm
development 10
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Parsite Strongyloides westeri (Fig. 1.172)
Common name: Threadworm.

Tavenoen - Nematode (order Rhabditida).

Geographic Distributios: Worldwide.

L ocation is Host: Small intestine.

Life €yl Patent infections & Iy by of foals
Larmedeggspundmlbcfwcsd’tmlshdlolhcdc\dopmmldntmh\n

that can penetrate the skin or be ingested. In adult horses, larvac nugrate to tissues and
form a somatic larval reservoir.
Eabor + Small, larvated eges are detected by flotation procedures.

Size: 40-52 x 32-40 gm

Chigival buporiance. Clinical discase ocours only i foals Heavy burdens can produc
severe diarthea and dehydration. Respirstory signs may develop associated with lanvd

migration.

Parusite: Oxymris eqas (Figs. 1.173 and L174)

Common name: Purworm.
‘Taxenonsy: Nematode (onder Oxyurda). Probsima;via vivipary is 8 hﬁm-‘-
worm of horses.
Géographix Distri Woridwide
Location in Host: Large intestine of horses and other equids.
Lite Oyl Horses ingest infective cges. Adult fomals wornes migrate 1o the ponkaal
region and lay clusters of sticky cges. These evestually are rubbed off the borse and
contaminate the environment.
. < Becausc eggs arc attached 10 hain i the poriunal region,
mmloﬂenseenm Notation tests. A more successful procedure for m;
the “Scotch tape test.” A piece of clear adhesive tape is touched 1o the skin in the peri-
anal area and then taped onto a microscope shde and examined Pinworm eges cxn
easily be scen through the tape.

Size: 85-95 x 40-45 ym

S fesertoe Egg-laying activities of the female worms produce intonse peas.
tus Horses bite at and rub the perincal region, leading 1o a “rai-tailed” appearance and
possible secondary trauma.
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une, Animal

Choyess ogas are asymsmetrics! with & saglc polar plug. Eggs cmbryonate rapidly and may be
00 with 3 lanve made

Adult pinworms are ocvasionally seen in the feces of horses. Adult female Oxyrs can reach a
maximum size of 10 cm and can be recognized by their thin, pointed tails. Male worms are much smaller.
Photo courtesy of Dr. Jeffrey F. Williams, Vanson HaloSource. Ioc., Redmond, WA
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Purosi: Habronema microstoma, H. muscae, Draschia megastoma (Fig. 1.175)
=

Taxesiviny: Nunatods(mﬁu‘Spmmda)

Geographic Di . Worldwid

{ocation in flest: Stomach of horses and donkeys.
Life Cycle: Mnnmmmlomdmmeuomwh D megasioma in wmor-like

of horses make their way into the mouth and to the stomach.
Lubaratory Disgeosis: 'Ihhnmndegppuwdm lhc feces are oo dense to ]
most flotation solutions. A P ded for detection.

Size:  40-80 X 10-20 pm

" Clinkead fropertance: Gastritis resulting in poor growth may d:vdop 1 flies
third-stage larvae on @ wound, 2 condition known as “summer sore” can Ooour,

larvae survive and prevent wousd healing.

Parasite. Dictyocanlus araficldi (Figs 1.152, 1.176 and 1.177)
Common name: Lungworm

Taxemeny: Nematode (order Strongylida).

Geographic Dinnbution: Workdwide

Focation o Hest MMMo[hammddoukryx

Lt Cycle: Adult worms m the respiratory tract produce Larvated eggs that haich b

or soon after keaving the host. Eggs andior larvae arc coughed up, swallowed,

passed in the foces. Larvae develop to the safective third stage in the envisonment

are ingested by grazing horses.

Laberstony Digmasic Larvated cggs may be detected in foces with flotation

mwmnpdbanmumla\uuk host, -ulhcﬂnd'l— !

the first-stage larvae is the preferred tech for d

mnm&wmmmnmmwmw

Size:  Egss 74-96 X 4658
Larvae 420480 um

Clivical Trpostaie: Bronchi ia may develop. Infections appear
mmuwmwm ;
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o :
\\"’\\ 3

10 pm & .
Larvated egg of Habrenons sp The larva s surounded by a thin shell. Draschia sp. eggs are

sumlar. Photo courtesy of Dr. Manigandan Lejeune, Animal Health Disgnostic Center, Comell University,
Tthaca, NY.

} The oaly parasiic aomatode larvae that would be cxpected i the fresh feces of horses are those
: O Dictyocaudes See also Figure 1152 for Divtyocautus eggs that may be seen in tracheal fluid samples.
: Photo countesy of D Craig Rewemeyer. East Tennessee Clinical Research, Knoxville, TN,

& 14T vac of Dictyocaulus arnfieldi, the equid I bave  small teeminal projection at the
posterior cad (arraw) that can be seen with higher magaification.
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Puissic Anoplocephala perfoliata, A. magna, and Paranoploccphala mamillana
(Figs. 1.178 and 1.179)

Common name: Tapeworm.
Tuvouomy: Cestodes.
Geographic Distri Worldwide.
Location in Iost: Small intestine of horses and donkeys.
Life Cycd Eggspasedlu the feces are ingested by free-living pasture mites. Horses are

infected during grazing when they ngest nules containing tapeworm cysticercoid
larvae.

Laborstory ¥ Flotation procedures for detection of eggs in fecal samples sxe
used, but false-negative results are common. A test for detection of antibodies 1o
Anoplocephala infection 1s svailable

Size: A. perfoliata 6530 pm in diameter
Other species 50-60 pm

Chaical § Most tapeworm infoctions are asymplomatic. Discase has oos
assocla\ed with 4 perfoliata. These parasites cluster at the iloo-cocal junction, Whese
heavy infection can cause ukcerstion leading to perforation of inlussusceplon.

Horses may also be infocted with some of the trematode ({luke) parasites that affect
ruminants. For information on these parasites, soe Figures 1.156 and 1.161
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-

——
22 ym

The egg of the equine tapeworm Anoplocrphals  similat m appearance to that of the ruminant
wpeworm Moniezia. The oggs of both gencra are often uregularly shaped A pyriform apparatus surrounds
the embryo, which has six hooks (hexacanth)

Anaplosvpheda sgg (A) and several equine strongytid cggs




Helminth Eggs, and Protozoan Cysts
found in freshly voided feces of
Pigs

EGGS WITH BIPOLAR ALUGS

TAcha Suis.
EGGS WITH HOOKS
Crsiosaspos  Erwns
wh B pom  Seettumoed
N ool oyat
Crypiospancim spp.
Macracanthoynoss i
hrugnaceus TR A TR

% Pacasites found in fecal samples of pigs. Figure courtesy of Dr MM-& !
Averbeck, Colloge of Vetermary Medicine, University of Minucsota, Misneapols, MN.
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P for sel d

Parasite Effective treatments

Cystoisaspora suis “Toltrazusil

Ascaris susm Dichlorvos, d ctin, fenbendazole, B accordi
ivermectin, kevamisole, piperanne, pyrantel tartrate 10 label directions
Trichuris suis Dichiorvos, fenbendazole, “hygromeyin B Admimu:rmqtdml
10 label directions
Ocsophagastonuan spp. Dichlorvos, doramectin, fenbendazole, “hy B Admuni i
verectng, kvamisole, pyrantel tartrate to label directions
Mciasirongyhes spp Doramectin, feabendazole, Ad dis
10 label directions
Strongyloides ramsomi Doramextin, tvermectia, levamisale Adminisier according
10 label directions
Stephanuries dentaius Doramactin, fenbendarole, ivermecun, § ol Adimii "
10 label directions
Hyastrongyius rubicdus Dovamextin, feabendazole, ivermectin Adnunister according
1o label directions
Macracanthorhyncluss Ivermectin Administer according
Airadmaceus label directions
* Not Lebel-approved fos s

wchoss

cots can be fouad 12 Chaptet 7




Protozoan Parasites

Paraciie: Cystoisospora (Isospora) suis (Fig. 1.181)
Common name: Coccidia.

Tavonomy: Protozoa (coccidia).

Geographic Distribution: Worldwide.

Location in Hest: Small intestine.

Life Cyele: Oocysts are shed in the feces and can sporulate rapidly in warm w
Transmission occurs in the neonatal period with sows serving as a source of
Neonates are infected when they ingest sporulated (infective) oocysts.

Labutatery Diagnesis: Cystoisopora oocysts are & d in feces with fk

Size: Oocysts are nearly spherical and approximately 18 % 20 ym

Clivical lportance. Cystobaspora suis can produce neonatal diarrhea in
(5-10 days of age) that may be severe and cause death.

Varasite: Eimeria spp. (Figs 1,132 and | 183)
Common name: Coocidia.

Tuxeaonis: Protozoa (coccidia). Eight species of porcine Eimeria have been
including £ scabra, E. deblicki, E porci, and E spimasa

Geagraphlc Distributios: Worldwide.
focution m Hut Intestinal tract: location depends on specics and "
development.
Life Cwele: Oocysts are shed in the feces and sporulate rapidly in warm weasther P
are infected when they ingest sporulated (nfective) 0ocysts,
Laberatory Diagnosis: Eimeria oocysts are detected in feces with flotation pro

Size: Qocysts vary with species, with a range of 11-35 x 920 pm

Chinical Tmporiance: Eimeria spp. infections are common in swine but rarchy
chinical discase.

Swine may also be infected with Cryprosporidium parvum and Giardia

Mmmmﬁmmwmﬁlﬂcdmwdgniﬂeumh

zoonotic importance. For further information, see sections related 1o these pan

the small animal and ruminant sections.
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Unsporulated (A} and sporulated (B) oocyst of Cysicisaspora suis, Photos courtesy of D,
Mamgandan Lejeune, Animal Health Diagnostic Center, Comell University, Ithaca, NY.

Ouonvsts of ' porci (M) and £ scabra (S), two of the cight Eimeria species described from
pigs Photo countesy of D Mangandan Lajeuns, Ammal Health Diagnostic Center, Cornell University,
Tthaca, NY

|

Nuinerous Fimeria oocyts in a porcine fecsl sample. Although common in | Eimeria spp.
infections have little clinical importance. mmdkmmmm
Medicine. Oklahoma State University, Stillwater, OK.
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T LT N, S W SO

( coli (Figs. 1.184-1.186)
Lanonom - Protozoa (ciliate).

P T S TS T

Tuwation is Host: Large intestine of swine; may also occasionally infect b
other primates, camels, dogs, and other animals.

Life €30l Infection follows ingestion of cysts shed into the environment from’
swine. The only other stage of the life cycle is the motile trophozoite in the in

Faboratory Disgacsis. Motile trophozoites can be seen in direct fecal smears. .
tests are more sensitive for detecting cysts. The kidney-bean-shaped macro

Size:  Trophozoites 50-150 X 40-65 pm
Cysts 40-60 gm

Clinfost Taup R E - = y icinseli
Myhﬂhmmnmm




Rubasstudusn coli trophozoite in a diect saline smear. Th:uhmm; wophozoites can be seen
45 & halo surrounding the organism. Trophozoites are nsullydmm)d {ecal Nlotation procedures, Photo

courtesy of Dr. Alvin Gajadhar, Centre for Animal Pa h Canada.
L
*
The bidney beanshuped macronuckess, charsctenstic of ciliates, is present in this unstained

Balantiduan QU 4 porans teval sample (arrow) The macronucless 1 usually easily seen in stained
cuens. Phioto munm of De Mamgandan Ljeune, Animal Health Comnell

SRRt
Unsversity, Tihaca, N

Hyperusmoic flotation solutions can cause distortion of Bulantidisan coli cysts. This cyst,
found in & ZoSO, centrifugal fecal flotation preparation, MMMW‘N
Manigandan L:;:u.un Asnimal Health Diagnosuc Center, Cornell University, Ithaca,




Helminth Parasites

Vorasite: Ascaris suum (Fig. 1187)
Common name: Roundworm.
m o fa [hesder A scardish
Geographic Distrifudos: Worldwide.
Loeation tn Host: Small intestine.

Life Crele: Pigsareinfected when they ingest infective eges in the environment. Fo
migration through the liver and lengs, adults develop in the small intestine.
ascarids, A. suan has very resistant egas that can survive for years in the cavi

Laborstory Disgnosic Eges can be detected in foces with routine flotation proo
Size: 50-70 x 40-60 ym

Clinical Tnipartance: Ascaris sass is 2 and impor ite of swine,
mmﬁmqmwmmghhmmuun‘mym*
d ion and preds pigs to bacterial or viral p 1. Adult worms ia

mﬂmmnnemyauummdpm‘h Larvae can also migrate and cause
other animals and humans.

Parasitc: Hyostrongyhes rubidss, Ocsophagostomm spp. (Figs 1 188, 1.191)
Common name: Red stomack worm (Hyestromgydus), nodular
(Oesophagostomsan).

Tavenonn: Nematodes (order Strongyiida).

Geograghic Distributinn: Worldwide.

Lowavion i Host: S ch (H) vgyhar) and large intestine (Oh h

Life Cyok: Mpmuesm:d-mhfeqvle cges are shod in the feces

in the envi Swine are infected & £ ing of third-stage larvae.

Esberatas Disgeesis Typical strongylid cggs are detocted i fecal MN f

m&;o{ﬂmhm&nphgmmmwbe

et lidp o anine inthid __-. A

mlndw

Size: 69-85 X 39-45 pm

L Vgwea! Lagscance: These parasites are common 1w pastured swine, Hyostr

mmmmmammmmmmm S

‘Oesaphagostomum larvae in the wall of the intestinal tract leads to the develop

Munmmmhdm itis and reduced prodv




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Like other ascarid eggs, those of Asearss i 4 smgle cell d by
‘Aufml|Mmmclanlnmmulhm‘.h_mmﬁhuﬂh
@ two of the eges in this figure dicaris smes oEgs 3re very smilar in appearance to those of |
ascand, 4 hanbricoides

. and 0 h 1,
dwﬂmuw-wdmﬂmﬂm X
Wentification of (hard-stage larvas are GooessaTy W wdentify parasiie gonus.

A g
R AL A e
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Parasite: Trichuris suis (Fig. 1.189)
Common name: Whipworm.
T y: N de (order Enoplida)
- T s oy
Location in Hest: Large intestine of wild and domestic pigs.

Lxﬁ ()-:l\ hwlunspphvuduecll{eqekhpmmfeuedfolmu, -
in the Eges leave the host in manure and are able

cggs
for long peniods in the cavironment.
1 aboratuey Disgnosis: Eges can be detected in routine fecal flotation tests
Size: 50-60 X 21-25 pm

Clinical lnpartasce: Thi belminth infection of swine may cause:
Y s iafections can prodisce bloody diarrh

A A SN

Parasitc: Strongyloides ransomd (Figs 1.190 and 1.191)
Common name: Threadworm.

Taxonony. Nematode (order Rhabditida)

Goographic Distr Worldwide

Location in Host: Small intestine.

Life Cyele: Larvated eges are passed in the foves and hatch in the environment.

free-living period in the environment, third-stage larvac are produced that infeet

through either ingestion or skin penetration. Sows carrying larvae in (he tissues tran

mit the parasite through the nulk to their litters. :

Taberstory Diagsosiv: Egps are d d in fecal les using

The thin-shelled cgg contains 3 larva in fresh fecal samples.

Size: 45-35x 26-35pm
Clisicat Tmperiance. Strongyloides causes diarvhea in pigs as young as 10 days of a
Severe infections may be fatal.




. iy

FECAL FOR THE OF PARASITISM

Like other members of the gerus, cggs of Trichwis sy, the swine whipworm, are football-
shaped with a polar plug st cach cod

s g, il
»

Larvated S i s eges arc wsually preseat oaly in the Teces of young pigs. Photo courtesy
of Menal

The small Strongy loides ransoni egg (St) pictured here could be confused with strongylid eggs
wxwqu(S)mm.amdnwmnamnM&dmbm ',..I!
this photo are trom O denianm, Ph v of Dr. Yoko Nagamoni, ge of
Veterinary Medicine. Oklahoma State University, Stillwater, OK.
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Purasite: Metastrongylus spp. (Fig. 1.192)
Common name: Lungworm.

Taxof Nematode (order Strongylida). Several species similar in life cycle and
pathogenicity have been described.

Geographic Distsibution: Worldwide.
1 ocation in ilost: Bronchi and bronchioles of domestic and wild pigs.

Life Cyele: Eggs containing a larva are passed in the feces of pigs. When carthworm
intermediate hosts ingest the eggs. they hatch and develop to infective larvae. Swine are
infected by ingestion of earthworms containing third-stage larvac

Laborators Disgoesis: Larvated eggs are detected in feces by flotation procedures.
Size: 51-63 x 3342 ym

| Invport P are pACOMMON in sively raised swine. Heavy
infections, especially in young pigs. can cause clinical respuratory discase.

Phiysecephali datus, Ascarops strongylina (Figs. 1.193 und 1.194)
Tasonosy: Nematode (order Spirurida)

Geographic I Worldwide

Locatien in Hest: Stomach of domestic and wild pigs.

Cyoke: Eggs containing larvae are passed in the foces, where they are mpested by
bcelle intermediate hosts. Pigs are infected following imgestion of larvae in the interme
diate host.

Lal s A sedimentation procedure s recommended for detocting spirs
nd pansm:cgp The ellipsoidal cggs of both spocies are inditinguishable and are las
vated when passed in the feces.
Size: 39-45 X 17-26 ym
Spirurid parasites are unconunon 1 mtensively rased swine. Most

mrecuom m asymptomatic, but heavy infections may produce gastritis, leading 10
weight loss or failure to gain.




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

e pum

Tn fresh fecal samples, Aferastrongy e cggs contam a lanva and have a M “MI rough
surface Photo courtesy of Dr. Yok N College of Madicine,
University, Stiltwater, OK

Ascarops egg. Spueund eggs are uniikely 10 be seen if standard (lotation
Mhntmlnwmaﬂmkdﬂimw 0 the Physocephalus egg),
cpgs of Strongyloides ot Metasirongyius. Photo courtesy of Merial.
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Ui Fasciola spp., Eurytrema p i Di liwm dentritia Sch
spp. (Figs. 1156, 1.159, 1.160, 1.195)

Although swine are not considered to be the primary host for most trematodes, pigs
may be infected with trematode parasites (Fasciols spp E [xmnwlm D. m
cum, Schistosoma spp.) that also infect rumi of &
swine would only be seen in pastured pigs because lhc complicated life cycle of flukes.
p in confi p

Parasite: Mo horhynchus hirudis (Fig. 1.196)
Common name: Thormy-headed worm.
Tuvonomy: Acanthocephalan.

Gex Distribation: Worldwide
Location s Host: Small intestine.
Life Cycle: Parasite eggs are passed in manure and i by beetle d

hosts. Swine are infected when they ingest infective larvae (cystacanths) in beetles.
Laboratory 1 Eges are not consistently recoverad by flotation procedures A
sedimentation procedure should also be performed

Size: Variable, 67110 x 40-65 pm
Clinical ctance: Acanthocephalan parasites have a proboscts covered with hooks.
Auactm.-m of the proboscis causes damage 10 the mtesunal wall. Clinical signs range

from none to diarrhea and weight loss. Macracanthorhynohus 1s unlikely 10 be preseatia
total-confinement systems.
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FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

F a eggs Tren
wore common i other parts of
domestic animals. Photo courtesy of Dr. Alvin Gajadhar, Contre for Animal Parasitology, CFIA,
Saskatoon, Saskatchewan, Canada

20 pm

wdinacews cgg The combryo (acanthor) is surrounded by several
membeancs and contains hooks at o J hat are often visible (arrow). Common Lapeworm cggs also
contasm hooks, but thormy-headed w 2 have 4 more complex membranous structure and an clongated
embryn Phote courtesy of D Alvin Gagadhae, Centre for Animal Parasitology, CFIA, Saskatoon,
Saskatchewan, Canada

Macravanidarkym hus
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Birds
Protozoan Parasites

Parasite: Eimeria spp., Isospora spp. {Figs 11971201, 1.211)

Common name: Cocadia.
Taxouoiny: Protozoa (coccidia). Emmerig spp. are common in pou.l(ry uld other
Galliformes and Columbsiformes. fsespors spp. are more common in

Psittaciformes. and Piciformes. Species of coccidia are host specific. Caryospons,
Sarcacystis, and Atoxoplasia are other coccidia genera that infect some birds.

++ Worldwide.

tios fn Host: Primanly in the gastrointestinal tract. ;
Eife Cyle: These parasites have a typical coccidia life cycle. Birds ingest infective
oocysts from the environment. Sexual and asexual multiplication most oflen ooows

within cells of the intestinal tract (some specics are found in other organs). Developaiest
culminates in the production of cocysts, which are passed in the feces.

Laboratery Diags Emmseraa oocysts are detected with routine flotstion procoduns.
Sporulation of cocysts may be required for specics identification

Size: Approximately 10-45 pm in length {oocysts), depending on species
€ tivical Importance. Coccidia are of d and wild binds. Mamy
infections are asympromatic, but under u-sc circemstances coocadia May CRUSe SeVere
diarrhea and death. Eimeria spp. are among the most important pathogens in moder
poultry confinement operations

Eimeria spp. 0ocysis from  chicken. Emsria species are common parasiies of wild and
Mmhﬁndudhmﬁm be nfecied with muduple cocoidia species.




After reaching the

eavironment, Eimeria oocysts

2 the length of ume required
for this process is determined by
temperature but may take only a few
days. Burds may be simuliancously
infected with muluple Eimeria
specics. This chicken sample shows
oocysts of different sizes representing
severul different specics, Photo
coantesy of Dr, Yoko Nagamor,
College of Veterinary Medicine,
Oklahoma State University,
Suliwater, OK

Tsospora spp. can also be
found n binds. as seen in Uis tecal
sample from & zebra finch. Sporulated
Lsngpora spp. OOCYSLS CORLAIN Two
sporocysts. Photo courtesy of Dy
Manigandan Lejeunc, Anunal Health
Diggnostic Center, Comell University
Ithaca, NY.

Canpons Dcyst
The sporalsted ooyt of this
penGs containa & single apoTUNYsL
with eight sporosoies. Phowo
courtesy ol Dr. David Bakex
Schoal of Veteruary Modicioe
Lousiasa State Uninenaty, Baton

Rougs. LA

F Sarcocystis & another
coccidia genus that may be found in
the feces of carnivorous birds that




“ i Cryptosporidium spp. (Fig. 1.202)

Tuxouomy: Protozoa (coccidia). Avian species of this genus include C. baileyd and
C. meleagridis. The latter species has been found to be infective for humans and some
other mammals, as well as birds.

Geographic Distribution: Worldwide.

focation in Host: Gastrointestinal, respiratory, and/or urinary tracts depending on
host.
Life Cycle lnfc:.uon of the bird host follows ingestion of the mfecuw onm.
Devel and duction occur in the epithelial cells of the gas 1 and
respiratory tract pnnunly In some bind species, the urinary tract is .Aﬂ’eud
Laboraton Diggessiv: Oocysts can be detected with the Sheather’s sugar flotation pro-
cedure. Acid-fast or other staining procedures of focal smears can also be used, as well
as fecal immunodiagnostic tests.

Size: 4-6 pm in dismeter
Clinical lmportance. Depending on the body systems affected, birds may show diss
rhea, coughing. sneezing. and dyspaca or renal discase. Severe infoction may cause
death. Cryprosporidium micleagridis can infect humans.




Cryprasporidiasn spp. 0ocysts in birds arc similar 10 those of
Shdes should e examined using the 40x lens of the microscope.
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Parasiie: Gastrointestinal Flagellates (Figs 1.203 and 1.204: sec also Figs. 1.53-1.39for
llustrations of Giardia) 3

l \\m omy Pmlozoa (ﬂzgdhus)« Snrm.l genera are found in the avian digestive tract,
T -

Giardia, Sy leus (= Hexamita),
and Chilomastix.
Geographic Distribution: Worldwide.
Location in Host: Trichomonas gallinge is found in the upper digestive system;

Histomonas in the cecum and liver; and Cochlosomsa, Giardia, and Spirenucleus in the
intestines.

Life Crele: Most avian flagellates have oaly 3 trophozoite stage. They are transmitiod
from bird to bird by direct contact and contaminated food or water. Feeding of yoeng
birds by adults can also transmit T gallimae, while Histomonas can be carnied in the cgss
of the cecal dy Heterakis. Giardia iroph encyst in the intestinal iract
Cysts passed in the feces are ingested by birds. Chilomiastex also forms cysts

Luboraiors Disgnosis: Trichomonas tropbozoites have anterior lhgtlhandm“
ng membrane Th:y can usually be detexted in smears made from exudales or losions i
the oral cavity, esophagus, and crop. Giandia cysts can be recovered by ZnSO, contrife-
gal flotation. Chilomastix cysts are rarely found in foces. Giardia, A’a«u’h‘. and
Cochlosoma trophozoites may be seen in very fresh focal smcars. Spionucions has 8o

sucking disk, unlike Giundia and Cochbas His is unlikely to be detected in
fecal smears.
Size: Trichomonas 8 14 gmin length, depending On SPEcKs
Giardia trophozotes 10-20 x $-1Spum
Giardia cysts 16-14 x 8- 10 pm
Cochlosoma 610 % 4.6 5 um
Spiranucteus $12%2- Tpm
Chilomastix 6-24 % 3- 10 pm

t wrtnnce: Pigeons and raptors are particularly susceptible 1o trichomoniasis
ol the upper digestive tract. Affected birds may show depression and weakies with
characteristic plaques and accumulation of cheesy matersal in the mouth, esophagus,
and crop. Severe infections may be fatal. Although many Giardia infections are asymp-
tomatic, the parasite can cause diarrhea, depression, and debilitation, particularly i
young psittacines. Feather picking associatod with infection has also been doscribed.
Histomonas s the cause of blackhead in turkeys. Other flagellates may also produse
diarrhea, but many infecti are asymp . None of these avian {lagelistes has




Trichomonas spp. in birds have an undulating membrane and several antenior Nagella, 'n-qm
be soen in smicars made (rom lesions in the upper gastromicstinal tract. The presence of caseous
the esophagus and crop is alsa helplul in diagnosis.

-

Chifommastin s 3 gewis of mmmdnmnmm-dummmdmmm
uswally conndered of 5o pathogen ugaortance, but the §
focal sampies. Phioto courtesy of D Manigandan lmwmmmm
Unsversty, Ithacs, NY




160 VETERINARY CLINICAL PARASITOLOGY

Helminth Parasites
Varasite: Capillaria spp., Encoleus spp. (Figs. 1.205-1.207, 1.213)
Laxonomy . Nematode (order Enoplida). A variety of species can be found in domestic
and wild birds.
Geographic Distribtion: Worldwide.
Location in Hest: Various locations in the gas inal tract, depending on specics.

Lite €ycte Egs are passed in the feces of the host and become ml'ccuvemlh:m
ment. Some species, such as C ebsignara, have a direct life cycle, while others have beet
shown to use an carthworm intermediate host.
Laborstory Diag Bipolar-plugsed egas can be detected in the feces with flotatios
techniques.

Size: Approximately 45-70 pm in length, depending on species
§ Tt t Capillarid parasites can cause severe inflammation wherever spe
cies oceur in lhe digestive tract, including the csophagus, crop, and intestines. Heavy
infections may be fatal.

el i
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Eggs of Capallania spp are very common ia the feces of domestic and wild binds. The bipolar-
plugpad cgps have a thick shell and are typecally yellowish. Thus Cugpillorsa cgg was present in a fecal sample
from « superb starling. Capallarad spp. are uncommon i powliry mamtamed in total-confinement systems.
Photo courtasy of Di. Manigandan Lejeuns, Ansmal Health Disgnostic Center, Comall University. Ithaca, NY.

Figp of Facwlows dopar from  sharpshunned bawk. Photo courtesy of Dr. Manigandan
Leounc. Animat Health Diagaosin Conter, Cornell University. thaca, NY.

Wumcumudﬂ(ﬂm]ﬁ:m’pmmwww%l
4 pamasite of the bladder of rats. Because parasite eggs of w
mnnxluammmmmdm)dummwmnm o can t
identified. Photo coustesy of Dr. Stephen Smuth, Viegini- College
Virgimia Tech, Blacksburg, VA
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Putasie: Avian Ascarids (Figs 1. 208-1.210)
Common name: Roundworm, cecal worm (Hererakis).

Taxonoms: Nematodes (order Ascaridida). Ascaridia spp. and Heterakis spp. arc com-
mon in poultry and many wild bird hosts. Subulura spp. occur less commonly in poultry
and various other species of birds. Porreccacien spp. and Confracecum spp. are also
found in a variety of bird hosts.

Geographic Distribition: Worldwide.

Loeation fa Howt Intestinal tract; Heterskis spp. and Subulura spp. parasitize the ceca
of birds.

Lite Cyele Eggs are passed in the feces of the bird host and develop to the infodtne
stage in the environment. Birds become infected when they ingest infective egss
Earthworms may act as port hosts

Laboraton Magnesls Thick-shelied sggs are detected with flotation procedures Eggs
of Ascaridia and Heterakis are similar tn size and morphology and may be difficslt 16
differentiate. Fggs of Subuhors are larvated.

Size: Ascaridia T7-94 x 43S pm
Heterakis 66-T9 x 4148 pm
Subulura 51-86 x $5-76 pm

Clinieal luporiane: Larvae of Ascaridia appear 10 be the most pathogenic stage and
may cause enteritis in the prepatent period. Heavy bundens of adull worms can cawse
enteritis and intestinal obstruction. Herenskis is prumanly important in poultry as @ veo-
tor of Histomonas meleagridis (blackbead), which can be a serious disease of turkeys
The protozoan is carried from bird o bird in the cges and larvae of Hetevakis. M
infecti of Heteraki lonche due 1o nodular typhliis have been reported is
pheasants.




FECAL EX,

¥ A smooth, thick shell is scen in both Ascandia spp. and Heterakis spp. cggs. This sample from a
chacken shiows two larper Ascarada opgs and a single smaller Herenskis cgg The eggs of these two genera
way be difficult o dstingussh. Photo courtesy of Dr. Yoko Nagamon, College of Veterinary Medicine,
Oklshoma State University, Stillwater, OK

Another ascand geous fouad in ducks and wild birds is Porrececum, which has cggs with a
rough shell simdat i wppeatance 10 that of many mammalian ascacid specics. Some Porrocecun eggs
polar plugs (A) wis tound w feves from a Harms hawk, and (B) was from a great homed owl.

E Subulura hruanpti czgs w the feces of a chicken. Unlike most ascarids, the relatively thick-walled
<ggs of subulunds are larvated when passed 1 te feces, but specics identification may be diflicult. Photo
courtesy af Dr. Enn Burton, University of Minnesota College of Velerinary Medicioe, $1. Puul, MN.
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Parasite: Trich ngylus tenuis, Amid. spp., and Other Avian Strongylids
(Fig. 1.211)

Tavonoms: Nematodes (order Strongylida). Trichostrongylus renuis and Amidostomum
spp. oceur in domestic and game birds.

Geographic Distribution: Worldwide.

Locution in Hest Cecum and intestines of game binds, poultry, and wild birds.

Life €yole: Eggs are passed from the host in the feces. First-stage larvae haich from the
cggs, develop to the infective stage in the eavironment, and develop to the adult stage
when ingested by the avian bost.

Laboratery Disgaesis: Typicsl thin-shelled strongylid cggs can be detected with flota-
tion procedures.

Size: Varies with species
T remuis 6375 x 3542 um
Amidostomum anseri £5-110 X 50-82 pm

Clinical lmpertumce: Heavy infoctions of T femuts can produce severe cntentis with
resulting hemorrhagic diarrhea, weight loss. and death

: Syngameas spp. (Figs 1.212and 1.213)
Common name: Gapeworm
Nematode (order Strongylida)
Hvard Worldwide
fost: Trachea and bronchi of numerous domestic and wild birds. Spocies
ohsmnlar genus, Cyarhostoma, are found in some aquatic birds and binds of prey.

Life Uyvle: Eggs are produced by females in the trachea and are coughed up, swal
lowed, and passed out of the host in the feces. Infective larvac may be caten directly
from the eavironment by the avian host, or they may be ingested by an earthworm o
m"““w‘nlmspon host that is eaten, in tarn, by & bird

¢ Dizguosis: Ellipsoidal, bipolar eggs are scen i the foves with flotation
pmcalum
Size: S(meqpso“m

wriaoce Young birds are most severely affected. Larpe numbers of pars-
sites lnd exndnc obstruct the airways and can suffocate the host. The parasite’s com=
mon name DHme: from the gaping and gasping of infected birds as they attempt to
breathe. 5 n poultry systems.




FECAL

Strongylid egg and cocudia oocysts in an avian fecal sample.

Srmpemon s 0x8 (rons & crow This is & common parasice of wild birds and poultry kept
outside Um.u most strvagyind eggs. Nymgameny oggs have bipolar plugs.

g Like Syuganus, eggs of Capillaria and Eucolews spp. have bi
Wmu:hm«ndmmnm«ulwd}dd‘nudhtmlm
m&uamumdbﬂhw(&u‘m
Dr. Manigandan Lejeune. Anmal Health Dy
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"\ Dispharynx, Echinuria, Te Cheilospivare {Avuacsa) A
and Others (Figs. 1.214-1.216)

1+ Nematodes (order Spirurida)
st Worldwide.

atioss i Hlost: Species are found th houl the digestive tract. S euly
pnmsmzcs the respiratory tract of some \nl»l birds.

Life Cyele Adults (except Serratospicidion) are located in the digestive tract. Eggs are
passed in the feces and are ingesied by various arthropod intermediate hosts. Birds are
infected by ingesting an intermediate host carrying infective larvae.

Laboratory Disgmesis Flotation and sedimentation techniques can be used to detect
the relatively small, larvated eggs in feces

Size: Approximately 30-55 x 20-35 um, depending on species

Loo

rtance Most infoctions with this group of parasites are not highly pathe-
gcmc Huwcvcr Tetrameres and Dispharynx in large numbers i the proventriculus may
cause weight loss and reduced production. In poultry, members of this group of pars-
sites are rare in total-confinement management systems.
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t.: Echinostoma spp., Echinoparyphium, Prosthogonimus spp., and Others
(Figs. 1.217 and 1.218)

Common name: Fluke.
Tanonomy . Trematode.
Geogruphic Distribution: Worldwide.

10st: Domestic and wild birds are parasitized by many fluke species. Adults
can be fuund in various body systems. including the intestines and respiratory and
reproductive tracts.
Life Cuele: Adult worms produce eges that leave the host principally via the digestive
truct. The first intermediate host is a mollusk, and a variety of animals act as second
intermediate host depending on the fluke species (with the exception of schistosomes,
which do not require a second intermediate hosth.

baritue . Fluke cges in feces are best detected with a sedimentation toch-

ulquc because of their higher density. Fluke eggs are typically operculated and brows

Size: Highly variable with species, approxamately 20-100 pm in length
{ il * Many fluke infoctions are of low pathogenicity. Some gonera of
lmponarwc in domestic poultry are Echmostoma and Eclumoparyphiun, which nsay
cause enteritis, and Prosthogoninas, & parasite of the oviduct which can cause abaor
mal egg production and peritonitis. Because of theur complex life cycles, flukes will be
seen only in birds with access to intermediate hosts and will not occur in poultry coa-
finement operations.
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The dovelopang saracedivm can be seon rside this avian lematode cgg found in foces (rom a
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VETERINARY CLINICAL PARASITOLOGY

4iwiic: Davainea spp., Choanotaenia spp., Raillietina spp., Hymenolepis spp., and
Others (Figs. 1.219, 1.220)

Common name: Tapeworm.
Faxonmmy: Cestode.
Geopgraphic Distribution: Worldwide.
L oeation n Hiest: Small intestine of a wide variety of domestic and wild birds.

Lile Crele: Eggs are passed in the foces Insects are the most common intermediate
hosts, but other invertebrates may also be used by some species (e g., the intermedizte
host of Davainea is a mollusk).

Laberators Diagnosis: Although proglottids are intermittently passed in the feces, detec-
tion of eggs by fecal exam is unrelisble. and disgnosis is usually made at necropsy.

Size: Varies with species; individual cggs of many speces are approximately
50-80 pm; some species have large ez packets

Clisicnt Tporsnce. Many tapeworm infections are asymplomatic However, some ae

serious path : for le. Davainea progiotting and Raillicting echinobothrids &8
cause severe enteritis and death in domestic poultry. Tapeworms 4e CONMMON i G008
fined poultry with access to the intermediste hosis.
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Rasliserima sp eges (rom a ducken The embeyomic hooks are clearly visible, and this characters
wtic 1 very helplul i recognizing tapeworm cggs. Photo cowrtesy of De. Manigandan Legeune, Animal
Health Diagnosie Center, Comell University, Ithaca, NY
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Tapeworm cpgs from & magpie Scattered among the cestode eggs are occasional cocaidia
oocvats (ernwa) Photo courtay of D Alvin Gagadbar, Centre for Ansal Parasitology, CFIA, Saskatoon,
Saskstchewan, Canadas
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VETERINARY CLINICAL PARASITOLOGY

Uarasite: Polymorphus spp., Filicollis spp., and Others (Figs 1.221 and 1.222)
Common name: Thomy-headed worm.

tavenonn: Acanthocephalan.

Worldwide.

Focation in Host: Digestive system.

Life €yole: Eggs are passed in the feces of the host. Infective larvae develop in arthro-
pod intermediate hosts and infect birds when they arc ingesied.

Laboratory Disgeesis: Eggs are not consisteatly recovered by flotation procedures. A
sedimentation procedure should also be performed
Size: Approximately 30-100 pm in length, depending on species

Clivdcal loporta Thomy-headed worms are pimanly parasites of free-ranging and
wild birds because of their complex ife cycies. Heavy infections may cause digrrhea and
debilitation.




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Egg of a thorny-headed worm (Centrorkymolug) from mlead-humlm
Acanthouephalan cggs bave several intemal Layers surrounding the lanva {acanthor), Photo courtesy of
D Elis C Greiner, College of Vetennary Medicine, Usiversity of Flonida, Gainesville, FL.

Acanthocephalan (Phagas inwokss sp ) cags ia the foces dumnhkuwnuom
of D Maoigandan Loeune. Ananal Health Diagoostic Center, Corasll University, Ithaca, NY.
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Rodents and Rabbits
Protozoan Parasites

Parasite: Eimeria spp. (Figs. 1.223-1.225)
Common name: Coccadia.

Taronumy: Protozoa (coccidia)

Gen ic Dristetbe Worldwide

b Houst: A variety of specics parssitize the intestinal tract of rodents and rab-
bits. Eimeria stiedae is found in the bile ducts of rabbits.

1ife Crele: Oocysts passed in the feces can sporulate quickly and infect the host whes
ingested. Asexual and sexua! reproduction oocurs in cells of the gastrointestinal tract.

Laboratory Disgnisis: Oocysts can be detected in foces by centrifugal or simple flota-
tion techniques. Oocysts are elliptical to sphenical-shaped

Size: Approximately 10-435 x 10-30 pm, dopending on species

Clinfeal Taaport Some species are nonpath - Pathogenic 1 coccadia
can cause anorexia, weight loss, profuse diarthea, and death. Eimeria stiedar wfoction
of the rabbit liver can cause anorexia, diarrhea, distended abdomen, and death.

Rodents may also be infected with species of Guardia and Cryprasporidisen (s
Figs. 1.50 and | 33-1.39).
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F

Epnersa oocysts have smooth, clear cyst walls and contain & single round cell when freshly
passad. The oocysts i this figure are Esorsa niesvhulz, a parasite of rats. Phowmnsyofnr George
Conder, Plizes Vetenuary Medicine Pharmaccuticals Clinical Development, Plizer, Inc, Kalamazoo, MI.

Roudent and cabiut hosts may be wfected with multiple species of coccidia. Oocysts of more
thian wac spovivs of rabbin Fiseria were detested i this sample. MmydeNM
College of Vererinary Modiine, Oklahoona State Unsversity, Stillwater, OK.

R st

; Ougce in the . ovcysis undergo lation te the wi e o~
of Eimeria contain four cach wo iadividual 5800 S0P
can dearly be seen iside this rabbit Esmeria sp. oocyst. th

nonpathogenic yeust organisms lhzum\'erywuwnn\nmihl&m E - s ¢
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Helminth Parasites

Vsl Syphacia obrelata (Fig. 1.226)
Common name: Pinworm.
Nematode (order Oxyurida). i
s Disaribastion: Worldwide.
wation in Host: Lange intestine of mice and gerbils.
Life Cyule: Eges passed in the feces quickly become infective. Rodents develop infec-
tion following ingestion of larvated cggs.
Laboratory Diageosis Wknmlinlh:ft\t&cs!&c‘“b‘dm‘dbymm

tion techniques. Eggs are normally found on the skin in the perineal regioa of infected
animals.

Size: 100-142 x 3040 pm
Clivieal boportance: Infections are typically subclincal

Varasiic: Aspiculuris tetraptera {Fig. 1.227)
Common name Pinworm.
Vaxouomy. Nematode (order Oxyurida)
Geographic Distiibutios: Worldwide
Large intestine of mice.
Life Cyele: The fife cycle is similar 10 that of Syphacia shlevara. Adult pi
develop following ingestion of infective cges.

Labaratory Dlagnesis: Eggs can be detected in foces by centrifugal or simple flotation
techniques. The eggs are cllipsoidal with a distinctive double shell wall and contain a3
undiffercatiated embryo in fresh feces

Size: 70-98 X 29-50 yum

Clinivul Tmportsace; Infecti arc usually

It 1




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

T

Syphacia ogg 1 foces from @ gorbel. Eges of Srphacis have a smooth, clear shell
d morula w fresh

oac wide: and contain an undifl

Common i
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Varasitc Passalurus ambiguus (Fig. 1.228)
Common name: Pinworm.

T v N de (order Oxyurida)

Gearrmplis Dishribution: Worldwid

Tavation in Host: Cecum of rabbits.

Life Cyele: Eges are passed in the foces of infected rabbits. The cpes b
within a short period and infect the next host when ingested.

Lah ¥ Difags Eges can be detocted in foces by 11 PR
have a smooth, clear sheli wall that is lat on one side.

Size: 95-103 x 43 pm
Clinical b . Infections are usually subclinical

Purasite. Paraspidods i Heterahis sp (Fig. 1.229)
Tavenos: Nematodes {order Ascaridida).

Geographic Distribution: Wordwide

Lacativn i [ lost: Cecum of guines pigs { Paraspidodera) and rats (Hetenakis). ;

Yife Cyvle mmthfu&dwwwdxuwmdm
when they are ingested. -

shelled eggs.

Size:  Heterakis 3560 % 40-55 pm
Puraspidodera 43 % 3] pm
Clinicat Tmporcance: Tnfection is usually subclinical. These s are soen

in wild rats and guinea pigs raised on dirt.
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FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Pus

exampie). and ¢

opercul am-like strecture at one end (not clearly visible in this
ated morula i fresh focal samples.

ccal worm of guinea pigs. The eges produced by this
1an cecal worm, Heterakis (Fig. 1,194). Photo

to thase of i

of Vewennary Mediciae, Louisiana State University, Baton Rouge, LA
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Purasite Heligmosomoides polygyrus, Nippostrongylus  braziliensis, Obeliscoides
cuniculi, Graphidium strigosum (Fig. 1.230) s
Taxonomy: Nematodes (order Strongylida).

sraphile Distribution: Worldwide.

¢

seation inligst: Stomach (Obeliscoides, omm.bm)m rabbits; small intestine of rats

Nipp ngyhus) and mice ( Hell des).
Lile Lyl Eges pussed in the foces develop into first-stage larvae, which hatch and
i the In most cases, the definitive host s infected

by ingesting uun!-mg: larvae, but larvae of Nippesirongyhus braziliensis usually peae-
trate the skin of the final host.
Laburatory Disgnosis Fecal flotation procedures will recover the typical strongylid
eggs produced by these parssites.

Size: 52-106 x 2838 pm (cgas), dopeading on spocies
Clissi Parasites belonging o this group of nematodes are unliksly

\X‘L’lll’lﬂupdﬂbhlls:ndndmbhﬂmu—- in wild Is. Inf 13 Usually
subclinical.

Parasiic: Hymenolepis spp. (Figs 1.231 and 1.232)
Common name: Dwarf tapeworm of bumans () menolopis mana).
Tuscuny: Cestode, The most common specics in domestic nmuum-u—ﬁ

(= Vampirolepis) nama. Other species inf jonts are H. o
H. microstoma.

pnmdsosemuhosufor" nana

Lie Uyele: Eges passed in the foces of defi hosts are mgested by beotle di
ate hom Rodems and humans are infected followmng ingestion of the istermediate host
Is. Infection with adult }. nana can also follow ingestion of the

g )

3 Eges with six embryonic hooks are detected by either contrife-
ﬂl orumplc l'cca| ﬂozauon examination.

Size: H. nana 40-45 % 34-3Tpm
H. diminuta 60-88 x 52-81 pm

Chigtic strance: Infections are usually subclinical. Heavy infections, particularly
yonngmm can result in poor growth and rarely intestinal impaction and death.




Strongylid eggs 1 the fooes of rabbits and rodents are similar to m—ﬂ'm
other common domestic hosts. These cggs were obscrved ia the ﬁmnf a lﬁ-
Dx. Yoko Nagamost, College of Veteninary Modsaine, Oklahoma State

*

Hymewalpis mons @iects rodonts and primates, mumhmﬂlmdu
“vﬂnndmuunamkwnwhu\hnlswmm protrusions at nuhuglg.
wmbryn. Lk e of other commen tapeworas, hooks are visible within the cmbryo.

fo 0 Other species of Hymenolepis found in rodents have larg
cggs ans seen in fecal samples of dogs an
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Farsiie Gittotaenia spp. (Fig. 1.233)
Common name: Rabbit tapeworm.
s Cestode.

Faxe

Gieog tice: Worldwide.
focation in Host: Small intestine of rabbits and hares.
Life Cyele: Eggs are ingested by free-living onbatid mites and develop into the cysticer-
coid larval stage. Rubbits are infocted when they ingest the infected mites
Labutatery Diagnesis: Fecal flotation procedures will recover Citfotaenia eggs.
Size: 64 pm in diameter

Clinical Impertance: Heavy infections may cause weight loss.

Reptiles

Parasite: B ba, Cryprosporidisan, Eimeria, Isosy Caryosp other p
(Figs. 1234-1.235)

Taxonoan: Protozoa.

G " Worldwide.

Location in Host: Gastromtestinal tract
- Life Cuile: Reptiles are infected by ingestion of cysts or 0ocysts that are passed in host
feces. ¥

¥ o Dinguosic Edmeria, Caryaspora, and Cryprasporidium cocysts aad

Nyctotherus cysts can be detected by fecal (lotation technigues (the contrifugal flotation

with Sheather’s sugar sok is recommended for Cryprasporidise). Wet
mounts of feces or colonic washings can be examined for Entamacha trophozoites amd
cysts and Nycrotherus trophozoites. Fecal smears may also be stained with Wiight's
stain or Giemsa stain.

¢ Crplosporidisem serpentis may cause chroni hypertrophic astri

s in mhs. associated with weight loss and regurgitation. Entamaocha imvadens can
cause bloody diarrhea and hepatitis in snakes and some tortoise and luzard hosts, Weight
loss and enteritis may accompany infection with Eimneria (an reptiles) and tm
(primanily snakes). Nyetotherus and several other
considered commensal in most hosts but may become palhugcnu i thc hnn 'y
Immunosuppressed.
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Cuitobaenia cggs are quite sumlar i appearance 1o Hymenolopis cggs. The hooks in the

tpeworm embryo are usually casily seen

- Ll
’ " & 4

1 ¥
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; A w W 0

Trophosoite (A) and cyst (B) of the 1 ciliate h fc

ophasois (A) and cyst (B) . ' an iguana. The

rophasoties can be sevn i Teval sncars; Cyss can be
of De. Manigandan Lageune, Animal Hoalth Diagaostic Ceater, Londl Um-rny. lm NY

Entamoeba invadens trophozoite in ann&mﬁmlhﬂnMA”
aucleus (N) is seen in the troph and they are -lhn'hm
be seen in 3 wet mount of (resh feces. Photo courtesy of Dr. Ellis €. MWMM
Medicine, University of Florda, Gainesville, FL.
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Cyst of Entamccda imadins ia an sodiassisinod smcat of roplale fooes Teo of the fowr maks
lNlFBﬂIlmthtn\iunbemh.:»i Cysts are 1520 pm. Photo courtosy of Dr. Thomas Nola,
School of Veterinary Medisias, Unavcrsity of Posssydvasia, Philadelphis. PA

i Sporulaiod Caryageora oocyst s U feoes of & loggerhead Tustte Gocyais of pecy coondin
specics may be found in the feces of carmvoroes sepuiios. Photo courtesy of D Hesther Waldes College ol

Veterinary Medicine, University of Flonda, Gassesvilie, F1

T8 Coscidua tn the feces of a bearded dragon. Isaspera (1) aocysis in the 2-cell stage and &
MM(E;WmMLAwmmmuMpmz Photo courtesy of
Dr. Yoko Nagamosi, Colloge of Veterinary Medicing, Oklahoma State University, Stillwater, OK-




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

Reptile Helminths (Figs 1.238 1.254)

N I todes (tar ms), des (fukes), hocephal
(thorny-headed worms), and pentastomid parasites.
Waorldwide.
Helminth parasites can be found in a variety of body systems,
although those detected by fecal exam are p ily g 0 inal or respi Y Sys-

tem parasites.

Life cycle varies wadely depending on the species. Some nematodes have a
direct life cycle. Other nematodes and the remaining helminth groups all require at least
one intermediate host

Eggs are detected in feces by flotation or

Asin other hosts, low levels of helminth mfection are usually well
tolerated by repuiles. Heavy infections may result in clinical disease, especially in young
or immunosuppressed animals. The complex life cycles of most flukes, tapeworms, and
thorny-headed worms make these parasites uncommon in reptiles bred in captivity,

Onyund (pwers) cegs ws lrequeatly encountered ia repule feces. These cggs are usually
clongated wndd may appear (et 06 cae sde. The eges showa here are from & bearded dragon.
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Ploworm cgg from 2 tertle

40 pm

. Repiles may be infected with the sume grown of hrimanth paressies thst inft other
Vertebrates. The photo shows cxamples of repeile capliand and sssnd eges

B This Capillaria serpensia egg from a turtic has a distinctive rough coal. Photo courtesy of
- Manigandan Lejeunc, Animal Health Diagnosuc Center, Comnell University, lthaca, NY.
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Acbiephabe s cgg lom a pyihon. This is one of the genera of strongylid nematodes
perasitining repiiles. Eggs of this neaatods group are thin shelled. hrmmmwu
B larvatad o contan 4 motula (ister of cells), like the onie shown bere. Photo courtesy of Dr, Ell
Greiner, College of Vetonaary Madiane. Universty of Flonida, Gainesville, FL.

Rhabditid nematodes Wke Rhabias and Steongyloides ooeu i repiiles and amphibians. Th

eﬁmmtnmfmdammmw”mﬂum
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¢ Rhabdias is a common hengwons of frogs. First-stage larvac are passed in the feces.

B9 1247 Tapeworm egg from a water moccasin. This 6gg is servounded by » pelstinous Layer with one
Nﬂhhﬂmaﬂmuﬂkmmy

1A47 Tapeworm cgg from an anole. This cgg is alk by a clear layer
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Fluke (trematode) i
The opercutim is clearly visible («

s are common i wild roptiles, especially those associated with water.
ww) in this fluke cgg from an anoke:

Flukes are al

v awpliubuans. These eggs of the lung Nuke Haematoloechus were
touad 1 '

oo countesy of De Heather Waldea, College of Veterinary

e foces of an A

Modwine, Universaty of Flonda. Gamesy

5, HEPTILES

ol M e, T

BIRDS, ROGENTS,

4
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Spirorchid cgg detected on sedimentation of foces (rom & wood turtle. Spirorchids
flukes infecting vanous species of turtles. This large egy lacks an operculum and contains & l‘ult.ynwm
miracidium. Note the two black eye spots in this miracidium
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Another spirorchid fks o fapaieeroms This ogg from 2 groen sca turtle bas 4 long Sametm
guhmd. Pimummvu“’h Hicatiner Walden, Colicgs of Vatorsmany Modine, Univensty of Plosale,
amesville, FL.

¥ Acaathocephalans (tharmydoaded worms) arc slso »common @ wild roptdes This egg was.
anmumim.w taverad shell that would also by soes s the oggnal 4
thoray-headed worms of sazkes




CHAPTER 2

Parasites of the Urinary System

Several organisms parasitize the urinary tract, and their eges and cysts can be detected

by routine urine sedimentation. Samples collected by cystocentesis are preferred because

3 voided unine samples could be contanunated with fecal material containing parasite
cgas or larvae from the intestinal or respiratory systems.

Urine Sedimentation

Centrifuge 510 ml of unne n a conical-tip centrifuge tube for 5 minutes at 1500-2000
rpm (approximately 100 x ),

Decant the supernatant fluid, leaving 0.5 mL. Resuspend the sediment.
Transfer a drop of sediment to a slide, add a coverslip, and examine,

Vetermary Clinical Parasitology, Ninth Edition. Anne M. Zajac, Gary A Conbay, Susan E. Litde.
and Mason V. Reichard

©2021 John Wiley & Sons, Inc. Published 2021 by John Wiley & Soos, Tae.

C ‘website: www.wiley. c ?




Parasites of the Reproductive Tract

Organisms that are primary parasites of the reproductive tract are not important patho-
gensof common domestic speciesin North Amenica, with the exception of 7ritrichomonas
Soetus. In South America. West Asia, and parts of Africa. Tryparosoma equiperdum
causes serious disease i horses and is transmitted venercally. However, this parasite is
difficult to recover from tissue fluids or blood, and immunodiagnostic tests are usually
used for confirmation of infection. Several other parasites can affect reproduction asa
part of general systematic effects, including Neospora, Toxoplasma, and Sarcocystis.
These pamu:s also would not be recovered and identified in the live animal.
Tritrich Joetus is a p of cattle found in the uterus and vagina of cows
and the prepuce of bulls. m;msuo( infection is usually by detection of the organism s
preputial samples from bulls, although vaginal or cervical secretions from cows can aise
be tested. A number of US. states require testing of bulls for 77 foeius before merstste
movement. A commercial kit is available that provides a plastic pouch containiag &
medium into which the sample can be moculated cither for culture and mICroscope cumi-
nation or for use as a transport medium when the sample is submitted for PCR. (TnPouch®
TF, Biomed Diagnostics. Inc., White City. OR, www biomeddiagnosticscom/).

Bovine Preputial S ple Collecti

Attach a dry 21-in_infusion pipette 1o 8 20-cc syringe and insert into the prepuce of

the bull, The tip of the pipette is scraped back and forth across the epithelium while

suction is applied

Examine the collected sample mucroscopically immediately if desired and then
late into Ringer's solution (or the commercial InPouch®) and refrigersie for

transport to the laboratory for cultere

Samples not placed directly into nutritive msedium should not be held for more than

48 hours in Ringer’s or other balanced salt solution

Helminth Parasites of the Integumentary System

Several filanal nematode parasites produce microfilariac that arc found in the subouts.
neous tissue. These larvace can be detocted in fresh skin biopsies or on examinsuion of
fixed and stained biopsy tissuc sections. For recovery of mucrofilariac from frosh blop-
sies, the blouv is macerated and allowed 1o incubate in saline for several hours at room

bation, the saline 1s examined microscopically for the pres-
ence of rmcmﬁl‘nac Free-living nematodes that occasionally invade the skin may also
be seen in fresh or fixed and stained skin biopsics.
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PARASITE DETECTION IN URINARY AND OTHER SYSTEMS
Parasite Detection in Urinary and Other Systems
Urinary System Parasites

Dioctophyme renale (Fig. 2.1)
Common name: Giant kidney worm.
Nematode (order Enoplida)
North America and Europe,

Kidney and occasionally peritoneal cavity of dogs, mink, and other
domestic and wild animals.

Adult worms in the kidney produce eges that are passed in the urine, The
fust intermediate host is an annelid worm; the second intermediate host is a fish. The
final host becomes infected when it cats a fish containing mfective parasite larvae,

¥

Size: 60-80 x 3946 pm

with a thick, rough shell are detected in the urine,

The spectacular adult worms (females may reach 100 cm in length)
enter the renal pelvis and eventually destroy the Kidney, leaving only the capsule
Typieally, only one kidney (usually the right) is affected. Most infections are asympto-
mutic, despite the loss of a kidoey, although bhematuria and dysuria may occur,
Dioctophyme renale 1s a rare finding in dogs in North America.

Diociophysee eges ars Lages thaa those of Pearsonema and have & thicker eggshelf with a rougher

swrface




Vihiii Pearsonema (= Capillaria) plica, P. feliscati (Figs. 2.2 and 2.3) s

{4oo . Nematode (order Enoplida). These parasites were previously included in-
the genus Capellaria. :

hic Distc Worldwide.
Adult worms in the bladder of dogs and foxes (P, plica) and cats

(P feliscati),
Lile vl Parasite eggs passed in the urine become infective in the environmenl.
Almoughthehfecydc isnot known with certainty, the final host is probably infected by

diste host ora port host, such as a bird.
Laporators Vi Typical capillarid cges are detected in urine sdiment.
Cy is is preferred for collecting urine samples since fecal material containing

similar eggs of other capillarid specics may contaminate voided urine samples.
Size: 51-65 x 24-32 ym

Cliwieat Many infections are asymplomatic, although infocted animals .
may develop cystitis

Virnic Srephanmrus demtatus (Fig 2 4)
Common name: Kidncy worm
+: Nematode (order Strongyhda)
Tropical and subtropecal regions.

S . Adults are found in the wall of the urcters and the pelvis of the kid-
ncyu\vdluulhcpmwonlfalo(n-m

I U rele. Parasite cggs leave the host via the wrine. First-stage larvae hatch from the
Csss and develop 10 the infective third stage. The pig final host is infected by mgestion
of infective larvac or an earthworm Lransport bost or by skin penctration by infective.
larvae. Onee in the host, larvae migrate through the fiver befors moving to the perironal
umwhﬂtdc\dopmeansnxnpklal
Diagnosis is made by detection of eggs from urine sedimenta-
imlteusorfmchmlsggns Discase may he present belore the infection is patent
Pprep period s 4-6 h
Size: 90-114 x 5365 ym
it Damage associated with larval migration through the tiver is an
ﬂwﬂmmpomntddmemusedb,thepumsm hpma\mwm&mw“
or weight loss and general loss of conditi s 15 unlikely 1o oosur
in modern swine confinement systems.
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PARASITE DETECTION IN URINARY AND OTHER SYSTEMS

{ e a il =

20 pm

Poarsoncana feliscan cgg w unng sedimeont. Methylene blus stain is ofica added (o these prepara-
Bons, which will stain the eggs purple Like other capsllarids, P fedivcoss cggs are clongated and bipolar
Magged

10t mucrvscope s tocusad o the shell wall of the Pearsosensa egg. 4 thick globular patter of
ndges can be seen

Stephanurus dentaies adults produce typical strongylid eggs that can be seea in uaiae. However,
disease ay develop before the infection becomes patent. Photo courtesy of Dr. T Boaner Stewart, School
of Vetennary Medicine. Lovisiana State University, Baton Rouge. LA.
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- Trichosomoides crassicauda (Figs. 2.5 and 1.207)
lavouems: Nematode (order Enoplida).
i Worldwide
Adult female worms are found in the wall of the bladder of wild and

hbommy ra.lx Male worms exist as hyperparasites in the reproductive tract of the
females.

{80 C1clc Eges leave the host in the urine Infection occurs when eges are ingested by
the host.

i Infection is often d d by i fication of adults in the
hladder or llunl'lg histologic examination of bladder sections, but diagnosis may also be
made by finding eges in the urine. Trichosomoudes eggs are brown with bipolar plogs.
Size: 60-70 x 30-35 pm

cal Fan Infection is typically subclinical but is undesirable ia lsborastony

Tats.
R " e D-
ol ¥ F

Tritrichomonas foerus (Fig. 2.6)

Protozoa {Nageliate)
Worldwide, but uncommon where artificial inseminstion &

widely practiced.
Laeaton Preputial cavity of balls, uterus and vagina of cows.
LH0 Chvele Organisms are d during breeding. The troph in the repro~
dumveumxsthe only form of the organism.

Organisms are detected in vaginal or wicrine discharges of in
P"‘P““l' ’ﬂ'q)lnss The prepuce is the site most frequently sampled ()rllll‘ﬂ&
present in small numbers, and culture is dod using [ d's or the
commercial InPouch® system available in North America. Tritrichomongs is casily ree-
ognized by its undulating membrane and three anterior flagella. A polymerase chain
reaction (PCR) test is also used and may be required befose movement of bulls into
some USS. states.

Size: 10-25 x 3-15 pm

The presence of T foetus in a cattle herd produces chroaic st
uonandmfmﬂxlyandmnhneamous impact on f




The eggs of Trickasumosdes have bipolar plugs and arc embryonated when passed in the urine.
Photo courtesy of Dr Manigandan Lejeune, Auvimal Health Disgnostic Center, Cornell University,
lihaca, NY.

ey e o

Pritvechoomnas foctus organoms from culture. The .
«an be seea i several of the orgamsms. o calture, living organisms move in & jerky motion, and the
mesbrane can b seca with the 40 objective. Photo coustesy of Dr. Alvin Gajadhar,

|

Anmal Parasstology, CFIA, Saskatoon, Saskatchewan, Canada.




VETERINARY CLINICAL PARASITOLOGY
Parasites of Other Systems (Excluding Arthropods)

Onchocerca spp., Stephanofilaria spp. (Figs 2.7 and 2.8)

trerosa are found worldwide.
Other species have more | 1 Africa but also in the Middie

East and Asia. 57

species are bovin

plenic ligament
and O an
the subcutaneous tssue

ton for mucr i
Examination of ussuc n causcd by S 1 \ cveal both adult
and microfilariae

Size:  Onchoce microfilariac app v 2001 300 i in fongt!

£ENIC para

i horses, and s¢
must be tnmmed
caused by Sreph
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Onchocerca lupi (Fig. 2.9)
Nematodes (order Spirurida).
Gengs X vi Europe, North America.

0 1l Adults usualI) occur m small subconjunctival nodules or cysts in 4
ulhcr ussm dmund the eye in dogs and, more rarely, cats.

C0 A black fly (Fam. Simulidac) ingests microfilariae during a blood meal.
Larvu: develop to the infective third larval stage in the fly and are deposited on another
host dunng feeding.

Disgnosis is made by detection of nodules around the eye or ‘
Skm blopsy of affected aress and examination for microfilarise following saline incaba- |
tion or histopathologic examination.

Size: microfilariae 110-120 x 5-7 pm

i Onchocercs bupi may cause a vanicly of signs assoctatod with i
loauon including exophthalmos, periorbital swelling and discharge. Homan cases
have also been reported.

Dracunculas insignis (Fig. 2.10)
Nematode (order Spirunida).
North America. Infection with the important human pan-
site, Dmmmhumm has recently been describad in dogs and cats in Afnica.

t Adults occur in the subcutancous tissue, usually on the limbs, of mac
comuandmhawudnmmhbogs.rc socassonally infected. Infoction in cats is .

¢ L1 The female worm causes an ulcer on the skin of a limb. When the limb &
vlacedmwm the female extrudes a portion of the ulerus. which ruptures, relessing
first-stage larvae into the water. Larvae are ingested by 2 copepod, Cyelops, which scts
as the intermediate host. The definitive host becomes infected by drinking waler con-
taining the infected intermediate host

Diagnosis is usually made by cxamination of the skin lesion and

moﬁl of the worm.
Size: First-stage larva $96-857 ym

e P Lz Dracuncudus can cause a chronic ulcer thut may develop secondary
bacterial infection.




30 um

Microfilaniac of Ouchocerva hgpi from the wteres of an adult worm, They are present in skin
biopsies of infected animals and are the smatiest mucrofilanas found 1 dogs. Photo courtesy of Dr. Gui
Verocai, Colloge of Vetennary Medicine & Biomedical Saicnces, Texas A&M University, College.
Station, TX

Finst-atage larvae of Dvacanculies instguis. istineti their

be teased frowm the uterus of @ n.mmrm.hwumumm
nlection
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Onchocerca lupi (Fig 2.9)
. Nematodes (order Spirurida).
istrbution: Europe, North America.

~+t+ Adults usually cocur in small subconjunctival nodules or cysts m
oll\cr tissues armmd the eye in dogs and. more rarely, cats.

- A black fly (Fam. Simulidae) ingests microfilariae during a blood meal.

an: developlo the infective third larval stage in the fly and are deposited on another
host during feeding.

Laburatory Dugnomnsmadehy detection of nndulanmudﬂuﬂﬂ
skin npayoflﬂ'mahmsmd for microfilariac following saline incuba-
tion or histopathologic examunation
Size: microfilariae 110-120 % 5-7 pm
Onchocerca bups may cause a varicty of signs associated with its
fudi hthal periorbital iling and disch Human cases

location, 1
have also been reported.

Dracuncalus insignis (Fig. 2.10)
T Nematode (order Spirunda)

North America. Infection with the important luman pars-
ma Dmmm has recently been described in dogs and cats in Afica.

| Lo Adults oocur ia the suboulaneous tissue, usually m*kﬂhdn
mmmdmbaunmhbogue fly infected. I 1 CALs s rar

P4 Cvol The female worm causes an wlcer on the skin of a limb. When the kmbis
placed in water; the female extrudes a portion of the wierus which ruptures, rekasing
ﬁmmgchmmmxbew Larvae are ingested by a copepod, Cyolaps, which acts
as the & diate host. The defi host becomes snfected by drinking waler cos:
wglhmfoﬁodm\enmdnuhoﬂ

Diagnosis is usually made by examination of the skin losion and
moml of thc worm.

Size: First-stage larva 596-857 um
Dracuncudus can cause 4 chronic uloer that may develop socondary

‘bacterial infostion.




Microfilariac of M«muwlmuw-du-&mu.
u_aumuwmmmmmu
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Ui Pelodera strongyloides (Figs. 2 11 and 2.12)

i+ Nematode (order Rhabditida).
Gesgraphic Disti Worldwide.
Life Uscle: Pelodera strongyloides is a free-living nenuxmlc that may invade the skin of
animals. Ttis usually seen as a path where are confined to arcas with moist

bedding high in organic materal that will support growth and development of the
nematodes.

Laboratory 1§ Parasite infection can be diagnosed by finding larvae with &
habditife hagus in skin s gs from affected arcas

€ fotead bnporivose Pelodera is an uncommon cause of dermaltitis in a variety of ani-

Vs Thelazia spp. (Fig. 2.13)
Common name: Eye worm
fevononn: Nematode (order Spirursda)
f Workdwide
Location in } Conjunctival sac and lacrunal duct of cattle, borses, dogs.
[t Cvele: Muscid flies act as intermediate hosts and ingest first stage larvac released
by adult worms into the tears. Development to the third larval stage oocurs in the ity
which deposits the infective larvac on the host dunng feoding
Labomtiy 1 ; Laboratory diagnosis is unnocessary since the worms can be
seen during examination of the eyes of the host
Size: Adult worms 1-2 em
Chinlcad < Worms may cause teanng and conjunctivitis, but many chroaic
alumlwptomlm Human cases of infection are occasonally roporied.
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n. Photo courtesy
ty. Stiliwater, OK

s i a dog Larvae are recovered
y Medicine, Oklahoma State
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101 Besnoitia spp. (Figs. 2.14 and 2.15)
Common name: Elephant skin discase (cattle).
Farinoa Protozoa (coccidia).

ke Dhisirityg Besnoitia besnoiti (cattle, goats) is found worldwide but is of
gl'eal.est lmponanne in Afnica. Besnoitia besmetti (horses and donkeys) occurs primarnly
in Africa, southern Europe, and South America but is also found in North America.

Location is § Cysts are seen in the subcutancous tissue and scleral conjunctiva of

Ui Uil The definitive host of this coccidian parasite is the cat. Oocysts are shed in
cat feces and are ingested by the intermediate host (cattle, horses, etc. ). Parasites multiply
in the endothelial cells and finally form large cysts in the subcutancous tissue of inter-
mediate hosts.

Besnoitia spp. often form cysts (“pearls”) in the scleral conjunc:
lWthlanunlybem with the naked cye. Diagnosis can also be made by examiniag
stained sections of skin biopsies for the presence of subcutancous cysts

Ll Many cases are asympiomatic. However, an acute febnle illnes
can dﬂdop, ﬁ!llo!wd by thickening and wrinkling of skin that mukes the hide uasuit:
ableforleuherpmdmlm Affected animals may recover siowly. Although Besmoitia
ocours in North America. its extent is uaknown, and it rarely scoms (0 cause chinial
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s discase is most
wice, Tnc., Redmond, WA

in North America. Photo
of Veterinary Medicine, Michigan






CHAPTER 3

ites

1

Vatious pathogenic and nonpathogenic p and des may be d n

blood samples from domestic animals. Most of these parasites are ingested by arthro-
pod vectors dunng feeding and are present in the blood of their vertebrate hosts as a

normal part of their life cycles.

GF 8LOOD

Although the focus of this book is the morphol diagnosis of

itis impor-
tant 1o recognize that immunologic tests are vndel; \u:d i@ conjunction with or in place
of microscopic examination of blood smears for some blood-borne parasites, and the
use of these tests can be expected to increase in the future. fmmunologic and malecular
tests offer increased sensitivity compared with ol in many cases
and are espectally valuable in some chronic htmoprm infections and in camine
and feline heartworm infection. 1n both cases, many infections are undetectable by rou-
tne mucroseopic tests The commercial tests used most widely are the indirect fluores-
cent antibody (IFA) test, the enzyme-dinked immunosorbent assay (ELISA), and

polymerase chain reaction (PCR). For additional dum:-on of the basis uul use of
mmunodiagnostuce and molecular d

p m inary parasitology, see
Chapter 4

FOR PROTOZOAN

Most by ozoan are lul y ...Miloodudbnd
may cause anemia. A routine thin blood amur is w useful bath for assessing
erythrocyte abnormalities and for & g the p

likely 1o be detected in blood smears duning acute mm Once wnfections become

Vetermary Clonical Parasizology. Ninth Edition. Anne M. Zajac. Gary A. Coaboy, Susas E. Little,
and Mason V. Reichard

© 2021 John Wiley & Sons, Inc. Publisbed 2021 by John Wilsy & Soss, Inc.

Comp website: www wiley
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Technique for mabing 2 blood smcas (A} Brang a spweader shde bacd a1 en angle sl o bowdhes
the drop of Blood; wait uail the drop fhows bescray (B) Dvam che spreador atads sway frem the drop.
maintaming an angic. The hlood wil sprosd @io & s@ouis, tha fim

chronic, immunologic or molecular diagnostic tochmques are usually more SCOMLIVE 35
parasitemias can drop below detectable limits by hight mucroscopy
For microscopic examination of blood smeans for bemoprotozoa, Giensa stain is

most effective, but Wright's stain can also be used i most Gasos Commercial stamn ks
used in many veterinary practices (an examsple s Dip Quick Stsin, Jorgenscn
Laboratories, Loveland, CO, www jorvet coms) will also stain hemoprotozos whea used
as directed, but the stain will be of poorer quality. The following procodure can be used
for Giemsa stau.

2 To prepare a thin blood smear, place a drop of blood on one end of & ICnesope
slide and draw the blood into « thin film as shown in Figure 31

Giemsa Stain
‘"“*‘I*Mt’dm, protecting it from flics and other insocts if it is not to be
Fix in absolute methanol for § minutes and air<dry.

Qiuknnd:»(‘imminl - 20 with distilied water and flood the film {or place
slide in staming jar). Fresh stain should be prepared at least every 2 days.

- Stain for 30 minutes.

W.uhm.iuwyypuywim tap water.
Air-dry; parasite cytoplasm will stain blue, and nuclei will stain magenta.
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Animal
Horse 55
Cattle S8
Sheep 45
Goat 32
Dog 0
Cat b¥ 3
Chicken 7o0x120

Seasrce Measurcmcnts from Weiss sad Wardrop £2010).

The stained blood film can be scanned using the 0% objective of the microscope
with use of the oil immersion lens for greater detail when suspected parasites are found.

The dimensions of blood parasites are best determined by means of an ocular
micrometer (see Chapter 1). A mic: is highly ded for meas-
wrenient of parasites i blood and fecal samples. It a micrometer is not available, the
size of the parasite on a blood film may be approximated by comparison with the
dimensions of host erythrocytes (Table 3.1

Many species of parasitic worms eater the bloodstream of the host to reach certain
organs, where they develop to maturity. These parasites usually stay in the blood only
mugutes or hours; thus, they are seldom seen in blood samples taken for diagnostic pur-
poses. There arce some filanial nematodes, however, whaose larvae (e.g., microfilariac) are
normally found in the peripheral hlood. The microfilanal stage of these parasite species
remains in the circulation until ingestion by the Noodsunhng Inwmodlue hon_
Microfilaria testing is often performed for d of canine h

The following discussion of techniques for microfilaria detection is directed specifically
10 Drotilaria swmites tesung  However, all species of microfilariae in the blood could be
detocted by the same microscopic technigues,

Although the techmigues for microscopic detection of hc-nwotmmkmﬁhnum
preseated below, the ELISA antigen test for d of canine h fe isa
commonly used screening st. Antigen tests are saynfmny more sensitive than microfi-
lana tests because many heartworm infections are amicrofilarenuc (occult infections), The
ahsence of pucrofilanae may be due  low or single-sex worm burdens or immune clearance
of microfilanae. Moreover, some heartworm preventives are microfilaricidal and may ren-
der wfected dogs amicrofilaremic after one or several months of administration.

The Amencan Heartworm Society and the Companion Animal Parasite Council
currently recommend annual testing using an antigen test and a microfilaria test to
idenuly D imwmitis mfection in dogs. Dogs testing positive on an antigen test should
always be tested for microfilariae to determine if. microfilaricidal treatment is necessary.
Aatigen tests currently available in the United States are available in ELISA and immu-
nochromatographic formats. Differences in sensitivity among these tests have been
found expenimentally and are particularly evident when only a few adult worms are
present. False-negative antigen resulis can oceur, especially when i
bave formed, precluding d Pre- nrmemmno:plumtodiwpt
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immune complexes using heat or chemicals prior to performing the antigen test releases
the antigen and allows detection. Because specialized equipment is required, sending &
sample 1o a diagnostic lab Yy is ended when blocked antigen is suspected.
Available tests are considered highly specific although false-positive results have been
reported bath before and after treatment to reveal blocked antigen.

Diagnosis of heartworm infection in cats 1s mare difficult than in dogs. Several of
the antigen tests can be used in cats, but fal & results are because of
immune complex formation as well as the low worm burdens usually found in cats
Similarly, cats are rarely microfilaremic and may develop discase before the adult stage.
detectable by antigen testing, is present. To improve the sensitivity of heartworm detec-
tion in cats, heartworm antibody tests have been developed. These tests can detect infec-
tion earlier than antigen tests but may only indicate exposure (o the parasite rather than
active infection. Care should be taken in interpreting a feline antibody test, and the
results of that test alone should not be used to cstablish a diagnosis of heartworm infec-
tion, In a cat showing clinical signs consistent with heartworm infection, both antigen
and antibody tests should be performed as part of the diagnostic workup

For current recommendations of the Amcrican Heartworm Society aod the
Companion Animal Parasite Council relating to dizgnosis and treatment of heartwors
infection in dogs and cats, consult the websites of the WO organizations: www
heartwormsociety org and www caperet 098

Tests for Canine Heartworm Microfilariae in Blood Samples

The following techniques can be used to detect macrofilanase blood samples. The
canine heartworm, Dirofilaria iwmiris, 15 found throughout the world, In North
America, dogs may also be infected with dcasthockesloncma (= Dipe talonemg) reconds
tum or, rarely, with Dirfilarsa serista, a parasie of wild felids in North and Sosth
America. In parts of Europe, Asia, and Afiuca, Dirofiharia repens sind Acanthocheilonsma
ides parasitize dogs. When & sucrofifand test i used for heartworm diagno-
sis, the microfilariae of other specics must be diffcrentiated from those of 1 imemits.

i ch can be used i dixc 1ing among specaes, but are nol usy-
ally performed in veterinary practices. Measurement of total keagth, wadth, and the shape
of the head can also aid microfilaria identification { Table 1.2) Sizes should be determined
with an eyepioce micrometer (see Chapter | for micrometer calibration procedwrc). The
standard measurements of microfilariac 1 Table 3.2 were determuned with formakin-fixed
specimens; use of other fixatives or lysing solutions may alter the swe of the organisms
Similarly, storage of microfilariac in blood samples for more than 3 days may cause
D, immiris microfilariac to shriok in length 10 the size of A. recondituen

Wet Mount

mwmklkimandnmmpdofdrpn\ndum for microfilanae detection.
Ttis not a very sensitive technique but can be used in conjunction with an adult hertworm
antigen test to deternume if microfilaniac are present or (o evaluate the pattern of movement
of microfi g Lo differ b Dirofilaria and Acanthochoilonwst

H‘“W“‘W({ﬂmicoagumvmous blood onto a clean microscope slide and
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Characteristics of Dirofilaria spp. and other microfilariae found in canine
blood based on formalin-fixed specimens

Darv 1 D Dir e tcanshocheilonema
re dracunculoidey
L ¥ 2953 2 5 2 189-230
Width { 515 5.8 4555 56
Tapered Bl Bl Blunt
S v « v hic—b Sharp and extended
s S «
N S
Fe P "
[ s s Sutx . Pe
W 1 \ N S A Atrica. Europe.
A A N India
Exa he cove ¢ der l¢ agnification (10X) of the microscope. Look
OV e, whic clain motility for as long as 24
Hematocrit Test
Dz fresh v ¢ crohematoonit tube.
Spin for 3 s
Ex < < < v ood, while still in the tube, under
magnific Moving microfilariae will be present in the plasma above
st (F 3

containmg D, inuniis muctofilarias. The

<t {arrow). Closes mUCIOscopic
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The wet mount and microhematocrit technigues may not detect infections with
only small sumbers of microfilariae. Therefore, if @ microfilariae test is used as a screen-
ing procedure for heartworm infection, onc of the following concentration techniques
should be used.

Modified Knott's Test

The modified Knott's technique is the preferred concentration method for the detection
and identification of microfilariae in blood

Draw a sample of blood into a syringe containing anticoagulant such as EDTA or
lieparin. !

Mix I mL of the blood with $ mL of a 2% formalin solution. If not well mixed, the
red cells will not be thoroughly lysed by the bypotonic formalin solution, making
the test much more difficult to read. Microfilanae, but not red cells, will be fixed by
2% formalin. If 10% formalin is used (the concentration used for fixation of ts-
sues), red cells will also be fixed and not fysed g

Centrifuge the mixture at 1200 rpm for 3 minutes (or as for fecal flotation proce
dures) and discard the supernatant

Add one drop of 0. 1% methylene blue (o the sediment, mix well, and uansfer the
entire stained sediment to @ microscope shide using a Pasteur pipeite.

Examine using the 10% microscope objective. Microfilariac will be fixed in a8
extended position with mucler staimed bluc

An alternative proceds same amount of blood is the filter test, which
raps microfilariae on a fmu:luh:ﬂ: :im-,ncd with the mucroscope. This technique can
b performed more quickly than the modified Knott's test. but microfilariac are not
m measured for identification, Materials for performung the filter test were sobd asa
Kit (DIfil-Test®), which is no longer available. Componcnis of the test can be purchased
individually if desired

Filter Test

Mix 1 mL of blood wi Mot tin) in & kym
ttack ith 9 mL lysing selution (2 forma ynnge
Attach the Syringe to a fiker h?\ldn contmning 3 transparent 25 mm filter with &
Pore size and empty the syringe.
m‘:"ﬁ"&wkwn«mdm.nn through the filter to wash awuy romuining small
R syringe with air, reattach to the filter apparatus, and express.
the filter assembly, remove the filter with forceps, and place the filter on a

Addone drop of 0.1, meth blue. lip, and at 10x
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Hepatozoon spp. (Fig. 3.3)
Protozoa (hemogregarine).

Hepatozoon canis occurs worldwide, while the distribution of
Hepatozoon americaman appears to be limited to the southeastern United States.

‘ Gamoults are found in polymorphonuclear leukocytes (H. america-
mont, H. canis) and meronts in skeletal muscle (H. americamen) or various organs (H.

‘{ canis) of dogs, cats, and various wild carivores.
:
Ticks acquire infection during feeding. Dogs become infected by II\ICS"“!
Iul»\\kd ticks. Hepatozoon americanum is v d by Ambl
the Gull Coast tick), and the vector of H. canis is Rhipicephahes sanguineus (the brown
: dak k)
Sausage-shaped Hepatosoon gamonts can be detected in poly-

morphonuclear leukocytes in Wright- or Gelmsa-stamed blood smears. Although this

method of diagnosis readily reveals H. canis, H. americanunt is ruv!y fD\llld on h’m‘d
smears, and & molecular diagnostic test may be M of

this species generally occurs by the detection of meronts in sleleul muscle wa‘““ or
on histopathology after necropsy

Size: Gamonts 8-12 % 3-6 pm

Hepataroon americanum can cause severe discase, with fever,

depression, jomt pain, myositis, periosteal boae proliferation, and chronic wasting.
Hepatazoon canis infections are usually subclinical

with & centrally
Hepatwzoon gamont «a & polymorphonucicocytc. The parasitc is suusage-shaped. nl:;:“""‘
compact aucieus that stauns oaly family i this specimen tarmow). Mqum-wn

m blood films, and muscle biopsies are a more sensitive means
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o Large (e.g., Babesia canis) and small (e.2., B. gibsoni) Babesia spp (Figs. 34
and 3.5) Babesia spp.

‘s Protozoa (piroplasm). Babessa spp are divided nto large (>4 pm) and small
(<3 m). Large species indude B cais vageli, B camis rosst, R cumis cunis, Buabesia sp. (Coco),
and an unnamed British isolate. Small Babesia mnchude B gihsond, B conradae, and B vudpes.

Babesia mostly oocurs in the tropical and subtropical tep'ou
of the world. B. canis vogeli is found worldwide, B canis rossi in Africa, B canis canis i
Europe, and Babesia sp. (Coco) has been reported sporadically in immunocompromised
dogs in various U.S. states. Bubesia gibsoni is widely distributed throughout mest of the
world, B conradae in dogs from California and Oklahoma, and B vulpes wfects a vasi-
ety of wild canids (primarily foxes) snd occasionally domestic dogs in Europe, North
America, and western Asia.

! t Canine red blood colls Babesia spp. have been described in cats but
are not widely distnibuted and do not appear 10 be present in North America

¢ Ticks are definitive hosts for Babesia spp. In North America, dogs soquirs
R canis vogeli from the brown dog tick, Rhipicephalus sangiineus. Other tick vecton
include Dermacentor reticudates in Europe snd Haemsaphysalis leacki i Afnca. A defin-
itive tick vector for B gihsons has not been demonstruted in North Americs and tmns-
mission is thought to oceur primarily or oaly through the transfer of blood contamemated
with piroplasms. Dog fighting increases the nisk of infoction with B gibsont
Piroplasms can be detected i erythrocytes on Winght- or
Gmnsa stained blood smears. Immunologic and molecular diagnostic tests can also be
used and are 4 more seasitive diagnostic technigue in chronic infections. Rabesia oo
vogeli is pear-shaped and usually occurs in pairs, B gibsons is round to oval-shaped.

Size: Large Babesia spp 45 pm
Smal! Babessa spp. 1-3 pm

'3 3 Severity of clinical discase may range from mild 10 hie throsten-
ing. Ancnuia, hemolytic crists, and multi-organ fadure can cocer. North American aad

E“NM strains appear 1o be less pathogenic than those infecting dogs in Africa and
S1A.
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Livthiocyie contarning pear-shaped Beheria cams piroplasms. The parasite is usually found in
Pai, s many s eght piroplass may be found i a wngle red blood cell

-

B
Babesia cuoms (e )13 o smslier organism Uian & camis, The pear shape socn 50 clearly with
s s mach bons istinet with B gshsoms. Phios Virginia-Maryland

v of Dr. Kurt
College of Vetonnary Madwsne Virginia Tech Wlacksbarg, VA
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Cytauxzoon felis (Figs. 3.6 and 3.7)
{in s Protozoa (piroplasm).
Gengraphic Pstb Southern United States.
{ Merozoites cccur in red blood cells, and schizonts occur in histio-
cytcsol‘bobulsamdu(s

€ Transmission occurs through the blood-feeding activities of the tick vectors
Amhhwmm americanim and Desmacentor variabilis have been shown 1o transmit infec-
tions experimentally.
Merozoites are detected in red blood cells (1-4 merozoites!
tmhmcws) in Wright- or Giemsa-stained blood smears. Schizonts are detected &
PCR ¢

mononuclear cells in spleen. lymph nodes, and b TTOW asp
tests are also available.
Size: 1-2pm
Cytanxzoon felis is highly path cin cats. Infecti usually

fnlul cats tht within & few days of the oasct of clinical signs. In the last 20 yeurs, more
cats have been found to survive cytauxzoonosis and treatment should be initiated o

possible. Anemia, depression, high fever, icterus, hopatomegaly. and splenomegaly occwr

Ege

Talath 1 |
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Small Ortaunzvon eTea0nss i itcted erythrocytes larrow ) have a dark nucleus and
1o or Gaemsa-stancd blood smears. Photo couriesy of Dr. Karen F. Snowden,

College of Veterinary Medicine, Texas A&M Unsversity. College Staion, TX.

Mononudear cell contammg & Crvas

som fedus schizont. Photo courtesy of Dr. Ku}
Zummcrmas. Viepnia Manyiand College of Vetennary Modicine, Vieginia Toch, Blacksburg, VA.
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"o Leishmania spp. (Figs. 3 8 and 3.9)
Common name: Visceral and catancous leishmaniasis.

s Protozoa (hemoflagellate). Species include L. donovani, L. tropice, L. mfan-
Ium, L. chagasi, L. braziliensis, L. mexicana.

Geogriphic Distrids Worldwide.

Lacstion in 11 Amastigotes occur in macrophages and cells of the reticulocndothe-
lial system of various organs (skin, spleen, liver, bone marrow, lymph nodes).

Lilet vl Blood-feeding sand flics (Lutzamyia, Phiebotomiis) serve as vector

Eal Diagnosis occurs by & of amastigot 4
mmed smears madn from neadle aspirate biopsics of lymph node, bonem-
spleen or in impression smears of skin lesions. Amastigotes are rarcly seon in stained
periphieral blood smears. Sesologic and polymerase chain reaction (PCR) technigoes s
also used in diagnosis.

Size: 2.5-5.0 X 1.5-20 pm

Chinicat 1 -+ Infection in dogs is ofien subclimcal. However, discase may
develop involving various visceral organs and skin, resulting in cutancous ksioss
‘ﬂhﬂxy pm:maww;mm and asorenia that may cnd in death. Infection with

in foxh mlbtlm(nl%!:s(dlsmrudy“.
"' 1asi uaamou;, ity fatal discase in humans Dogs serve a5 an
important reservoir host of the parasite is some parts of the world




DETECTION OF PARASITES IN THE BLOOD

Fcashenanid s atstipotes woa lymph node impression smear, Photo courtesy of Dr. Karen v
Saowden, College of Veterinary Medicme, Texas A&M Usiversty, College Station, TX.

Leishomania amastigois temme ) & macrophage Trom a canine lymph node. The small round
Kimcioplasl can be soen adjacen 10 Ui avicus @ this amastigote. Photo courtesy of Dr, Bernand Feldman,
Vagnia-Manstand College of Vetermary Medsane, Virgsaia Toch, Blacksburg, VA.
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© . Trypanosoma cruzi (Fig. 3.10)
Common name: Chagas dissase.

axenums: Protozoa (hemoflagellate). Dogs and cats can also be ml‘ecusd with T bru-
cei, T congolense, and T’ evansi, tryp species more iated with
large animals (see below).
Geographic Disuibutin. North and South Amenica.

I oostion oo Trypomastigotes occur in the blood; amastigotes and epimastigotes
oceur in skeletal muscle, reticuloendothelial cclls. and various other tissues of humanss
dogs. cats, and many wildlife mammalian spocies.

Ll Cvo s Triatomids (kissing or assassin buph pa» trypomastigotes in the fmh-
ing blood feeding on the brate definiti Pa enter the d bost
through mucous membrunes or through the lmmnud bite-wound site.

Trypomastigotes are detected on Wright- or Giemsa-stained
hlood smears early in infection. Dizgnosis in chronic or light infections may require
serologic tests, culture, or xenodizgnosis

Size: 16-20 pm
¥ T Vg Infection with T crmoi is highly pathogenic, causing acute and
ehmmc cudw. dmus: Lym-lmknq\.uh\ pale mucous membrancs, kethargy, asoites,
diarrhea, and ncurologic signs may be seen.
In Nonh Amcnu infection is most comumon in the south central Unitod States, partios-
lacly in Texas
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5 um

Stained trypomastigote of vy pamasama o 1a a blood smear from an jafected dog. The
[RST— ¢ 4 C shape 1n blood sswan The dark-staining kinctoplast can casily be seen in this
specumen. Photo courtesy of De Karen ¥ Snowden, Coliege of Veterinary Medicine, Texus

Universty, College Station, TX
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" Dirofilaria immitis (Figs 3 11-3.13)
Common name: Heartworm.

“uiaens Nematode (order Sprrurida).
Gcr . Worldwide. Dirofilaria striata is a rare parasite of dogs in the
somhewun Umwd States.

Lucatiag @ Adult worms are found in the pulmonary arteries and right ventnicle
of dogs, wild canids, and ferrets. Cats are much less likely than dogs to become infected,
and feline infections are rarely patent

Mosquitoes serve as intermediate hosts. acquiring microfilariac and trass-
mmmg infective thind-stage larvae while blood feeding. The prepatent period in dogs is
about 6-9 months.

Bk The most seasitive technique for heartworm diagnosis is detes-
tion of antigen using one of the various commercial antigen Kits for use with serem,
plasma, and/or whole blood. Less seasitive is testing for nucrofilariac in blood samples
using the Knott’s test or a filier test, which is equal in ability 10 detect microfilarie
However, the Knott’s test should be used for specific identification of microfilarise (on
the basis of size and morphology i

Size: 295-325 X §- 7.5 ym

Heartworm infection is highly pathogenic and is an important
mﬁiml hullh issuc in both canize and feline medicne. Chronic heartworm ifection
in dogs can lead to fatal right-sided congostive heart fallure. Caval syndrome aocurs i
some dogs with heavy worm burdens (>100) that, without prompt surgical removal,
leads to a rapidly fatal hemolytic crisis. Heartworm iafection in cats can be subclinical
or result in severe chroaic disease (respiratory of vomiting/gastromtestnall of Quts may
die acutely




Microli of D& m-.u.dn-lnqlhnmm
techaique. Photo coartesy of Dr muu. Nolan, School of Veterimary Medicine, WQ! A
Pesasyhvania, Philadelphia, PA 5

nucler can be scen i this B mmsitis wicrofilania.
Umiversity, Sullwater, OK.



VETERINARY CLINICAL PARASITOLOGY

i - Acanthocheilt (= Dipetale ) i (Figs 314 and 3.15)

{axusiy . Nematode (order Spirurida).

Geopra United States, South Amenica, Africa, southern Europe, Asia
Subcutaneous tissues of dogs and various wild canids.

{ i ©voe Dogs acquire infections from fleas (Crenocephalides, Pulex) and lioe
(Linognathus, Heterodoxus). Arthropods ingest microfilariae in  the blood
(Crenocephalides, Pulex, Linognathus) or skin (Hezerodoxus) of infected canids.

Diagnosis is by detection of mumm:u‘uc as for D inwmitis.
Cmmchumrmauug:nuudunmp\:a, ot in the p of
Acanthocheilonema infection. Microfitariac of A. recondinen have a blunt anterior ead,
and the tails of some individuals may form a small hook or U shape, usually referred to
as 4 “buttonhook.™

Size: 250-288 X 4.5-5.5 um
Infections with A. reconditien are subclinical. The accursie disg

nosis of A. recondien infections in dogs is important in order to prevent ausdiagaoss
of heartworm infection
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" Dirofilaria repens {Figs 315-317)

Tavon Nematode (Spirurida)
vopraphic Various wunmcs in Europe, Asia, and Africa. Introduction
into North America is idered a possibi

Location s H Subcutancous tissues of canids. felids, and various other camivores.

occurs by i duction of infective third-stage larvae through
u:c blle or culicid mosquito intermediate hosts. After a prepatent period of 6-8 moaths.
microfilariac are produced and circulate in the blood of infected hosts.

Labs Biug Microfilanise are detected in circulating blood by the modified
Knott's test or by the use of filter tests. PCR tests have also been used. Whea detected
by the modified Knott's examination, the . repens microfilariac have a relatively blust
anterior end, and the tail may show the buttonhook preservation artifact as ocours with
A. reconditum. The larges D repens microfilaniac may be differentiated from 2 ity
and 4. reconditnen based on size (see Table 3.2). Dirofilaria repens can produce false
positive canine heartworm antigen iesis, both before and ailer treatment to disna
immune complexes.
Size: 268-360 x -8 pm
Infection in dogs and cats is usually subclinical. Infection can

msnll in dcmuum with focal alopecia. pruritus, erythema, and crusting. Human iafec-
ton can also ocour.
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Dirwfilarsa repems miceolilana. This spocics is expanding 15 rangs in Europe, und microfilariae
can be difficult 1o distinguish from those of Ivrafilaraa oesusis

Tho houd of Derafiderss cepens is bant o the
(Fig 312




U~ Babesia spp. of ruminzats (Fig. 318}
Common name: Redwater, Texas cattle fever, tick fever.
fenunom: Protozoa (piroplasm).
Worldwide. particularly in tropical regions.
- Red blood cells of cattle (at least six specics, including B bovis, B
dnwrgrns B bigemina, B major) and sheep and goats (B. motasi, B. ovis).

Kyt A\wvdutmmmgltwksmwm
Bnbe.ua spp. to ruminants. Ticks soquire the parasite dunng feeding.

S In acute infection, blood smears stained with Gicmsa or Wnght's
ihlll can be examined for parasites in red blood cells. In chronie mfcmon. parasitos an
difficult to find i peripheral blood, and therefi body tests, including IFA and
ELISA tests, are used for diagnosis. Bubesia typically appears as pairs of w.
red blood cells, although erythrocytes may also contain single organisms.

Size: 1.5-4.5 % 0.4-20 pm, depending on specics (B bigeming: 4.5 X 2.5 pox)
B bovis: 24 x |5 pm)

In susceptible animals, infoction can lead o the development of
anemia, hemog!ohm and fever, with death often oocurning during the acute phake
of infection. Unlike many § d young Is arc loss likely 1o develop
disease than adults. Bovine babesiosis has been eradicated from the United States

Babesia caballi, Theilevia (Babevia) equi (Figs. 3.19 and 3.20)
Lnxon Protozoa (piroplasm). Theideraa equd was previously named Bobesis e,

Equine piroplasmosis is endemic in Central and South
AmAfm southern Europe, and parts of Asia

tus Equine er)'(hn.\ryln Infection s acquired from ticks in the goaen
halus, Hyal and Dermacentor

Similar to ruminant Babesia spp.

wose Blood smears are examined in acute infection. Chionic carnon
mwﬂ&dmshwwmmu.u\epmpmm blood. ELISA and IFA tests ure used for
detecting antibody 1o parasites in chromc infection.

Size: T, equi 2 pm
B caballi 25.4ym

Equinc piroplasmosis can cause anemia, hemoglobinuria, and
edem Mmrﬂhﬂhmyamemomuonmmm




Bahesia bigemmma can be soen i this boviac blood smear. The wardrop-shaped organisms are
present i paies i several envthiooy tes Babers iroummsen:, 2 cause of posceae habesiosis in parts of Europe
and Afiwa, has a similar mophology: Photo courtesy of D Alvia Gajadhat, Centre for Animal
P logy. CFIA, Saskat Saskatchewan, Casada.

-
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@
Composite photo showing Thewleria egui . Composite photo of Babesia cabalii. The.
i cquine red blood celis. The defi 3 definiu X i the ) form, m

18 the joined pase fors
tetrad form is seon e Lop right. Also shown in contrast to the tetrad form of Theileria

form. .
the photo are the soall rings (@row) that are most  (Fig. 3.18). Also Shown are other forms of the
commonty scen in low parasienma (carner state). ism. The difterent |

Phote courtesy of Dr Patricia Holman, College of
Saences

e k.
Veserinary Medicine and Biomedical B cabalii from T eque in the abscnce of paired
Texas A&M University, Coliege Station, TX. piedforms i the former and tetrads ia the latter.




Ui Theileria spp. (Figs. 3.21 and 3.22)

Common name: East Coast fever, cornidor disease, African Coast fever, ori-
ental theileriosis.

(FYET Protozoa (piroplasm).
Geogea Theilerss parva in East Central and South Africa and T amme

Inln in Noﬂ.h Afnu and southern Europe. Theileria orientalis has been deseribed world-
wide and has recently been detected in the United States.
Bovine erythrocytes and lymph nodes.

g Rhipicephalus (T parva), Hywh (T Jata). and Ha hysalis (T
ommalu) ud:s are infected whea they mgax host red blood cells. Following dnd’
ment in the tick, s;’omzou:s are passed to cattle during feeding and enter iymphocyies
where schi occurs, ites that infect red blood cells

L Schizonts can be scen in sncars of lymph node biopsics and, 2
th:cnco( T annsdata and T, oriensalis, mfected red blood cells may be seen in  hood
smear. Theileria parva is unlikely to be present in blood smears excepl in advanced cases.
TFA and ELISA tests are availsble, but may not detect acute infection and are of grester
use in assessing host response in recovered snimals PCR can also be performed oo
blood samples, but may be ncgative i chronic infections.

Size: Piroplasms in red blood cells 1520x05-10pm
Schizonts i hymphocytes approximately & pm

¢ " In African theileriosis, susceptible animals develop fever, hm-
phdeuopalh;. depression, and nasal discharge, there is hugh motuluv m m
and

animals. Chronic discase signs are vanable, chuding dian?
Theileria orienvalis is less pathogenic, but has been associated with anemis nd mortal

1ty in Australia and New Zealand

Vit Trypamosoma spp. (Figs 3.23-3.2%)

Common name: Nagana, sleoping sickness. surra, douring

v Protozoa (flageliate).

i ths Clinically important livestock species, mncluding T' conge

klm T brurel brucei, T simiae, T vivax. and T’ evansi, are all found tn Africa.
Trypanosoma evansi and T vivax are also found in South Amenca and parts of
Asia. Trypanosoma theileri (cattle only) and T melophagium (sheep only) ocour
worldwide. Another specics, T, equiperdum (horses), is found in tropical and sob-
tropical regions.
“lu Bloodstream of ruminants, horses, swine, and other domestic am-
mlk. Whﬂvxmnsobefonnd in other tissues. including the heart and
central nervous system and T equiperdurn is found in the urethra of stallions and vagina
of mares.
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v ':‘L.’

.
Theidersa puarva malunuclestod schizont in a lymphocyte. The species of Thelferia are difficult fo

difforvatiate morphologically Photo courtesy of D Androw Peregrine, Outano Veterinary College,
aversity of Guelph, Guelph, Ontano, Canada

4 18 a bovine Blood smear (arvees). Photo courtesy of Dr. Katie Bocs,
Virgaua Manytand Collge of Vetennary Modicsns. Virginia Toch, Blacksburg, VA,

Afica. |

b brucei and T detise are found i --_;h ) {(K). Photo
brucer bas @ prosuncni usdulating membranc (U) and a kinctoplast lovated sut Ontano,
courtesy of Dr. Andrew Percgrine, Ontario Veterinary Gollege, University of Gusiph. Guelp,

Canada,

£
|
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"memamn (continued)

»ote: Trypanosomes are transmitted to the host by biting flies. The vector of
7‘ cangoleruy, T vivax, T brucei, and T, simiae is the tsetse fly (Glossing) in Afnice. In
other areas, tabanid and other biting flies transmit 7 vivex and T evansi. Tabanid flies
also lransmn T. theileri in cattle, while the sheep ked (Melophagus ovinus) vm

T: melophag; plicn to fly ission is 7 og drem, which is
venereally.

L . In acute infection, most trypanosome species can usually be
d:lec(tdmsmuulmnufbloa! Species of typ can be diffe J
basednusuz.prmwmof;rmlhgdlm location and size of the kinsto-
plast, and ch isti dulati b An ELISA antigen test and
DNA pmbtsh.mhcm hvlop:d for J:lcmon of Afnican trypanosomiasis in catte
Tr quip is diagnosed by a compk fixation tost.

Size: T vivax 20-26 pm
T. brucei 12-35um
T congolense 9-18 pm
T evansi 1535 um
T theileri 60-70 prm, may be up to 120 pm
T melophagnem 50-60 pm
T simvise i3I8 ym

cat bnpurin e The principal clinical signs of LYPANOSONIASES ATC ANCIUA AO0M-
pamedbyfmaknu.mdhuofmmn Mortality may be high, espocially if other

disease agents are also present. 77 p equaperdion produces the discase known as
mmhmmhﬁww”‘mm‘ﬂuu«im abortion, nenous
system disease, and Tryy 2 and T theileri are wde-

mehmmmunm occasionally be seen in blood smeans,

SEne Ty ferse has that is on the margn of the trypanesome
Ky I Photo courtesy of Dr. Audrew Percgrine, Ontario
WWMdWWMWtM




Trypanasonss vivax is
found 0 Afnca and other pans of the
world. Tts kinctoplast is at the end of
the onganism {wrrow ), and its
wndulating membrane is not
distnctive. Photo courtesy of Dr.
Andrew Peregrine. Oatano Veterinary
College, University of Guelph
Guelph, Onuario, Canada

Trypamasansa theteri is found
workdwade in cattle, and a smular

parasite. T medsphagisnt. ocours in sheep
Purasites are occasionally seom in blood
swmcars but rarely are of clinica
importance. These species can be
distmgwished (rom the pathogensc
trypanosome specis by thawr barge s
360 pm or more). This blood mmcar from
& calfl demonstrates the wide ure
VRAALON that van 0oour with 7 sheders

[ p———
Important pathogen of horses and camels
- pares of Afvica, Asia. and Lava
Amenca 1 is dullficuit © distmgash

o T drenes muconscopicsliy Photo
woustasy of D Jeffiey 1 Wilhams,
Vansos HaloSource. lac .




Too o Setaria spp. (Fig. 3.29)

faxor Nematode (order Spirunda).
Gewgraphic & Worldwide
Lidntion 0 tioe Adult worms are found primarily in the peritoneal cavity of rumi-
nants and equids.

LIt e Microfilariae in the No«\l are .ngawd by mmqunoes'!‘hedmﬂ
larval stage develops in the mosquito: ssion to the d durin
feeding. &
o ) Detection of sheathed microfilarize in blood smears.

Size: Approximately 200300 pm in length
Clinow) T Setaria has no clinical importance. with the exception of rse

cases of ab ! p ites in the nervous system.
OO0 Pa

Leucocytozoon spp. (Figs 3.30 and 3 31
Hivosaniy Protozoa (hemosporosoa)

Important spocies include L. semondi, which s found world-
mdz n domem. and wild ducks and geese: L smirhi in North American asd Europesa.
domestic and wild turkeys; and L. casallorss in chickens in Asia
Lascation is ¥os: G (microgamonts and macrog } occus m
and erythrocytes

e Black Mies (Simsdins spp. and otber simulids) transmit infoctions to binds
ﬂ"nn; blood feeding

Gamonts are detected in white and red blood ells on Wright- or
G‘W"l-sumed blood smears. Mevonts are detocted in stained lissue soctions.
Size: Gamonts 14-22 pm
= sii Leucocyrosoon is pathogenic in ducks, goese, and turkeys, ospe-
mny"‘ Wbu\k Clinical signs vary somewhat with specics but can include leth-
#1gy, emaciation, and acute or chronic fatalities.
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onally be soen i raminant or cquine blood samples but
3 proectmg beyond the ead of the larva,
O courtesy of Dr Jeffrey F. Williams. Vanson HaloSource,

1 not evident o

mond, WA

Inc., Re

ar
Civihixytes contaseing the sausage-shaped Lescocplosoon gamonts appea
s pushad 1 one side and the cytoplasm exicading beyood the
couriesy of De. David Baker, School of Veterinary Medicing.

ston Rouge, LA

- -

Burds may be wfeeted with more than one spocies of proteos. Both L
Plasmodsun (P) are present n this hawk, Photo courtesy of Dr. David Bakes; School of Ve
Medicine. Louisiana State University, Baton Rouge, LA

cucooytosovs (L) and
fetennary



"~ Haemoproteus spp. (Fig. 332)
{4t Protozoa (hemosporozoa)
Gengraghic Dist + Warldwide (except # meleagridis, which occurs only in North

Locatios @a 1 G and occur in

of pigeons and doves (H colunbae, "H. sacharovi), wild and domestic turkeys (. melea-
gridis), and wild and domestic ducks and geese (. mettionis).

Lk %ABmlsacqmmkaxonsmeoodfoahn;mppohuﬂﬁs*
((.‘ulmnde:) and deer flies ( Chrysops spp ).

Laborators - Gamoats are detectod in red blood cells on Wrright- or Giemss-

stained hloodsm:uxﬂxpnm(s of Haemoproteus may vary in size and contain pis-
ment les. They appear phaologically identical 10 those of Plasmadion spp.

Size: Approximately 7 pm
Clivical 1 Infections arc usually subclinical

Pikioi Plasmodium spp. (Figs 3.31 and 3.33)
Commoa name: Malaria

Laxop Protozoa (hemosporozoa)
$ocation in ¥ Erythrocytes and various other tssues i & wide variety of binds
Uik Csy Mmmxmcmwamfmm
and are d in red blood

celkoanghbotGmnmn:dbkkﬂmnhmmnde

F 1 to those of H. f P

&R-Glmh'l«lum

St Bngoriancc . Most species are nonp - Excep are P carly

ud!mamumamna.rgalfmcnumd fﬁulﬂn&"mmm'm
in turkeys; and P reliczion in pigeons. Birds infocted with these specics may become
anemic, with high fatality rates possible.
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— S
3 -
Gamonts of &

wrspped amuad the
¢ De Robert

< w0 & Swanson's hank The gamonts arc ofies crescont-shaped and
he host erythrocyte. Pigmcnt granules can be seen inside the gamont. Photo
wdkey, College of Vetennary Madine, Kansas State University, Manhattan, KS.

-

The appearance o mutuple siages of :npumuiwmw—mu‘m)h
wlectad enyiheonytes dullereniates Plasmadium infection from H in which only

Tound). n this sarmple from a coviiatoo. severat stages of mcp-rnummumamm
of Dr David Baker, School of Varerinary Modiome. Lovisiana State University, Baton Rouge, LA







CHAPTER 4

Karen F. Snowden

lmmunodisgnostic methods for & range of par, | nfi are wely avail-
able at foe-for-service diagnostic laboratories and as point-of-care tests that can be
conducted in a clinical setting

There are two basic approaches in designing an immunologic test. Antigen detection
tests identiy specific parasite-associated compounds in blood, serum or fecal
suspensions that indicate the presence of the organism in the host. Alternatively,
antibody detection tests show the host mmune response (o a parasite through the
production of specific antibodies. In order 1o have & positive test result, it is assumed
that the host animal is immunologically competent Lo react to the pathogen and lhl_"
sufficient time of expasuie has oceurred for the animal to produce detectable antibodies.

There are a variety of test formats for immunodiagnostic tests, ’I'hgcnzynw-lillw
ummunosorbent ussay (FLISA) is designed with a series of wellsin a plate or tray with
an ond result indicated colonmetrically (F ig. 4.1} The lateral flow immunochromato-
graphic assay ses sunilar principles and reagents in a cassette format, and works by
capillary action with a series of reagents moving along a membrane with the end
result indicated s & colored dot or line on the membrane (Fig. 4.2), Both of these test
formats can be designed as antigen or us antib dy d ion assays, and both test
formats have been developed for use with blood, serum, or feces. Most ELISA tests
are designed for processing sample batches in a diagnostic lab setting. One benefit of
{his fest format is that the intensity of color generated in the reaction is measurable
ving & spectrophotometer and is generally proportional to the antigen/antibody _u“t
is being detected. Therefore the ELISA may be used as a quanttative measure in 2
carefully calibrated test The immunochromatographic tests are designed to give

Veterinary Climical Parasutology. Neath Edition. Anne M. Zajac, Gary A. Conboy. Susan E. Liltle,
and Masoa V. Reichard
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A
Schematic ELISA aatigra dowction procodures. § \» ost serface. polysiymoas well: (B) pursese-
specific capturs antibody (may be mesadkonad o pafpionsi) (C) parasic antiges -u-c-d‘tqﬂ

paticut; (D) detesting reagent passste-spoafic sstibody lahdod with un caryme {E) vessaienng wags
enzyme is preseat. it acts of scbible Sebiriue 10 Produce Golol which can b cveluatod visually o mtasre
ometncally

e 2

Wi.« al'w

regatve 1esl resalt M...--u
mmww\\
colored partice - e |
fpathogen-spachic positive tes! result “
R Smmevoms e § ot

o 2 §.§

‘Schomatic of antigen detoction using an mmauaochrumatographic lutoo flow et

positive/negative results and are not gencrally designed to be guantitative; therofor:
the intensity of the colored dotfline is not necessanly proportional to the amount of”
mugmhmbody detected.
graphic tests and sclected ELISA assays are available as point=
of-care tests that can be performed m a clinical setting on one or several samples in &
relatively rapid time frame. Two of the most widely used parasitologic immunochos
matographic or ELISA tests in ion animal medicine are the hy antige=
test, which detects antigens primarily produced by adult female Dirofilaria immitis anm




IMMUNODIAGNOSTIC AND MOLECULAR DIAGNOSTIC TESTS
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Comparson of comman anubody detection pracedwres: indirect flunrescent antibody (IFA, lefl)
jost and cnzvine-hinked inuminosorbent assay (ELISA richt). A test susface: glass slide (IFA) or polysty-
wae well (ELISAY, B, parasite antigen whole parasite, such as cultured tachyroites.

promastigores
(IFA). ot soluble parasite antigen, which can be a crude bomogeaate. @ punified protoin, or & recombinant
peotein (ELISAY, €, serum of ihe animal patical, which may contaim lic antibodies; D,

ag reagent for host-speaitic antibody: host-speaific antibody M-ﬂaﬂwutmn&hn
m rescetn (1FA) or host-specific antibody labeled with an enryme (ELISAY E,
Light (rom mucroscope causes luorescan (FITC) 10 et

step: speaific UV

l\mmﬂFA).F visuabzing
At 1 avts on soluble substrate 1o produce color. which can be evaluated visually or
measur n\ specLroy Teally

Since these types of assays are convenient, lly i

detected in blood, serum, or plasma, and the focal antigen test for Giandia duodenalis.

and relatively casy o
perform in a climcal setung, it is likely that mm\- poml-ol—un tests for addmum.l
parasites may become commercialiy available in the future.

Another commonly used format is the indirect immunofluorescent assay (TFA),
which 15 an antibody detection test designed for use with serum or plasma (Fig. 4.3).
These tosts are rontinely performed in the diagnostic lab setting because a compound
mucroscope equipped With appropriate barrier filters and a UV light source is needed
10 conduct the test. The test result is typically c‘p«ssed as l “titer” and the 1gG
antibody isotype is usually the lobulin that s d d in the test. The uter
value is the reciprocal of the highest shlulmn of serum/plasma where the test remains
positive. Different test formats (ELISA vs. IFA most commonly) have different
thresholds of antbody detection. Therefore, the positive/negative cutoff’ value for
each standardized assay should be provided by the laboratory performln. lhe test in
order to adequately interpret the ¢ of the antibody titer as posi
or highflow. For example, the cutoff \'uluc for an IFA test might bea 12 10 dilution,
while @ stmular test 1n an ELISA format might have a 1 ; 100 dilution cutoff value as
positive

Other less common mmunodiagnostic test formats include direct or indirect
hemagplutivation (HA or THA), complement-fixation tests (CF) and western blot tests
for antbodies that react (o selected parasites/pathogens. These tests are conducted at
fee-for-service labs since reagents and equipment 1o conduct these assays are not rou-
tinely available in a clinical setung.

1t is important to have an understanding of the life cycle and pathogenicity of &
specific parasite in order to ibody titers in a specific test. A helpful memory
tool is the acronym, “PIE "

- which represents Protected, Infected. or Exposed. For some
NMn; (usually viruses, but parasites in a few cases), having a high antibody titer is

P For if a cat has a significant antibody titer against
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Toxoplasma gondii, that animal is very unlikely to shed oocysts. and it is a low-risk
animal as a pet for an 1 promised or p owner. However, having
antibodies against a parasite is not protective in most cases. With most parasites, having
a positive titer may indicate current infection or previous exposure without carreat
active infection. Having & bl body titer can be of significant diagnostic
value in confirming a parasite infection as the cause of clinical discase. For example, if
a dog has chronic dilated cardiac disease with a titer to Trypanosoma crusi, a probable
diagnosis is Chagas disease Al <ly, having an anubody titer may indicate expo-
sure, but not necessarily an active parasite infoction. An example of this situstion is 2
domestic cat with an antibody titer to Direfikeria immitis. The cat can produce detecta-
ble antibodies to the p after exp 1o tarvae from an infected mosquito bite.
but those parasites do not necessarily develop successfully 1o adult worms causing &
patent infection. In summary; mterpretation of serologic results is diagnostically helpfil
in the context of understanding the role that anubodies play in the host-pathogen
relationship for each parasite.

In a clinical setting, the veterinarian must mterpret the diagnostic test resalts i the
context of the clinical dats availabie for an individual patient or on a group basis for a
herd/flock. The diagnostic accuracy of mmmunodiagnostic tests has tadisonally boes
framed in the context of semsitivity and specificity). Sensitivily is defined a5 the
probability that an animal that has the infection/discase will test positive, and &
test indicates few false negative results in an wnfected populstion (Table 4.1).
is defined as the probability that an asimal that doos not have the discase will have &
negative test result, and a specific test yields few false positive test results ia an infoction-
free population. Typicalfy. 1al potnt-of-care tests will make seasitivity and
specificity data availabic for cach type of test/ks, which provides ovorall information o
the accuracy of the test. However, the use of these torms may have hnuted »
in a clinical setting when dealing with a problematic or confusing test result for an
mdividual patient.

Other terms that may #id m test result inlerpretation are pasitive d megative
predictive values. These values correspond 10 the probabibity that an individual trely &
or is not infected, given a positive or negative Test result (Table 4.1). These values differ
from sensitivity and specificity since predictive values are dependent on the prevaloncs
of nfe d in the popul of intcrest. The positive prodictive values inorease
as the prevalence of mfecti in the tested populaton. Conversely, negative

predictive values increase as the prevaknce of micction docreases in the tested
population.

avbhrord
.‘_"'Mhl(.cc; 3
speciiciy = di b+ &y
posiive predictive value = afa + b)
negasie progicive value = d i (¢ + &)

Source Modified from table 1 Tizmsit ex el 2018




IMMUNODIAGNOSTIC AND MOLECULAR DIAGNOSTIC TESTS

The advent of molecular diagnostic methods has resulted in an expanding selection of
seasitive and specific tests for a range of infectious organisms and genetic diseases.
1 4

Expenimental molecular diagnostic tests for parasitic i are ¥

wn the scientific literature, and an increasing number of specific tests are commercially
available 1o detect parasitic pathogens. Generally, molecular diagnostic tests are able to
detect pathogen DNA at very low concentrations when compared with typical antigen
detection immunodiagnostic tests. The high sensitivity of these molecular tests makes
them especally attractive in cases of low parasite burden.

Molecular diagnostic assays detect DNA (or somelimes RNA) from a specific
parasite/pathogen generally indicating active infection. Assays can be performed with
many types of samples wncluding blood, urine, tissues, feces, and other body fluids as
well as enviconmental samples. Regardless of the sample matrix, the first step in a
protocol is to isolate the nucleic acid for testing. The polymerase chain reaction (PCR)
technique is & widely used molecular technique that amplifies and detects a specific
short piece of target nucleic acid (such as from a parasite) (Fig. 44). Ina W“-"‘""“‘ia"‘d
assay, the test may be considered positive if the appropnately sized DNA amplicon is
visualized by gel electrophoresis. In other cases, in order to confirm the identity of the
parasite/pathogen, the amplified DNA fragment must be further analyzed by nueleic
acd sequencing for comparison with previously determined target gene sequences from
# known pathogen

Currently, the most popular version for molecular d stic testsis the g 2
PCR (QPCR, sometimes called “real-time™ or tPCR), which is # rapid test that is
sensitive and reliable for the detection of molecular targets The technique 1s quantitative

wb torward prmer

= reverse pamar

a9

e —

template doubie- —

stranded DNA denane o

single stranded ———— ]
DNA

R
A

anneal prmers
o template synthesize new
DNA DNA
s il |
first !yde second cycle

Schematic of & comentional PCR assay PCR is & process used 10 selectively amphly & tar
sccion of doublc-stranded DNA in & sequence of repeated ,;';‘ Double-sranded ,""F'“‘g:ﬁ m
beated (o densture to single-stranded DNA, and then cooled 6 that FapRale B DA
can anneal (o their compleinentary targets on the template DNA. By sddimg ANTP ‘and cooling
polymerasc suzyme, new strands of DNA are synthesized. By repeaung the cyeles of heating
the target DNA segment is amplilied in an expoacntial manner.
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probe and primers
3 bnd to template DNA
q____&. as new DNA strand is
§ probe is
2 '
\"_l probe is deaved releasng
- fluarescent reponer mlecule
§ e s b
1 proportion 1o amaunt of DINA
symtheszed
Sumpiiticd diustraion o hﬂaqﬁimyd-ﬂtnl(mn;‘mwnmk‘ﬂmw
uses peimers to amplify & tangetad secoon of mn\im:-umn—m-nnhl‘ o
it also adds a sequence-specific DNA probe with 2 fasresoent reporter molocule and a quenchor malaosk
that bind 1o the single-strandind DNA tomplasic. As the acw mm.’ll)\’\unmh~.
cleaved releasing the fhuarescent seporser kool The 13 c uecmaty

metncally at cach cycle indicanmg Ui amosst of DNA systhoused wuhr.«-—o-d*
mLAnmmm;Nam&nmm.mmm'nm.»m 10 macthod o calied ek
time” PCR or “quastitanve” FCR.

and real-time because the DNA ampisfication product is measarod repeatedly aftercach
cycle of DNA amplification through the detoction and guantification of a fluorescent
reporter molecule (Fig. 4.5) An advantage of the gPCR assay is that it can be por-
formed in a shorter ime period than a comenuonal PCR. Also, the Mﬂh
designed to simultancously detect soveral path by using a ure of

specific primers along with scquence-speailic probes that sre labelod with uorachromes
of various detection wavelengths (Fig 4.6). The accuracy of the test depends on the
quality and quantity of DNA or RNA extracted as well as the preseace/ahsonce of
inhibitors that can negatively impact the assay. A detractor to PCR methodology is that
very small samples of a few microliters of {luid or a few rulligrams of tissue or foces are
processed for this assay, so it is possible that parasite DNA s not incladed in the tested
sample. Thercfore, a positive PCR test result indicates the presence of parusiie DNA,
M!Imlw:mdou nol rulc out possible infection with the target pathogen.

diag test widely used at this time detects the vone
mul of cattle, Tritrich foetus, in preputial swabs or speciatized short-
term in vifro cultures. &mummumhumvmn regulatory issuc in many states
the ion and of molecular and in vitro culture methods has hecomea.

mp_m of interest to mny dngnosm, Iaboraloneg uxd 1o veterinary mﬂ
ammal




IMMUNODIAGNOSTIC AND MOLECULAR DIAGNOSTIC TESTS

Fluorescence inlensity
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Simple schematic of Muorescen
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DINA i3 present i the tost samplc, then an increasing amount of (fuores-
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are offered by 4 number of vommeraal and university-associated diagnostic labora

1S o & Tee-Tor-service basis. These panels may include Ehinfichia $pp., 'L""’Pl"'mw Iy
Trypanosoma cruzi, Leisk ‘ , and i

parasites such as B 5, B gihsoni, (‘m\:mn Jelis, or ”'Nmm"l:::
Similarly, diarrheal disease molecular pancls for a variety of animal hosts that are re: :
wiimes wclude Giardia duodenalis ot C"Plplb‘:‘.vnﬂ;bh
at molecular tests for additional parasites will i tibo-
@ Part of clinically relevant panel screens from Wmf““:hniqw
fatories based on clinical demands and the need to develop better diagnostic are 000
for problematic parasitie pathogens. At this time, molecular diagnostic tests S
ducted in fee-for-service labs or research labs due 10 the axpanse of the pesrssicl 80 B
ment and the technical expertise used in conducting the tests. However, :“ n-specific
n the foresecable future plificd benchtop PCR equi N B pEIONS
reagent Kits will be available for diagnostic use in a clinical setung. ults may oceur for

As with any diagnostic testing, false positive o false DEEAIVRESUCAIN B i
any individual d or lecular di s
likelihood of errors and to ensure 2

Rickettsia spp.,

iy available commercially son
spp. In the tuture, it is likely th
as individual assays or

T
+ ::“. all involved

c results it is imp
personnel are well trained and are itored for i e remember
procedures and/or performing assays. When sending out samples f"' "‘"’(‘?f PR
to: (1) collect samples in appropriate, ) M . L app fate for
submit samples at the correct TS using pack ABINE ith adequate clinical
biological samples, (3) include appropriate submission forms
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hlsxory and patient information, (4) when test results are received, promptly enter
ion into the appropriate medical record. Sinularly, best practices for point-of-
care tests should mt.lud; (1) carefully collect, label, handle, md:wmnmﬂsm

(2) only use nonexpired. properly stored and handled reag and k Ly

3 follow astandard written pto(ocol for collecting ples and perfy g assay
ding to the (4) promptly and dy mml test

rcm!u in appropriate medical mmls
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CHAPTER 5§

Arthropod

The phylum Arthropoda contains many parasitic species, including ticks and mites
(class Arachnida, subclass Acari) and msects (class Insecta). Crustaceans that parasitize
aquatic animals also belong to this phylum (see Chapter 6). Arthropods are character-
ired by jointed appendages in the adult, and sometimes immature, stages as well as the
presence of exoskeletons. This chapter presents a selection of arthropods that are com-
mon or important in domestic animals; we are grateful to Dr. Ellis Greiner, University
of Flonda (retired), who provided the onginal text

Mites and ticks are divided into two parts: the gaathosoma, which bears the mouth-
parts (pedipalps, chelierae), and the idiosoma, where the jointed appendages (legs) and
reproductive structures are found . Upon larval emergence from the egg, mites and ticks
develop through simple metamorphosis to subsequent nymphal and adult stages. Larvae
of ticks and mites have six legs: nymphs and adulis have cight legs. Nymphal ticks and
mites usually closely rescnible the adults but are smaller and lack a genital opening.

Mite Identification

The majority of parasitic mites are microscopic, rarely exceeding 1 mm in length.
Female mites are usually larger than males. All stages are covered by a soft integument.
Respiration may occur directly across the i { or through spir I
openings (stgmata) associated with tracheal ducts; stigmata are often used in identifica-
ton. Scales, spines, or setae (hairs) on the body mdthwsotsmketsmlhckgi(ﬁL 5.1)
are also used in idenufying the or Many (ronnd—bOdlﬂd)
mites resemble one another, but they can be differentiated on the basis of the character-
istics outhined w Table 5.1.

Vetorinary Clinical Parasizology, Nanth Edition. Anse M. Zajac, Gary A, Conboy, Susan E- Little.
and Mason V. Reichard
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DIAGNOSIS OF ARTHROPOD PARASITES

Most common mite infestations are diagnosed by deep or superficial skin scrapings.
For a decp skin scraping, a dulled, rounded scalpel blade (#10) is coated with mineral
oil. The site selected for scraping should be at the periphery of a lesion or the predilee-
tion site of the suspected parasite. The blade should be seraped back and forth over the
skin until capillary bleeding is evident (a shallower scraping can be done for surface-
dwelling mites). For collection of Demodex, the follicle mite, a fold of skin should be
gently compressed between the fingers to express the mites before scraping. The debris
collected on the scalpel blade is then placed on a microscope slide, a coverslip applied,
and the material examined using the 10% microscope objective. Several slides may need
10 be examined before mites are found, especially in cases of Sarcapres infestation.

To recover surface mites, such as Cheyletielia spp.. a superficial scraping that does
not cause bleeding is made with a scalpel blade coated in mineral oil. Alternatively,
scurf can be combed from animals and examined directly, or clear tape can be used to
collect material, The tape is pressed to the hair coat in an affected area and then placed
on & microscope slide, trapping skin debris and mites aganst the slide and allowing
nroscopie exammation

If mites are shipped 10 @ veterinary diagnostic laboratory for identification, they
should be stored in 7090 alcohol. Storing skin scrapings and mites dry may prevent suc-
cessful identification
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Pasaniie: Sarcoptes scabiei (Figs. 5.2-5.5)
Common name: Itch mite or scabies mite.
Laxonomy: Mite (family Sarcoptidac).

Host: Host-specific varieties of Sarcopres scabiei are found on a wide range of hosts
including dogs. pigs. bumans, ruminants, horses, rodents, and camelids. Traditionally,
each mite is referred to according to the host on which it was found (S scabiei var canis,
8. scabiei var suis, 8. scabiei var Aominis, ctc.).

Gengraphic Disteibut Worldwide

Location va Hist. On dogs the margins of the car, lateral clbows, and lateral hocks are
most commonly affected. In pigs. the ears, neck, and back are infested. Over ime, large
portions of the skin can be invelved

Lite Cycle. Transmission of Sarcupies scabiei occurs following direct contact with aa
infested animal or fomites (e g.. clippers). Mites burrow deep into the epidermis, depos-
iting eggs and foces. The lifie cycle from cgg to adult requires approximately 3 weeks o
complete.

Laborstory D To confirm the diag cxamine multple, doop skin scrapiags

from the nlarlms of affected arcas When mites are not detected, pationts may be trestod
presumptively and the diagnosis confirmed upon resolution of pruritus. Fecal cxaming-
tion is also useful in revealing mutes and mite cggs ingested during grooming. In pigs.
S scabiei is found in hyperkeratotic crusts on the margins of the pinnse. On the farm,
this crusted material can be removed and crumbled over dark paper to reveal the tiay,
motile mites. Digesting crusts with 1074 sodium hydroxide may also reveal mites.

Size: Females approximately 400 pm. males approximately 250 pm

Clinical fmport Mange caused by Sarvopies scabici is extremely pronitic snd ofiea
wcompamnl by alopecia, hyperkeratosis, and dermal thickening. In North Amenika,
DOCUr MOSt ¢ ly in dogs and pigs; mites from animals rosdily transfer

1o humans and cause self-limiting pruntus

= Pruniiic mitc infestations may sumulaic intensc groomung by the host, resulting in the presence of
mmmw¢mmm)mm¢m




DIAGNOSIS OF ARTHROPOD PARASITES

i

v round bodied. The thind and fourth pairs of legs (arrons)
nargin of the body Photo courtesy of Dr. Heather Walden,

wda, Gamesville,

mange” in dogs. Lesions commoanly
W G Yhue lateral elbows and hocks of infested
v E Wiltiams, Vanson HaloSource, Inc., Redmond, WA.

as well a3 on

] ckened. and
. 1 an alpaca. In cheonic sarcoptic mange, affected skin is hairless Rt
wrinkled. These nonspeaific changes also occur in other chronic skin discases. Phoio courtesy &

F Williams, Vanson HaloSource, Inc., Redmond, WA.




Pt Notoedres spp. (Fig. 5.6)
Common name: Feline mange mite, Ear mange mite (rodents).
Tanomonn: Mite (family Sarcopudac).

Host: Notoedres cati occurs on cats. Other species occur on bats, rodents, and other
small mammals.

istribution: Worldwide.

Gew:
Lacutioa .
regions of the body.
Life Cyle: Similar to Sercopres seabiei
Labernion Mites are observed in decp skin scrapings.

Size: Notoedres cati approximately 200-225 pm
£ linical mperrance Foline notoedric mange is usually confined to the head and sk
Infestations are rarely seen in North Amenca.

i»

Py Knemidokoptes spp. (Figs. 5.7 and 58)
Common name: Scaly bog or scaly face mite.
Tuxssoms. Mite (family Knemidokoptidac).
Host: Birds, inclading domestic poultry and pet birds.
Goographis Distribetion: Workdwide.
Lovatinn i fosr Nonfeathered portions of the body, including feet, logs, and face

Eife Cycle mwmgwk‘wnm&mmmu'

birds or fomitos, and all stages of the mite src found on the bost
Euborntory Disgaests: Mites can be found e skin scrapings collected Mﬂ»
ery of lesions. Typically, the cxudative Bsons produced by the mites CORLEN MUMCION
small holes, giving them a honcycombed appeatance

Size: Approximately 400 yom
it bmpariane Kmemidokopies specics buzrow under the scales on the legs or o

feathered portions of the face. inducing a scrous exudate that hardens into crusts. These
proliferative lesions eventaally may cause trauma and disfigurement leading to the

death of the host,

¢ The head is usually infestad first, but mites may spread (o other :

PPy Ry ¥

LSal




DIAGNOSIS OF ARTHROPQD PARASITES

B s
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st Trixacarus spp. (Fig. 5.9)
Taxonomy: Mite (family Sarcoptidac).
Host: Guinea pigs ( Trixacarus caviee) and rats (T diversus).
Geographic Disiribosies: Europe and North America.
Lesions begin on the head, neck, and back but can spread to other

Locution on i
areas.

Lile Cycle: Similar to Sarcoples scabici. Mites are readily transferred from the dani to
young animals in the aconatal period

Laboratory Diagmesis: Mites are identified in skin scrapings.
Size: Approximately 200 pm

Clinical laspostance: Trivaaras s the sarcoplic mange mite of guinca pigs Infostation

is associated with prurites, slopecia. and hyperkeratosis and can bocome & wrious prab.
lem in guinea pig colonics. Humans in contact with infested guinea pigs may develop
transient lesions.

Pugasitt . Chorioptes bovis (Figs 510 and S.11)

Common name: Foot mange, log mange, ichy hoel
faxoncary: Mite (fanuly Psovoptidach
Hosi: Varieties of €, bovis are found on ruminants. horses. and rabbits.
Greogrspliis Dineribunecs: Workdwide.

Tocstion ox Hest: Chorioptes are found primandy on the lower body of the host. Ia
lmrmdumtummmamuw-uhlwhrmnqthu-
legs, base of the tail, and back of the udder arc most often affocted.

Vi Cyede: Transmission is by direct contact of fomites. Choriopies nuiles spend their
entire life cycle on the skin surface. The life cycle can be completed in about 3 weeks

Eaburators Distousis: Mites are observed in skin scrapings. Cherlapres has shor,

unsegmented stalks bearing the suckers on the legs (Table 513

Size: Approximatcly 400 ym
Ctiies] baperance Tnfestation may be atic or cause only mild lesions i
some animals. As mite populations i pru(llus. fop and custing my

develop.

N S S Y Ny e I e T T |




OF

Like other sarcoptiform mites, Trixecarss 15 4 sound-bodied mite with short legs. Trivacaris.

T GAUSES MANEC i FUINCS PAgs

—_—
NS pm

Chormpies 0o are moes clongaied, with loager legs than the: sarcoptiform mites. Suckers
s o s, cgiind stalks arnons) o th end of the g Phots courtsy of D ok Nagamort
College of Vetenmary Medicine, Oklahioma State University, Stiftwater, OK.

Female Choriopres mites with eggs present (@rrones). Mite cggs ai¢.
e suen ccained within mmmwuummmﬂ'“
Nagamori. Oklahoma State University, Stillwater, OK.
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P Psoroptes spp. (Figs 5.12 5.15)
Common name: Scab mite (ruminants).
Fasonomy: Mite (family Psoroptidae)

Hust: Psoroptes ovis is the cause of psoroptic mange in rumi P ovis cuniculi (for-
merly referred 1o as P cumicudi) is found on rabbits and ruminants. Psoropfes spp. can
also be found on horses and some wildhife hosts

Geographic Distri Worldwide.

Location va Host. Psoroptes ovis cumicudi is found in the ears of rabbits, sheep, goats.
and horses. Other Psoropies infestations arc often first detected on the dorsum of the
host but may spread to other arcas

Life Cyle Transmission is by diroct contact or fomites. Unlike sarcoptiform mites
Psoroptes spp. do not burrow, and all stages arc found on the skin surfiace. The life cycle
can be completed in as litthe as 10 days. Mites may survive for scveral days off the best

Labe Superficial skin scrapings should be collecied from the pergh-
cryofskm lcwns Alternatively, skin scabs can be broken apart or digestod and the ros-
due examined microscopically. Crusts from the cans can be treated similarly whea
infestations of P ovis cumicudi are suspected. Psoroptic mutes are more oval i shape and
have longer legs than sarcoptiform mites.
Size: Approxumately 750 pm

Climicsl Ty vo. Psorapies is a highly contagious, economically mportant cause of
skin dnnsc in ruminants worldwide Infeststion keads 10 exudative dermatitis and hair
loss. In the United States. the strain of P ovis affecting sheep has boen eradicsiod, and
the bovine strain has diminished in importsnce sisoe the mtroduction of macrocydic
lactone endectocide drugs. Tn severe cases, P ovis cwnicudi lessons on rabbits may extend
beyond the ears to the face, neck. and back

Psoroptic nange or “scab” can be a serious micstation i rusinants. In sheop, mite activity
"wumuux--mmmmmamukm with the resatung loss of the flecce over
fected arcas.




DIAGNOSIS OF ARTHROPOD PARASITES

L g Thocoptis car mange in a rabbst. Photo cosrtesy of . Jeffey F Wiliams, Vaason HaloSource,
. Redmont

maes. This monp
legs by loag, s

Dhagnastic Cen

Proroptes may Nuvmmmwnmm,ﬁhmhtmmﬁ’mww‘
cars Figures .11 and 5.14 show « closer view of the jointed pediclc on some of thefogs of Parepie? 7y 47
courtesy of Dr David Buker, School of Veterinary Medicine, Louisiana State University, Batoa
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VETERINARY CLINICAL PARASITOLOGY
Ortodectes cynotis (Figs. 5 16-5.19)
Common name: Ear mite.

Mite (family Psorop

Dogs. cats, and ferrets

ission occurs by dimect

Mites comp

Kitt ppics are easily t with the dam

of otitis cxterna. Bacions
decomposition of
cerumen. Iafested ani
trauma. Heavy infestations
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4 mutes from & ferret. Ovadectes 1s another

Paoroplifc
ovalshaped body and loag legs They are similas i size and appearasce to Chariapes. In I:awy hrelﬂfl-‘:.fu-

orm mite with an

s comimon o find vopulating mites in car swab propar The short
suckors can be scon in this phota

Chrand femaie of Oradecies cymotis with egg proscat (arrow). Photo courtesy of Dr. Heather

Walden. College of Vetenmary Modecane, University of Florida, Gaisesville, FL.

Male Otodectes cynoris. The pair of distinct circular structures evident on the posterior 680

{arrows) are copulatory suckers. Photo courtesy of Dr. Manigandan Lejeune, Animal
Center, Cornell University, Ithaca, NY.
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VETERINARY CLINICAL PARASITOLOGY

Demodex spp. (Figs. 5 20-523)
Common name: Follicle mite, red mange.
i & Mite (fanily Demodicidae)
Flust: Species of Demadex are host-specific and have been identified from many ani-
mals, including dogs, cats, pigs. borses. cattle, goats, sheep, laboratory animals and
humans.
Worldwide
Scbaceous glands and hair follicles.
Mites are usually transferned from the dam to offspring in the neonatal
P‘nud All stages of the life cycie are found on the host
are required for diagnosis. Compressiag &
skin fold before scraping aids in expre: mutes from follicles and schacoous glands A
high proportion of eges and immature mites on skin scraping is considered indicative of
4 more severe infestation. Demodex mites and &
and identified by focal flotation

Deep skin scrapi

Size: 100-400 pm, depending on spoccs
1s harbor sutes but do not develop clinical dseaie.

X Most an

When the immune system fails
occur leading to folliculitis, fsrusculosss, and sccondary bactenial infection, Descase &

seen most often in dogs and may be localized 2n d seif-limiting or penoralized, severe
and potentially fatal

"

Demadex is most often scen as 2 chincal problem m dogs. Lescns oftew appear finst o the fae
oF farciogs Photo courtesy of Dy, Jeffrey F Walliams, Vanson HaloSource. In., Redmiond, WA.




Lowsiana

d with the lormation of nodular
oo, Redimond, WA, and Dr. C.

p A v gaied appearance and are often described as looking
v 390 g Lges (B) are spendic-shaped (~100 ym). Both
. x 3 from infested animals after self-grooming. Photo
< A Jth Diagnostic Conter. Corncll University, Ithaca, NY

s are pacasitized by Demodes spp. Shown here is Demodex from a gerbil. Hosts
of infestation. Photo courtesy of Dr. David Baker, School of Yetennary Medivine,
< Umiversity. Baton Rouge, LA
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VETERINARY CLINICAL PARASITOLOGY

Puwwnin: Cheyletiella spp. (Figs $.24 and 5.25)
Common name: Walking dandrufl.
Lusoncmy. Mite (family Cheyleticllidac).
Hust: Cheyletiella parasitovorax, C. yasguri, and C. Blakei ave seen on rabbits, dogs, and
cats, respectively.
Geogeaphic Dustsibsrion: Worldwide.
Location on Host: Cheyletiella infestations are usually scen on the back. In cats. the
head is also often affected.
Life €yole: Transmission is by direct contact or fomites. Cheyleticlla can be camied
from one animal to another by fleas (Cromocephalides). Mites can live up to 10 daysin
the environment
L abawatory Disg Cheyleriella s a fur mite and not a skin dweller, 30 oaly superfi-
cial skin scrap are d for di Altcrnatively, if material combed from the
hair is examined against 3 dark background, mites can be scen a5 moving white dets
(“walking dandrufi ™). The distimctive feature of the mite is the large palpal claws
Size: Approximately 400 m

Himportance. Many infested animals do not show clinical signs. Young asisals
mmoﬂ hkd) to show evidence of missteton. including crusting, increased skin sourd,
and pruritus. In heavy wmfestations, hair loss may occur, Owners may develop lesions in
areas of close contact with their animals.

Paky Psorobia (Psoregates) spp. (Fig 5.26)
Uavenowy: Mite (family Cheyletsclidac)
tost: Mice (Psorobia simplexy, velatod spocses (eg. Prsoregates spp) are found oa
ruminants
Geograplic Dstniatos: Psorobsa stmpiex i found on mice worldwide Paoregutes ovis
of sheep is uncommon and occurs in Austrabia, New Zeatand, South Africe, and South
America. Psoregates bos of cattle is also uncommon but has been reported from Afiics,
Australia, Europe, and North Amenca
Location ou Hust Psorobia simplex can be found anywhere on the hody although
lmomoﬂmde\elopm the ears and mite numbers are highest on ihe head and nock.
Lesions of Psoregates ovis develop on the neck and shoulders and then spread to the
flanks and rump. Cattle with Psoregares beos develop lesions on the dorsal head. neck,
shoulders, rump, and back.
{le Cvele: Similar to Sarcapies scabiei. Mites readily move between animals in close
contact.
£ abarators Dissnoss: Mites are identified in skin scrapings.

Size: 100-200 pm; smallcr than Sarcoptes scabiei
i mm:mtcanuwurmmg:nwumalu“

L&
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Cheylesielia 1s & susface mute that can be collocted by beushing t
with sticky tape. In hieavy infestations, mites may be found throughout the | A
Yoko Nagamori, Colicge of Veterinary Medicine, Oklahosa Staic Usiversity, Stillwater,




S Basni: Lynxacars radorskyi (Fig. 527)

: Tassuons: Mite (family Listrophoridac).
Host, Cats; other species infest bobeats snd weasels.
Seopraphic Distribation: Australia, south Umwd&ues&rm ;
{ocation oo Hest: Mites clasp the hairs of cats, primanly on the tail head,
in the perineal area.
Life € sede The entire hife cycle is speat on the host. Infestation is by di

Laborstars Disgaesis Laterally flatiened mites can be scen clinging to ©
are attached to the hairs.

Size: Appmmuydsnun

limicad bp + Heavy festations can affect the entire body
condition of the hair coat. This mite is rarc in North America.

Pussein Leporacaras (= Listrophoras ) gibbes (Figs. 528 and 529)

Common name: Fur mite.
Tayesomyy Mite (family Listropboridac). This mite formerly belonged
Listrophorss.

tost: Rabbits.

Gengraghis Disibution. Worldwide
Location oo Hest: Throughout the fur.
Life Owie ission ts by direct sct. ANl stages of the e eycle
the host.

Faborasury Disgnases: Mmmhmw»bmnnnl“
and can be coll d by g hairs with & fyiny
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~

e of Ve

he hais of a rabbit. The female mites also bear an anienior shicld.

cinary Medicwe. Oklahoma State Universry,




* E Puwisine . Chirodiscoides caviae (Fig. S.30)
: ¢ * Common name: Fur mite.
Tavonsws: Mite (family Listrophoridac).
s Guinea pigs.

G lite Phstrtbat Wonrtdwid,

Location oa Host: Attached to hairs.
1 ife Cyvle: Transmission is by direct contact with an infested individual or

i vl Mites are d d by ining hairs from the host.
Size: Approximately 350-500 pm
Clisiesl lmportance: This mite is aderad 1h h

Punanite: Mycop culinas, Myobia culi, Radfordia spp. (Figs 531
Common name: Fur mite. 3

Tuxpmony: Mites (families Listrophondae and Myobidac)

ot Mice and rats.

Geographis Disirdasioe. Worldwide.

Lacatios oa How: Hair coat.

m{w}r:' ion is by dirct ; all stages of the hife cydle are

Ll Disgmovis. Diagnosis is made by detecting mites on host hain.
Size: mnull;nbu approximately 40

Mycoptes approximately 150

" Climboal hﬁlﬂﬂ&t Some & d

large
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s (rom o guinca pig. The (st 1w pairs of legs are adapted for wrapping around the
noto courtesy of Dr Dhavid Raker, School of Veterinary Medicine, Louisiana State

Charadise
Baur shafts of the host
Usiversity, Baton Rouge. LA

Myyupacs smusadinns from the M umd:mlnmhsmhmhnunfhpnduﬂ
and duvciod bachwand Phioto coutery of Dr Dievid Baker, School of Veicrinary Medicine, Louisiana State

Universty, Raton Rovge, LA

Maaumummmhcmumnnmﬁmwémtm.h
project forward. Radfordia is wn Myobia muscul.
Wahn\audauonﬂrmndmmfhpwﬂely“biﬂmb




Fawosiiis Avian Feather Mites (Figs. 333 and 5.34)
Tavenomy: Mites (numerous families and species).
G hic istrib Worldwid: 3
Location o Heot. Species specialized for differcat feather cavironments.

Life Cyvle: Most mites live oa the feather surface and foed on sceretions
feather debris. Quill mites live in the base of the feathers and feed on |
fluids.

Laliorstisy Dlugusis Diagnosis is made by detection and identification.
feathers. A
Clistical Impartanee ”cﬁfuhawuﬁﬂmwmm
are usually considered of minor clinical importance.
and feather damage develop.




Feather nute from a chicken. Feather mite spocics show great vanation in mpldoun-uﬂ\
ol spevialization for fe wn diffsemt parts of the avian festher cnviromment. Photo conrtesy
Manigandan Lewune, Ammal Healih Diagnostsc Conter, Comnell University, lv.nu. NY

Mogwana, a feather mite from a fch. r.n-nuufuwbuwu d-m
at the base of feathen, Photo coussesy of Dr. Manigandan Lejeune, Animal Health

Cornell University, Ithacs. NY
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P asio: Ornithonyssus sylviarsm, O. bursa (Figs. 535 and 5.36)
Common name: Northern fow mite, tropical fowl mite.
Yusosouy: Mite (order Mesostignusta).
Govgraphic Dastribaton: The northern fowd mite, Q. sylviarsan, is found in temperate
regions worldwide. The tropical fowd mite, @ bursa, 15 found in tropical and subtropical
climates. Both species are found in the United States,
Location en Hiost Mites and ege masses can be found on the skin among the feathers.
Tn poultry, O. sylveanem often concentrates around the veat, causing a dark discolora-
tion of the area
Life € wile: Ornithemyssus syfvianen spends its life on the avian host, whereas 0 buns
spends greater periods of tume off the host. Wild birds can introduce the miles o
poultry facilities. Under sppropriaie conditions, the life cycle of O syévieron can be
completed in & week. 3
Labueatery Diagemss Large, grossly visible miutes are observed on binds or i the
environment.

Size: Approximately 750 jm
Clinfoal Buporiance: Scabbed, matted feathers develop on infested birds In severs
cases, anemua, production loss, and death may accur. Mites can act as vootons of other
avian disease agents, including those causing Newcastle discase and fowd pox. Hemans
in contact with mites may also develop lessons.

Puissin Ormithomyssus bacoti {Figs 5.35 and § 36), other Orméshonyssus spp.
Common name: Tropical rat mite

sy Mite (order Mesostigmata)

Hiest Rodeats, wald binds; ity other is and b

Esarit Woridwade

focution ou Hest: Skin. .: s

Eife Cyede: Adult mites lay eggs in the enviroament. Mites visit the host only to foed,
lheyspendthcmofthennxmlhch.MiMdmgmrru Th:h&cwk_h*
pleted in about 2 weeks. y
Laboraiony Diageoss Large, grossly visible mites are observed on animals or i the
enviroament. .
Size: Approximately 750 pm
Clinical luporiaace hmgemmhumhsu«wmmmm-k“
tation, and death. Humans in contact with i d lab 'y or pet ey deveiop
lesions. Lesions can also develop on pets and people when rodent or bird nests associsted
with human dwellings arc abandoned. leaving mites behind to seek otherhosts.
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264 onder of mites These mites are quite Jarge and
ey sases .. the anus (arrow ) 15 at the aaterior
PR 4 moerphologwcally sanilar mile, is located in the
wrtesy of De. David Baker, School of Vetermary Medicine.

RE o the mosost

of the body L

i< st to duffcrctiate Oritbeny st rom the similar geous Dermsanysni (s
wétse s this Ormizhosyssws roite are shorter than the long, whip-ike
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Punsiie: Dermanyssus gallinge (Fig. $37)
Common name: Red poultry mite.
Tasonoms: Mite (order Mesostigmata).
Hiost: Wild and domestic birds.
Geographic Distribistien. Workdwide.
Lacation ou Hest: Mites car oocur anywhere on the body.

Jife Cyole: Mites visit the host at might osly (0 take blood meals. During the day, the
mites are found in crevices in the eavironment. The life cycle can be completed in 2s itte
as 10 days. Adults can survive in the enviroament for several months without feoding

Laborateey Dissuess. Mite infestation may be diflicult to diagnose because the mites
are not on the host duniag the day. Close examination of the environment may revesl
mites under crusts of manure on perches of in nest boxes. I infestation s suspected @
caged birds, the cage can be covered with a white cloth at night. In the morisg. mites
will be seen as small black or dark red dots clinging 1o the cloth -

Size: Approximately 730 pm )
Clmicsl Lngerisnee: Heavy infestation can cause anemia and desth, partioslardy &

hatchlings. Hens may be reluctant to sit oa thewr nests Other animals and hussans in |
close proximity to infested birds or their nests may also develop lesions.

Poni Prenmonyssoides caninum (Fig. S 3%) |
Common name: Nasal mite. ‘

Payeaonn . Mite (order Mesostigmata).

tiest: Dogs. A similar mite, Prcwmonyssus sovicola, s found in the lungs of rhesus

macaques. |

Geograpbia Dasivibusion. Worldwide.

i Nasal sinuses of dogs.

{ e weie: The life cycle of this mite is poorly understood, hmum‘“
1o be by direct contact since mites are sometimes seon crawhng on the noss,
{ aberaiert & i+ Large mites grossly visible in the nasal sinuses and passages or
crawling outside the nostrils.

Size: Approximately ! mm
Chinical § 1 ions arc usually ic but may prody
rhinitis, SIBUSILS, and malaise. In capuive :te;m mmqm Prcumonyssus simicola can
cause significant respuratory discase.
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L 1 wild birds anus of this mite is present in a
% X Dermanysswr also has long, whip-like
Intte v ¢ genora way be helpful in determining appropriate

< A reliced mite, Prewanonysius sioos 1, s the

\ « Photo courtesy of Dr. Jeffrey F. Williams. Vanson
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VETERINARY CLINICAL PARASITOLOGY
Pussiin o Ophionyssus natricis (Figs 5.39 and 340)
Common name: Snake nute.
Tasonous - Mite (order Mesostigmata).

Geo suibation. Worldwide on captive snakes.

Location on Hes: Mites are found on the skin or under the scales of snakes and may
also infest lizards.

Life Cyele: Ophionyssus mymphs and adults feed and females deposit eges in the coviros-
ment after taking & blood meal. Larvace do not feed. The entire life cyde takes abost
13-19 days. Infestation occurs by direct contact with an infested snake or its eaviroament.

shoratery fiagmeis Identification of lange mites collected from snakes. Females that
lmvc ukm a blood meal are dark colored. A cotton-tipped swab can be dipped i mis-
eral oil and used 10 collect mites for ideatification.

Size: Females 06-1.3 mm

i Wte Ophicuysrus wfestations are commaon in caplive snabes Affoctod
anmuls may show imitation and depression. Shedding may increase, and snakes msy
soak themselves more frequently in water.

Clissival

3
1
]
1
1
p
.
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o
180 pm
v 339 ok N e rasite o captive snakes and may seriously
State \ . - of infestation
4 OK Voke Na £ Veterinary Medicine,

instcad of the

has claws on the tips of the
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v Trombiculid Mites (Figs 541 34%)

Common name: Chigger, harvest mite, scrub itch mite.
Fanonomy: Mites (family Trombiculidae).
F10st Wide variety of animals and humans.

H:(Elllwt‘)
Tucution on Host: Predilection sites include the face, head, and legs.
{i6e Crele: Only the larval stage of chigger mites is parasitic. Eggs are lai
ronment. Larvae attach to a bost and feed for 3- Sd-ysuultham
in the environment. Coatrary to &
mwmmm.nrmmumorm
Laborstory Disgeeass: s-l,oﬂumormimlmammmi
face of the host. The pressace of oaly larval stages is helpiul in di
infestations.

Size: Approxi '3!)—5@“ ding on specics

is iCtive (¢ ., at the waistband of pants or top of socks).
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ch s helplil in identification of the

gers may also cause prusitus and

caf chugger lesions on the leg of a parasitologist. Clig

anumal




VETERINARY CLINICAL PARASITOLOGY
Tick ldentification

Ticks are usually larger th
case of engorged females
Argasidae (soft ticks). The l\\\;\ (hand) t
medicine. Various hard tick specses are vec
zoal, and nematodal a
tick paralysis and tick toxicosis

All ticks pass from the ¢
and utilize ene or more ho
in the emvironment. Ha
hard ticks undergo a ©
from the nymph to the adu!
that usually lasts for s
ing periods are known &
stage ocours on the
and then finds a

i length from 3 to 12 mm, or more in the
10 two families: Ixodidae (hard ticks) and
s arc of greatest importance in veteninary
rs of a number of viral, bactenial, proto-
s. In addition, hard tick species cause

(.Ay.

nymphal stages before becoming adults
iopmental cycle. Eggs are always bad
quired by the host from the environment. AR
u the larval 10 the nymphal stage and 2 sccond moll
at and blood-feeding on the host
remam on the host dunng the two mak-
cs, the maolt to the mvmphal
olts in the cavironment
st tck life cycie, both the larva and aymph loae
it [n some cases, oach tck stage
y vary with the stage of the it
© three-host toks Soft ik
ks Many soft ok specses ive in e
sod blood

prefers the sar
In much of Nor
life cycles are m
environmen

Wk spec

sible on ank
d1 tcks usnally do aot sitach for Joag

thew hosts but are kikely 1o be found
canly groomed, for example the head,
50 the tail of horses. Because ticks

case (o g, Lyme discase, Rocky
plasmosis, et ), they should

s instead of fingors 1o roduce

All stages of ticks are la

may be only a few ol
peniods. Hard ticks
attached in arcas <
neck, and ears of most b
are important vector
Mountain spotted fever, ol
be removed as quickly as po:

the possibility of co conla; g «afoctions organisms, The tek
should be firmly grasped & L chment 1o the skia and thea
pulled off. Often a small porion of skin will also be bod away

Ticks &
Unidentified ticks ar
HaloSource, Inc., Redmond, WA

often found attached on parts of the bod)

al arc difficuit for the host 1o groam
e attached 1o the ear of this dog. Photo cos

riesy of De Jeffrey F Williams, Vasson
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Hard ticks have & hard dorsal shield called the scutum. The scutum is limited to the
anterior, central region of the dorsum in females, whereas in males, the scutum extends over
the entire dorsal region. The mouthparts of hard ticks are evident from the dorsal surface.
The Argasid (soft) ticks have a leathery integument, which often 1s spinose or bumpy: The
mouthparts of adult soft ticks can be seen only from the ventral aspect of the tick.

Identification of adult hard ticks to the level of genus is not difficult in a veterinary
practice. One of the most useful characteristics for identifying the genus of a hard tick
s the shape of the basis capituli and mouthparts. Figure 5.45 shows these characteris-
tics on adult females; a magnifying glass or dissecting microscope is useful for looking
atthe basis capituli. The pigmented markings of the scutum (referred to as “ornamenta-
tion”) are another useful characteristic. Ticks with ornamentation are called “ornate”;
those lacking these markings are “inornate ™ Additionally, in some genera, the posterior
margin of the body bhas a series of ind known as fi (see adult
entor). Features like festoons are much more difficult to appreciate on engorged
wale ticks. Tdeatification is castest with non-engorged females or males. Nymphs, like
adults, have eight legs but lack the genital pore seen in adults. Larvae have six legs
(Fig. $.40), are smaller than nymphs, and may require the assistance of an expert to
wentify beyond gevus. Figure 5.47 shows adult female ticks of the most common spe-
cies in the United States Thev also represent the most common tick genera found

3
I

e e b

ARTHROFDDS

"Boophius

@) P
T

Ixodes
Dermacentor Amblyomma

impostant Ixodid tick geners
Comparison of the basis capituli and moutiparts of mﬁ&mumw
of domestc animals in North America. The scutum of the adult gonus Rhipicepaais. Modified from
of the parasitc. * Boophtius ticks have now bosn incorperated snto the
USDA APHIS Agriculiure Handbook No. 485




VETERINARY CLINICAL PARASITOLOGY

saze. Tack larvae Bave ouly 8
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atos. (A} Amiyomems
tick; (C) Amibusnma macilsrn,
episalis sanguueus. brown dag
be found in the following pages.
OK

ar tok: (B) /.
Gulf Coast uck; (1) Dermacen
uck: (F} Haemaph
Pholos courtesy

americanss

Unaversity, Sullwaie



: DIAGNOSIS OF ARTHROPOD PARASITES 281

PICTORIAL KEY TO GENERA OF ADULT TICKS IN UNITED STATES
: By Harry D Prant

Capeision antenar, scutia psest
ALY INOMOAE ~ HARD TICKS

e

W ety Mg of bedy Seck, masad,
st minte s e

iRt waes 4w Ascued saguent of g sel ecead segmest o pulsh ot
o olactive foel. inge ey wiadly poobiced.
“enl Nbemad o -

N
-

l-w-tmu l-nuu-uuu-ly

> & B

[ — Festmaas prosest [ Fosans vema
u S
[ooascoia]  Lisrecenrsn)
Key W adult tick geners found in Nocth Americs ion of cks with low

should allow identification of features used in this Boophshes ucks have now becn incorporated into the
genus Rispicephahes. Courtesy of US. Pubtic Hahh:/m

hroughout the world. If nneedndwuhxmﬁudnuﬁmdmuwy
should be preserved and submi toad v n 70%-80% alcobol. A
dichotomous key for the genera of adult ticks (Fig. 5.48) can be followed for identifica-
tion of most tick specimens in North America.
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i+ Amblyomma spp. (Figs 5495 54; see also Fig. 5.47) Y
Can - Lone star tick, Guif Coast tick, Cayenne tick, uopnlhuut. : . :
Lasonomy: Tick (family Ixodidac). & :
Hist: A wide variety of domestic and wild animals serve as hosts. f

Geographic Distrioton: Approximately 100 species are found predominantly in | 33
cal and subtropical arcas. Amshlyvnena @eecricanum (lone star tick) and 4 *
(Gulf Coast tick) are common species in the United States. Amblyonma cajennense
(Cayangmk)mdo(huwmakahufound on;unc(yofw:ldlndﬁm*
mals in the United States, Mexico, Ceatral and South America. Amblyomma.

and A. warieganam are mportant species in Africa

Location on Hest: Various, prefer veatral aspoct of many hosts.

{ife Cvehe: Amblyonena spp. are three-hast ticks, meaning ﬂmcadnﬁ.d.. .
cycle must find a new host following a molt in the eavironmienl. Larvae and sysphs
feed on a wide variety of bosts: adults arc often found on mmmuundm
animals and humans.

Labagatery Disgaoss Long mouthparts are an important diagnostic foatars of
Amblyonyna. The scutum is usually omamented.

Cliicad e The: loag, mouthpasts of Ambly make attach m
painful and y infoction, Anahly cameriowmen 18 & vootor of scvoral
HMM(*MW hu-uxﬂuiuh‘rmu Cu-m-uﬁlv.m3
Mamdscarnmhmd"‘ & “Mr
a0 Rick parkery. ok with 4 paawlanen Can Cause pormancal
m(odnmdmlklmnn'ww “\ehnonsunnedhy.tm*
painful. It serves as & vector of R rackerssic and agents of equine puroplamoss. ‘
Tn Afiica, 4. hebravam and A soriegan Exviichia wem, R comer, wnd
Nairovirus. In the Canbbean, 4 also E

Pax
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20d by the presence of the large
mentation oa the

win of the scutum
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niversity, Sullw

. ¥ alier . ; s myroph. Like adults, aymphs
mericansn lack the dramatic
e University, Stllwater.
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bont tiek i an important vector

ften highly ernamented
wera, ke Amblyonuma, have simple




Panverie: Hyalomma spp. (Fig. 5.55)
Common name: Bont-legged tick, camel tick, tortoise

Jsonomy: Tiek (family Ixodidac).

parasite of tortoises.

Goopraphic Distributise: Asia, Europe, North Africa.

{ocarion as Host: Vanious.

Luborators Disgaensis. Ticks of the genus Hyalomuna have
lihmdmbuhcklhmwmmum;m

Clivkent Tmpertence Hyualonowes spocies cause tick toxicosis and
Babesia, Thedleria. and Rickeitsia spp.
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i Afoca, Awa, and Australasia, although
mouthpaits, cyes, and festooas like
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VETERINARY CLINICAL

Pasasie: Ixodes spp. (Figs. 5.56-5.58; sec also Figs. 547, 5.67)
Common name: Black-legged tick, deer tick, European shi
banﬁ&Lhdg&qlﬂ.BﬁMMg!ﬂ.Amnﬁn*
paralysis ticks.

Faxoumy; M(meummwdm cks

more than 200 species. Approximately 35 species of Zxodes are found in

Haose: Many host species, including d imals and b

Geographic Disuibuiion Some of the most important species in

include [ scapularis (black-legged or deer tick) and /. pacificus (!

tick) in North America: I ricamss (shoep or castor bean tck), 1 canisugs
tick), and / hexagonss (hedgehog tick) in Ex 1 rubicundus (South
sis tick); and £ hodocych paralysis tick).

Location oo Hest: Vanious.

Life Cyele: Ixodes specics are three-host ticks.

Jaberntory Disgnesis The most belpiut ch istic for identificati

umuﬂmﬁumﬁmhmwm the body to just

anus. A magnifying glass or &

major causes of tick paralysis m Australia and South Africa.
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*

veh) Todes seapudiaris viewed dorsally, The scutum of
ath logs and scutem arc a dark hrown-black color. Photo courtesy
wrsaty, Sullwater, OK

/

the groove that runs antenior to the anus
nus or absent. Txedes ks also have long
dwater, OK

s A distncuve morphologic detail of the Frodes ticks 15
(s » n other tck era. this groove is cither posterion o the & -
mouthparts. Photos courcsy of Parna Ghosh, Oklahowa State University, St
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VETERINARY CLINICAL PARASITOLOGY

Pusssni: Dermacentor spp. (Figs 5.59-5 62; soc also Fig. $47)
Common name: Amencan dog tick, Rocky Mountain wood tick, winter
tick, tropical horse tick

Tusosemy: Tick (family Ixodidac).

ust: Depending on the species, @ wide vanely of wild and domestic hosts can be used.

2 < Dhistr « Pnmanly Europe, Asia, and North America. Dermacentor
mnalnlu (American dog tck), 2 andersont (Rocky Mountain wood tick), D. albipictus
(winter or elk or horse tick}), and D occadentalis (Pacific Coast tick) are found in North
America and parasitize a vanety of animals Dermacentor (= Anocentor) mijess 2
parasite of equids in Florida, the Caribbean, Central and South America. In Essope.
D. reticulatus is an Important spoces.

Vanous.
Tife Oyl Most Dermuscenter spp. are threc-host ticks that profer small sodests

larval and nymphal stages and larger vertobrates in the adult stage. Deramaoontior aitens’
and D. albipictuy are one-bost ticks.

Dermacentor spp. are usually omamentad with relatively short
muulhparu and a rectangalar bases capatuk

i Dermacemtor spp. tn the United States are the most OMEOR o
tors of Rld\tmu rickettss and can also iransmit Angplasme marginale 10 oattle
Dermacenior { Arocensor} mitems i the vecior of Bobessa caballi and Thetloria oge in the
United States In Europe, D revicadarss is the vector of Babesia spp. to horses and dog
Several species of Dermusentor are known Lo cause tok paralysis.

Dermacentor variabilis. female (f0). male (righs Liks many members of tis gonsss, B2
{the Amccican dog tick) is an ermawmcated bek The sbort mouthparts, ravtsngule shage of the basts
capituli, and presence of estoons are used 0 adentsd ying The gones. Photos countesy of Mogan
Okishoma Staic Univeosity, Stliwaser, OK

F
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st tick most active in winter. Both
widely in North America
ter, Comell University,

ht). Unlike most important

Den g
Hens engo male (eft) and mle (r4
- s that prefers by 45 host bat will attach (o many manupals, (Ui

b nosis i Ce d South America, the Canbbean, Mexico
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Puwssiit Rhipicephalus spp. (Figs 56335 .66; see also Figs 547, 5.67)

Common name: Brown dog tick or kennel tick, brown car tick, red-legged
tick, cattle fever tick, blue tick, tropical cattle tick.

Tavonomy: Tick (family Ixodidac). Important parasites of domestic animals include
R sanguineus (brown dog tick), R appendicudarus (brown car tick), asd R evertsi
(red-legged tick). Ticks previously classified in the genus Boophilis are now included in
Rhipicephalus, including the former B microphis (tropical cattle tick), B anmslotes
(cattle fever tick), and B decodoratis (blue tick)

Hlost: This genus i most important i livestock and dogs.

Rhipicephalus songuineus is found worldwide. Rhipicephais
upprmlnul.nusm R evertsi are found on livestock in Africa. Rhipicephakis (Boophite)
microplus (tropical cattle tack) s found worldwide; R annuatus (cattie fover ick) &
found in the Western Hemisphere and parts of Afnica; R decolovatus (blve tick) i a8
Alffrican tick

Lo k¥ Vanous.

Uvile Rhpicephabes samguinens is a three-host tick that uses a dog bost for oxch
slng: of the life cyde Rhipicephalies appendicudarus is also a three-host tick, whike
R. evertsiis a two-host tck and R msicroplus, R annudatus, and R decolorenss arc oo
host ticks. After hatching from the cgg in the emvironment, ticks locate the host, whese
they remain through the subsoquent mymphal and adult stages. Females leave the host
to lay their eges i the cavironment.

v Rbspacephahas spp hanve a hexagonsily shapod basis cupitull. The
mcmbcn o( the penus that were formendy callod Boophilus have ndged palps.

¢ Rhpicephalus samgumcus transmuts Babesia conis vagell and
Bhrfichia canis 1o dogs. Rhipicephalus specics micsting livestack, including R apees-
diculatus, R everisi, R microplus, and R ammulstus are the primary vectors of bovise
Theileria spp., Babesia spp., Anaplasma spp., and Nairviru to livestock

Engorged fomale Rhipicephalus sanguincus (brown dog (k). This species s not omate Inthe
United Staies, 1 is most common i southern states bul can aiso be a pest in kenocls in other sresssinee.
dogs are used as hosts for every stage of the life cycle. Photo courtesy of Dr. MMFMM
HaloSource, Inc., Redmoad. WA




recd fcmake (right). There are ao markings on the

« Members of this tick genus have @ basis capituli
also Fig. §45)

z). This is & one-host tick of

haius (Boep <) microplus female (fft) and male (rg

roviae babesiosis

nd the vector for
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P Haemaphysalis spp. (Figs. 3.67-5.70: see also Fig. 547)
Common name: Rabbit tick, yellow dog tick, bush tick, longhorned tick.
Taxor Tick (family Ixodidac).

tHost: Haemaphysalis ticks parasitize a wide range of mammals and birds, depending
on the species.

Worldwide. Haomaphysalis leporispalustris (rabbit tick) is
(ound in the Western Hemisphere: H. leachi (yellow dog tick) is found in Afica and
parts of Asia: and H lemgicornis (longhorned tick) is found primarily in Asia but was
identified in the United States in 2017, Several other species parasitize hvestock 8
Europe, Africa, Asia. and Australasia

Various.

Lk Haemaphysaiis spp. are three-host ticks and leave the host afier cach Mood
mnl Larvae and nymphs typacally feed on small mammals and birds, and adult thks
feed on larger mammals Haemaphy salis longicornis females are capable of repeodiac-

tion through parthenogencsis. Introduction with only one or a few fomale ticks sy
result in massive mfestations.

i Ticks of this genus have festoons, and the scoond sopment of the
palps flares out oa the lateral margin

I.u'p: numbers of Haessaphy salis icks contribute 10 poor condi-
tion and “tick worty.” Haemaphy solis pumctata can transmut soveral spocies of Rubeste
and Araplasma o bvestock. Haemaphiysalis leacki 1s a vector of canine habesions.
Ilaenuph_uulu lomgicornis s capable of producing severe clinscal disoase impacting the
health and production of mfestod animals Haomuphy salis lomgomnis is a veotor for
Phichovirus and mfected with vanous spocies of Anaplasma, Babesia, Borrelia, Ekriichia,
and Rickettsia of animals and humans. At the time of this writing, # is unknown if any
exotic pathogens were introduced with 1 lomgicorwis into the United States.

From Ieft to nght. engorged Ixodes, Hacmaphysalis, and Rhipicophalus females. Photo m
dm\liwkharb&unUmml\ Waggs Wagga. NSW. Australia and Ms. Sally Pope, Faculty
of Veterinary Scicnce, University of Sydney. Sydney. NSW. Austratia




ly discovered in North America
! d segment of the palps project
wctangular bass capetuti. Photo courtosy of Megan Lincberry, Oklahoma

< vabbit tck. i 1. und @ North Amenica and can carry the
45 of this tick genus are vectors of Babesia
K i this photo (right) has host skin tissue

e loag, and in most species, the second

vsales ticks are wider than
wally (arraw)
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Pusasity: Otobius megnini (Figs 3.71-5.73)
Common name: Spinose ear tick.

Turonoey: Tick (family Argasidae).

Host: Ruminants and horses primarily, also camelids and small animals.

Geagraphic Distriation: North and South Amernica, Africa, India.

1ocation oe Hast: External ear canal.

Lifo Cyele: Eggs batch in the emvironment. unmecnunhenrdhﬂ
remain for several months until the nymphal stage is There

Chimical lngrtanee: Lange b CAUSE SEVETE i
drum.
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2 This picture demonstrates the
K. Qeobier (lef). does not have the hard enamellike

s H ks wlum of soft tcks is also not always visible from

\ b sk ¢ estic animals in
wed necgnini. the spinose ear tick. The integumeat is stristed with
P " . capetulum extends from a conical antenor projection. They
5 OK @ n Lincberry, Oklahoma State University.

W

obiies megnini nymphs shows the spines that cover the surface. The
A ed from the ventral aspect. The second nymphal
Megan Lincberry, Oklaborma State University,

4
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Panasi Argas spp. (Fig. 5.74)
Common name: Fowl tick.

% T v Tick (family Argasidac). Imp species include Argas

R Argas reflexus.

1io«: Poultry and wild birds.

G hic D Worldwid

Lacation on Haest: Vanous

Life Cyele Argas is 2 soft tick that lives i the eavironment, attacking
feed, usually during the night. Several blood meals arc taken by laryal and
1 aburatery Disgnesis. As their name suggests, soft ticks lack the hand
of hard ticks. The mouthparts of sofl ticks cannot be seen
surface, which also helps to distinguish them from hard ticks. Argas spp. hav
body margin. ¥
Climival Impotiancs Htmryhl\k-sunmuloﬁofpmdwﬁollﬂ“
act as vectors for Barrefas anserine and can cause fowl paralysis. They are!
total-conlinement poultry systems.

Papssiio: Ornithodoros spp. (Fig 575)
Common name: Tampan.

usosoasy: Tick (family Argasidae). Ornithod hata 1 the African
0. hermsi is one of the species found in the United States.
Hos: D ic livestock and Iy

Lioographic Distriburivae Afiica, Asia, North and South Amenca.
Lacatien oa Hei: Varions,




DIAGNOSIS OF ARTHROPOD PARASITES 289

owl ik i @ soft ek The ventral location of the mouthparts is clearly seen in 3
{ togus o granalated. Photo countesy of Dr. Dwight Bowman, College of 1
1 Universsty, lthaca, NY.

& Ovmirhodires 1 coverad with mammillae (small bumps) and there is

The surfase of the s

o destuat mangsa Lo the body




Like ticks and mites, insects also belong to the phylum Arthropoda. Allinsects have bod-
ies composed of three parts: the head, the thorax (which bears the legs), and the abdo-
men. Adult insects have six legs and some have wings. Life cycles of parasitic insects may
be quite simple, in which larval stages are similar in appearance 1o the adults, or very
complex, involving transformation from a worm-like maggot through a pupal stage
the adult. The insects of greatest veterinary importance are the lice, fleas, and flies

Lice (Order Phthiraptera)

Lice are wingless, dorsoventrally flattoned insocts ranging in kength from about 1 oS mem.
They are common extoparasites of mammals and birds. Louse infestations in domestic
animals are most comumoaty observed in the winter and arc referred 10 as “pediculoss”
a term derived from 2 genus of boe important (o humans. Lice are highly
specific and the entire life cycle is compicted on the host; stages only survive off the host
for 2-3 days. Immature lice resemble adults but are smaller. Eggs (nits) are white or pi-
low in color and may be observed attached individually 1o hair shafts and somotions o
the base of feathers oa birds Lice and nits cun usually be socn with the unaded fe
although magaification aids recovery

Lice are traditionally divided mlo two groups based on how they food: snophsns
(sucking lice) and mallophagan (chewing lioc). Both siacking and chewing Boo ane foesd
on mammals, but birds are parasitized only by chewing lice. Sucking lios (anopheras)
feed on blood, move slowly compared 1o chewing Boe, and may be soen with ther hosd
pointed downward, close to the skin surface. or scrually feoding. Sucking Boe ane geser-
ally larger than chewing lice (Fig. 5 76) and are gray to dusky red, dopending on the
quantity of blood ingested (Fig. 5.77). The bead of sucking Boe s asmower thes the
thorax and has elongated protrasible pieroing mouthparts. Chewing lioe
are smaller (Fig. 376, 5.78) and foed on skin scusf and other orpanic material on the
skin. Chewing lice move rapidly and have blunt heads that are wider than the thomx
and mandible-like mouthparts Chewing lice are ofien a vellow color. While species

S
1mm

lice of domestic animals arc wsually smaller than sucking ice. Bavicoks bowir e

Chewug
pnwedh:t with one of the bovine sucking lice, Linognathus. Phote courtesy of Dr. Robort Rudiey,
College of Veterinary Medicine, Kansss Staie University. Mazhatian, KS.
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s calf Note the reddish-heowa color of these blood-feeding lice.
5. Vanson HaloSounce, Inc, Redmond, WA,

Sucking louse infestation
Photo courtesy of D Jeffrey E W

ag loase that can be very dificult to detect on & heavly
ams. Vanson HaloSource, Inc, Redmoad, WA.

106 of bovine skin with lousc eggs (uits) attached to the hairs. “Nits" refers 10 inscct e285
sedd 1o describe the oggs of lice or bot llies on animals. Photo couciesy of
ou HaloSource, Inc., Redmond, WA
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identification of lice is usually not ired in
organism as a chewing or sucking louse may bcbdprmvdmnbmg
Lice or their cges (nits. Fig. Sﬁ)mwmxxmcdfmlmhﬁ
comhorbycxmmnghur(\mhmshmgs.z\magmr\mglmsor !
may be useful if’ lice are very small. Specy may be d to saline, m
oanyerawluumandplwalonamdﬂemthfm:famb s
ing. If shipping to a laboratory, lice should be placed in 70% ethanol,

Paussi: Haematopinas spp. (Fig. 5.80)
Common name: Pig louse. short- nosodaulelammusuilu

tanomons: Insect (Onder Phthi i or sucking lice).

Hlost: Species imp ind - Is include M. suis (pigs). H. asini
H m}wm(shnnwmgmofmﬂchll MW
cattle). Sucking lice are also found on ds (genus Microth

Geographic Distridurics: Worldwide. Ho quadrip is found p
in the tropics and subtropics.

Locution on Host: Haewastopimus spp. are often found on the head, nock,

the host, Haemstoponcs guisdrigeriusus o usually found around the tad.

Life Cvide: Transmission is by direct contact or fomites. Eggs are glued to
the host.

Laboratry Divzaoss Membors of this genus are large, about 4-5 mm in kapth.
the elongated heads typecal of the sucking loe.

< ‘um.\l Spmsiinsece: He

hamummmmwmﬂmn@lm

Pusisos Limognathas spp. (Figs 5 81 and $.82)
Common name: Face louse and foot louse of shoop, long-nosed
Tavomoms: Insoct ( Phth Pl or sucking lice).

tiost: Linognathus pedatis (ovine foot louse), L. oviltus (ovine face louse), L.
nosed cattle louse), L. africanus (bovine African bluc louse), L. setosus (dogs),

Greograplec Disivibaties:  Worldwide.

L wsation o 1l The face and foot lice of sheep are found primarnily in
other species are less restricted in distribution.

i €yl Transmission is by divect contact or fomites.
Labormin s Diaguosis: Detection of lioe and cggs on the host by gross ob

(‘Ihﬁ“ﬂnuur As with other lice, mfested animals show pruritus
can lead to production losses and anemia.
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Ha App have prominent ocalar posats (errew, partially obscured by u!mnu) and legs
of equal size s swis, shown here, & the largest louse M—dmdmnﬂuum Photo
courtesy of Dr Alvia Gajadhar, Centre for Animal F CFIA, Canada.
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Lonogmahas spp bk wo ovalar poinis. Untike Hoomatopbias. the second and thisd pars of legs
arger than the Tt pasr The loase shown hore is L. setasus, the suckiag louse of dogs. Members of this

genus are usually 23 mem i loagth

DT IS

Each sucking louse leg ends in & W:mmnuchdmu L. afrwanus vom 4
goat. Photw courtesy of Dr. Manigandan Lejeune, Animal Health Disgnostic Ceater, Corneli University,
Tthaca, NY



Vs Solenopotes capillatus (Fig. S 83)
Common name: Littie blue cattle louse.

Tavomomy: Insect (Order Phthi 4 or suckig lice).
lost: Cattle.
. Gengraphic Distribetion: 'Worddwidk
Location ou Host: Usually found concentrated on the face, neck, shoulders, |
tail. .
Life Cyele: The entire life cycle is spent on the host with transmission by di
or fomites.
Laboratory Disgpesi: Solenop il ‘umnummw
but Sok has tuberch ying spiracies that project from abdo g
k Clinfest Imperiaec:. Large numbers of lice may cause production loss f
and anemia.

Pusssiin: Pediculus spp. (Fig. 5 84), Prhires pubis (Fig. 5 85)
Common name: Human head louse, body louse, crab louse.
Tosonoas Insects (Order P

Geageaphic Vistribetive: Worldwide.
Location on Hust: Head fice are found on the scalp. whilc body fice five
coarse body hair.
Life Cvide: T ission of all human hioe ik s by diroot oontact
and crab lice ghue their eggs to hast hasr, while body hoe deposi ther eggs i
Laberatory Dizgnosss. Observation of licc and eggs {nits).
thmm Hummubeodyhm«nhncmm

because of close contact with infested humans. Human lice do pot
-oa demestic animals.
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. projecung tubercles carrying speracks on the abd ¥
: wentification of this louse. Photo courtesy of Merial e
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The human crab louse, Prhirus pubis, has a disunctive crab-shaped body. Photo courtesy of
Dr Brian Herma, College of Veternary Medicine. Kansas State University, Manhattan, KS.




Puwasiie . Polyplax spinslosa (Figs. S 86 and $.87)
Common name: Spiny rat louse.
Fasonomy: Insect (Order Phthirap ph or sucking lice)

Host Rats. Other species of Polyplax spp are found on mice and other s
other sucking lice are found on rabbits.

Geographic Disuwibsoos Worldwide.
Loeation e Hest: Predilection sites vanable, depending on species.
Life Cyele: As with other lice, transmission is by direct contact with an
or fomites.

Laborsrars Pagnoss: Detection of eges and lice on hair and
tion of lice.

Cliioal Importons: Large numbers of lice may cause loss of condition ans
anemia. 3

Puuene: Gliricole porcelli (Fig. 5 88)

Common name: Skeader guinea pig louse,
Tavosoesy - Insect (Order Phthirapiers, matlophagan or chewing lico).
Hust. Gliricola poreelli is the most common louse of guinea pigs. Two oth
chewing lice, Gyropus ovalis and Tramenapen jevningsi, are abso found on
Geagraphic Uiiribatios. Workdwide.
Lovation on Hest Gliricola porcelli prefers the fine hair around the back k
whereas Gyrapus onalls is found aroend the head and faoe

L3 Cyode: Transmission is by direct contact. *
J aliorscory Disswosi: Detection and identification of fice and cags. Gy

‘move up to the hair tips as the body temperature declines.
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Ling boe. the head s narrower than the

&5 (“nits”) on the hairs is helpful in

of thiree species of lice infesting guinea
rsily,

\L\n.\m Oklahoma State Unive:

nary

sgamon. Coile
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st Bovicola spp. (Figs. 5.89)

Common name: Chewing louse.
Tuxomonsy: Insect (Order Phthirapters, mallophagan or chewing
Damalinia spp.

Wost: Bovicola boris (cattle), B oris (shecp), B caprae (goats), 2t deesk

€ hic Dk A

Location en flest: Ia general, preferrad sites include the neck, m
lice can be found anywhere on the body.

¥ife Cvele: hhtﬁeudngbw.mumotdxnwlumuu
transmission is by direct contact with an infested animal or fomites.

Labosstery Disgassin: Infested animals should be closcly ohserved
z although Bovicols spp. are only & fow millimeters in length and may be d
2 A fine-toothed comb may be uscful i recovering lice, and hair coat b
be examined with a magnifymg glass.

Chinfes lnaparinnce: These d cause prunitus and d

are assoaated with production losses and secondary infections in hesvy

Passsii Werneckielle equi (Figs 590 and 591)

Common name: Chewing jouse.
Txommy lm (Order Phihirapiere. mallophagan or m
Damalinia equai

Husi: Horses.
Ceographic Dinibutea: Worldwade
Lowstion i Hos: Preferved sites include the head, mane, and base of

i4fe Cyele Transmission is by direct contact with an wfesied horse,
mm-&.umm All stages are found oa horses.
£ b 1ok Lice and d cggs (nits) e usually |
mm»\mmwumu
‘brushings can also be examined with a magnifying glass.
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cad of Burols spp s broader than the thorax. Pictured here is the
rtesy of Dr. Robert Ridies, College of Veterninary Medicine,

i) in the hairs of 2 hone.

purden of chewing lice Photo

a heavy
Redmond, WA

Lesions on the shoulder and neck of & horse wath

courtesy of Dr. Jetficy F, Williams, Vanson HaloSourve. nc,
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Trichodectes canis (Fig. 5.93)

Insect (Order Phthiraptera,

n or chewing lice).

Dogs and other

species of chewing louse, Heteraduxus
1d subtropical areas.

s are the head, neck, and tail, but lice will

stats

be found throughout

Transmission ts by direct coat nites. Louse e

ges arc adhered to host
hairs

tion of lice. Dogs can be infestod with
: sucking louse, Linegnathes

the chewing lice
selosus

us and poor hair conditon

Trichodectes is W the United States and can sot &5 s

intermediate |

Felicola subrostratus (Figs

[nsoct (Order Phuhirepicra, mallophagan or chewing fioe)

Cats

wlude the face, back, and can
ostod cata.

although lice ¢z

Tra

mission s by darect © st or § s Lowse oges are adhered to host
haus

cats may be difficult to
Infestations are rare i pet ¢

[

dults s poor condition

Pruritus is var
ing can lead to trauma, alopecia

cxvonstion from sorsichs

Whits lousc ¢ggs inits)
can be soon aitachod (o the hairs of
thus iifested katien. Photo conrtesy
of Dr. Jeffrey F Williams, Vanson
HaloSource, Inc., Redmond, WA,
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hewing lowse. is notched at the tip. Photo courtesy
University of Flonda, Gaineswille, FL

Egas( { Felicola subrostratus adhered 1o cat hair, Photo courtesy of Dr. Manigandan
Animal Health Diagnostie Ceater, Cornell University, Ithaca, NY.
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P Avian Lice (Figs 5.96-3.100)
]
faxe Insects (Order Phthiraptera, maliophagan or chewing lice).
tost: Lice are common external parasites of birds, and mulu] E
found occupying different niches oa the same host species. A‘Tf ‘WS' rqh 4
phagan of chewing lice. avian lice are mallo-
Gepgraphic Dy Worldwade
Location s Lice can be found on 2il arcas of b < 3
ing specific predilection sites. irds. with differeat specics show-

fifedy Similar to other lice: the eatire life cyde
sion s by direct contact or fomites yele is spent on the host, and transms

{ t Detection of lice and eggs or
fication of lice. 28 on the host with morphologic kst
;3 =

Clissfond | Heavy infestations may cau: 9
. b, ) s¢ &
ished birds often cary large pumbers of hoe P e o eoacion sd'*

Ourgy
Y of 1

; There arc more than 700 spocws of aies i Al of whach an
i lce of binds is whdely variabic. Shown bere s Mesapon pahine the et Moriclagy of the
St loue of chkony

capons, the wing louse of poulty. Cag, .
L R e

Vige, r:'»m
ty
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courtesy of Dr. Mai ndan Lejeunc, Anima

\ R .

- /

x ) the Might feathers of a pigeon. Photo
wrce, Inc. Redmond. WA

louse. Photo couriesy of Dr. Heatbet Walden.

ja. Gainesville, FL

e, the sle
L very

<. University of Fi




Fieas (Order Siphonaptera)

Fleas are laterally compressed, wingless insects. typically medium to dark brown in
color. Unlike many insects, they do not demonstrate clear delincations between body
regions (head, thorax, and sbdomen). The sucking mouthparts are usually scen pro-
truding from the ventral aspect of the hesd. The three pairs of legs originate on the
thorax. The enlarged third pair of legs facilitates the incredible jumping potesatial of
these insects. In veterinary medicine, fleas are most often encountered on dogs and cats;
however, they also hive oa & variety of other amimals, wcluding birds. Fleas are mose
likely than lice to move onto & differeat host spocies if the preferred host is unavaiiable
although they may leave after obtaining a blood meal. The adult flea is the only pars-
sitic stage of the hife cvcle The ege. larva, and pupa are found in the enviroamest.

Fleas can be scen with the unaided cye (Fig 5.101). They arc most casily coliecsed
from the host by using & guack- and then removing individeal floss
from the hair coat or combing out with a flea comb. On birds, flcas muy be
attached to the unfeathered ports of the host and can be removed with forcops. s
should be placed in 7% cthan fixation and storage. They may be cloared i 9%
potassium hydroxide or mounted in Hoyer's solution to allow visualization of repee-
ductive structures used in identfication. The presence of combs on the cheek (gesal
comb) or at the back of the first thoracc scgment (pronotal comb), the shape of the
head, and host prefercace are mportant charactensics used i idoatification
Figure 5.102 is a key for identificatio nmon species in North Amencs In
many cases, a specialist is requined for speafic sdentification. When submitting fleas for
identification, it is best 1o submit a5 many mdnaduals as possible to ensure that both
sexes are represented and that structurcs eed on one individual are stll mist on
another.

of 3¢ O0

Puppy mfested with fleas. Thus severe lovel of 1nlostanion Causes anemus, cspecially in young
animals 2nd smull broods of dogs. Photo courtesy of Ds. Stephen lones. Lukeside Animal Maspyal, Moads
Cocner, SC.
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P Cenocephalides felis felis (Figs. S 103-5.105)
Common name: Cat flea.
Tanonams: Insect (order Siphonap ). Ci
ﬂathnmfsudogsmduuAsmﬂuowmMm
is less common than C felis felis on both dogs and cats in the United
Host: Cats, dogs, ferrets, and sumcrous small and medium-sized
Occasionally, populations may adapt to kiving on confined animals,
calyes in a barn.
Geograplis Distribution: Workdwide. Crenocephalides is the most com
and cats.
Lokution on Tt Fleas can be found throughout the hair coat, but
include the tail head. neck, and flanks.
Ll Cyele: Adult cat fleas sekdom feave the hast. Females deposit eggs
host and hatch in the emvironment. Flea larvac foed on organic deb
feces and pupate in the Adults are
R A son. Und
completed in sbout 2 wecks.
Faberatory Diagsons Cat fleas bave both pronotal and genal comba.
Size: Aduit femule
Aduit male
Larva

(hmudmuum Lwh\uhol‘ﬂunkaan‘nmyh-ily :
uduc-u,u
Muwﬂtymtdumwdmm'-’ e
bers are very low.
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53 common Ciemacyphalides canis
1l combs. Male cat fleas are smaller
ry Medicine, Aubur University,

Hyvon

<. Th of the pupa is sticky and becomes camou-
of D Byron Blagburn, Coflege of Veternary Medicine,

10 their homes and pressat them (o
The two *anal stuts” projecting from the posterior cad
ourtesy of Dr. Byron Riagbun, College of Velennary Medicne,




Sgdua ks

318

Panasiie: Pulex spp. (Fig. 5.106)

Common name: Human flea.
Taxesows: Insect (order Siphonaptera). Puwlex irvitans and P
related species found on dogs and cats i the New World.
Host: Humans, pigs, dogs cats.
Guographic Distribotion: Woridwide.
Focatine os Hest: General distnbation on the host.
Lite Csule: Like € felis fedis, only adults are found on the host; other st
in the environment.
L aboraor Disgmoss: Adult Pudex spp. have no genal or pronotal combs.
lno:uhrhutkhdmlheeyzﬁmak?mmn:amP;mhuhﬂ-
cally distinguishing features and cannot be identifiod 1o spovies morp
Clinical lupertasee: Woddwide, P m.unroundmomou-.
humans or cats and dogs Heavy flea mfestations can produce intonse
pruritus. Pufex vitans is uscommon in North Amnu,mﬁb
from most states in the United States Pudex spp. can serve @s 4 veotor
the bubonic plagus bacilius, and Ricketzsia ryphi, the agent of murine

P Echideophage galfinaces (Fig. S.107), Coratophyllus spp.
Common name: Sticktight fica, European chicken flea.
Tunonons Insects {order Siphonspiers), -
ot Echidwophags pellimacca, the sticktight fles. nhudup-u-i[
occasionally on dogs, cats, and other ansmals Cenaopdndlus spp. are
and domestic birds, especially chickens
Geographic Disisiburion. Worldwide. Echiduophaga 1 found primasily
subtropical regions of the New World
Locution va Hiue: The sticktight fea is usually fmﬂdﬂllﬂm
head, comb, and wattles of poultry.
Life Cyvie T\ehfecydedmkry!bunuﬂnwmk
Echidnophaga attach p ‘wmh«admmhﬂ
om&ewuﬂumhmma:unwmm
Leboraroiy Diageesis. Identification of adult fleas. Female o
tified by their location and attachment. This spocies also lacks
MMM:MWMC«&M,MN:M
Size: Female Echidnoph
Ceratophyllus
Clnical tmgorisace. Sucktight fleas may cause severe irritation by
birds and other hosts. Heavy infestations can produce ancmia. In wild |
mﬁcwmhﬂmmmm Ha\) m.rcnaumai
been associdted with anemia, P
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The human Oea, Pulex srraass, i less common oa people in industrialized countries. It muy
aba be found on companion animals and pegs. The sbscnce of genal and pronotal combs and location of
the ocular bristle bolow the cye are belplil in wdeatification.

we calimaccs. the sicktght flaa, has no combs and 3 sharply angled head. Bevause
b st 6 b8 st often subemitiad as 4 tick for identification.

hu flea &t
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P 4asiir Fleas of Rodents and Rabbits (Figs. 5,108 and 5.109)
Taxonomy: Insects (order Siphonaptera).
Haost: A variety of species parasitize rodents and rabbits, including X

rat flea), an imp vector of bubonic plague. Xenopsylla
readily feed on dogs, cats, b and other s when 1]
unavailable.

Geographic Distribution: Worldwide.

Tocation o Host: General distnibution on the host. Spik dh ¢
Hualndmmhﬁnhﬁemkrmmofum-a,
Echidnophage galiinacea, the sticktight flea of binds (sec below).
Lite € yele: Similar to other fleas. Some species of rodent flea only visit the <
unlike the common cat fles, which s resident on the bost as an adult.
Luboraiory Disgaosds: Rodent and rabbit fless are idenziﬂndhsl
characteristics.

Chinival haportanes Xemopsyily cheapsis and some other rodent fless
caused



Xemopsyila cheopsis, the oneatal rat flea Gmhdmimhmmmhlﬂw.
howeser, the ocular bristle for X, chea s on@nates @ front of the eye. Flcas belonging to pm

tound oo rodents and rabbiis, Photlo courtesy of Dr. Byroa Blagbern. Coliege of Veterinary Medicine,
Aubum Usiversity, Auburn, AL

Codpnr st sompley 3 cablbs fica. Phioto courtesy of Dr. David Baker, School of Veterinacy
Modwaw. Lowssana State Usivorsity, Baton Rougs, LA
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VETERINARY CLINICAL PARASITOLOGY
Flies (Order Diptera)

Flies belong to the order Diptera, and some species feed on animals in the larval or
adult stage. Larval flies parasitizing animals are referred (o as either “bots” (“grubs”
and “warbles” are synonymous terms) or “maggots.”

Bots are obligate parasites that develop in various internal locations in the host:
adults are free-living, non-feeding, bee-like flies. Mature bot larvae are barrel-shaped
and often have rows of spines on the body. The genus of a bot or maggot can be ideati-
fied by examining the pattern of the spiracular plates surrounding the breathmg holes
(spiracles) on the posterior end (Fig. 5.110). Spiracles are best examined by positioning
the bot on a small amount of modeling clay or sand so that the structures can be exam-
ined from the posterior view

Maggots are fly larvae associated with “fly stnke™ or “fly blow.” In most cascs, they
are opportunistic parasites. Adult flies atiracted to wounds or hair stained with feces or
blood lay their eggs on the animal, and larvac feed on debris and necrotic tssee
Maggots are more clongated than bots and are narrower at the antenior thas at the
posterior end. They are usually present on the surface of the body in conjunction wih
wounds or hair soiled with feces, urine, blood, or other organic matenial

Parasitic adult flics are usually blood feeders Hematophagy (blood-feoding) has
evolved multiple times in flics and a diverse amay of diptera feed on blood

Cuteredra sp. Dermaitbes Homw

Oestrus ovis Hypoderma bovis FHyDodenma ineatum

Posterior spiracles of bot {ly larvac. Row | Cuterehru spp. spiraces are euch divided into.
scveral plates. Dermatabia honsinis spirackes arc sunken i g doep cavily, and Gasterophils spp. splracies
are curved 4nd 1n & shallow cavity. Row 2: Spiracles of Oesirus ovis have a central button that is com.
pletely surrounded, whercas Hypoderma spp. spitacies have either a narrow opening (3 boris) or o wider

(M. lincatum). Adapied from Pictorial Keys to Arthropods, Centers for Discase Control and
Prevention, 1969
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§ spuacle plates o the posienor ead of a bot larvae (Cuterebra sp ) Photo courtesy off
D Manigand.

n Lejcunc, Animal Health Diagnostic Center, Corell University, [thaca, NY,

thas Flvpodorma bovis, i distressing Lo potential hosts, which will actively
woto courtesy of D Philip Schoil, Agnicultural Rescarch Service, USDA, and Dr.

Agriculiure Canads
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Pawssiii: Cuterebra spp. (Figs S.113-5115)
Common name: Rodent bot fly.
Tasonoms: Insect (order Diptera).

Hest: Rodmtxmdnhhnmlhcpwmbnamm
also be infected.
G s Pistyibation: Western Henusph

WP

Location en Host: Larvae are found in sub cysts in various |
and cats, they are scen most often on the bead and neck.

L Crole: Adult flies lay cggs around rodeat holes. Larvac crawd onto &

ment, the larva emerges and pupates on the ground.

Kb y Diag (& “‘hn‘!ctlbcpehmmnlvldﬂﬂ“b
the host. Coafi i q son of larval sp plates.
Clhkd!np.xu»e"thmdauormhoummhml‘ -
with clinicai However to the

ummn,mm-m
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pines when fully developed
at on the anterior end (arrow)

om animals and, because
Starting at the left
0st. Phato courtesy of Dr. Philip




Vvioo . Dermatobia hominis (Fig. 3.116)

Common name: Human bot fiy.
Tanenomy s Insect (order Diptera).
Hust: Cattle, humans, dogs, other domestic and wild animals.
Geogruphic Distriigaion: Central and South America.
Losation e Host: Various subcutancous sites.
wet,m mmmumaumm ’

‘When these isms visit & host, the Dermarobia larvae

and enter the subcutancous tissue, where each larva develops in 4 nod ith
mmwmwmmhmwmum

Tabsrators [Hageesss Identification of larvae is based on shape and p
spiracles.

Clinical Tuportanc: Although best known as 8 human parasite,
acattle pest.
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+ AL this stage. they bhave
scat as they continue development
USDA




Vasasiir Gasterophilus spp. (Figs 5.117-5.120)
Common name: Stomach bot.
Tavonnmy: mm(mdum).smmdudeamm
rhoidalis, and G pecorum.
Hust: Horses and other equids.

o hic Diistribets Worldwid

Location oa Host: Equ-e swmndl G -w-alul. small

Life Cyole MwWwdqnmeu;mmmum Y
hatching, larvae enter through the mouth and spend a peniod of -
tongue and gums before moving to the stomach. Aﬁuupﬂlodnl‘b-u
stomach, bots pass out in the feoes and pupate on the ground.

Laboratry {iaguinis Mmmﬁydmuﬁalbymum
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s

Faps of Gusrerophibes sesimadiy, the most conwnon oquint bat spesics, can be seen attached to
the haus o the torelegs. Photo courtesy of Dr Jeffrey T Williama, Vaoson HaloSousce, Inc, Redmond, WA.

PTGV

ARTHROPODG

hues larvae. Vollowiag treatmaent with a macrocyelic lactone anthelmin-
fug YOung Gusierphihe larvac may also be present in manure. Although the less
(e back the barrel shape of mature bots, they sull shiow the distinctive rows of spincs around
M Photo vourtesy of D, Plistip Scholl, Agncultural Rescarch Servieg, USDA.

. x s of spiacs on
Equinc stomach bot, Gasterophilis. Species can be distioguished based on patierns
the budy, but species identification is unnecessary for contrel and trestiment of v)xp;mu ;h‘;»wm
of Dr. Mamgandan Lejeune. Animal Heaith Diagnostic Center, Corpell University: lhaca. NY.




VETERINARY CLINICAL PARASITOLOGY

Pugasiii: Hypoderma bovis, H. lineatums (Figs 5.121 and 5.122)

Common name: Cattle grub, ox warble.
Taxon Insect (order Diptera)
Host: Cattle are the normal hosts: horses and goats are occasionally infested. Other
species of Hypoderma parasitize deer and reindeer, and Prohevalskiana silenus is a simis
lar parasite of goats in the Mediterrancan region
Geographic | i North Amenca, Europe, Asia
Locati H Visible nodules with an external opening appear on the backs of
infested animals.
Life Cyele: Adult Mies deposit eges on cattle. After hatching, larvae penctrate through
the skin and migrate to sites cither along the esophagus (/. lincatum) oc in the Besse

surrounding the spinal cord (H bowis). After a period of development lasting seversl
months, the larvae migrate to the host’s back and form subcutancous noadules with &

breathing hole. Afier seversl more months of development, larvae cmerge, papsie o
the ground, and adult flies are formed.

Lab Y Diagnosis can usually be made based on panasite koation in the
host and history

Climi i Damage from Hspoderma comes from several sources. Adult fiy
activity mu(ed with oviposition wornics cattle and may interfere with graniag:
migrating larvae caise necrotic tracks in muscle tssue and the hide is damaged for
leather production. In addition, if larvae dic while along the osophagus or spanal cord.
serious inflammatory reactions can lead to bloat or paralysis,

Qestras ovis (Fig. 5.123), Rhimocstrus spp.
Common name: Nasal bot

ix + lusects (order Diptera).
Oestrus ovis larvae are found in sheep and goats Rhinacstrss larvae are found in
horses. Other species parasitize deer and camebs (¢ g, Cephaloping tiillator)
b Qestrus ovis s found worldwide, Rhmocstrun infostation
accurs in Afnica, Europe, and Asia
Nasal passages and sinuses.

¢ Adult female flies deposit larvac in or near the nasal passages Larvae
develop in nasal passages and sinuses. When development is complete, they fall out of
the nose and pupate on the ground.

y i: Nasal bots are not usually presented for identification because of
Iharkx:mon but they are sometimes found by owners in water troughs or on the ground
after they exit the host. Specific identification is made by examination of the spircular plates

' Although infested animals show increased levels of nasal dis-
cbarsc. small or moderate numbers of bots arce usually well tolerated. Sheep will attempt
to avoid ovipositing female flies by keeping their muzzies near the ground or under
available shelter (buildings. cars, one another. etc.). Bots occasionally wander to abnor-
mal sites, where they may cause serious discase.
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Early third-instar catile grob, #ypoderna &

d typscal loca

DA

s or warbles can be distinguished from
e host. Photo courcesy of Dr. Philip

ly maggots by u

oducers whea they leave

Ovine nasal bol. Gestris ovis. These bots are occasionally seca by pe
wmant bost to pupate or following treatment. Photo courtesy of D
Service, USDA.

Phlip Scholl, Agricultural




VETERINARY CLINICAL PARASITOLOGY
Fly Strike or Blow Flies (Figs 5124 -5.127)

Insects (order Diptera). Many of the m
the families Calliphoridae (blow flies) un

2pols causing fly strike belong to
(flesh flies)

Various, not host-specific

Wo

Vanous, w ody secretion that attracts

female flies.
Larvae of most of
are attracted by the odors o
rion. Wounds or skin o £
Larvae feed prim.
leave the host an

up arc not obligatory parasites Adults
nal and deposit their eggs on car-
s sodled with blood or feces may also attract the flies.

nt is completed, they

when develop:

Is is suflicier

o1 duagrosss of

fly strike. Specific iden! res examination of larval spiracies

Fhy
presence of large numbe
even death

octed by fly lanvee The

struction. tonomss, and

e

sga w5 Prrarmia s

Caliphora sp.

Musca sp. Luciia sp.

b iy strike. Adapied trom Pictorial Keys o

1969
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e Ty stnke” or My Blow” i whach an asumal has become infested with ly maggots.
ATC Bl true parasizes and would be oqually attracted to carrion, Sheep are

ex i woud s penasteatly wet o hecomes soiled with blood or feces. Photo
{ Vs v Moduane, Comnell Univensity, Ithacs, NY.

Wnierion spucackes o Lawilua spp karva. Phioto courtesy of Kelloe Sundstrom, Oldahoma State
ersity, Sullwater, OK

£

Luciiia spp. is one of the genera of blow ﬂmchuumelkw”".:r:;:;‘mlmd
flics are typically metailic blue, groen, or bronze in color. Luciia spp WNMW Chades
signilicant cconomic 1oss o the Australian sheep industry. Photo courtosy of Di.
Sturt University. NSW and Ms. Sally Pupe, University of Sydney, NSW, Austalia




B e Corhbors handa Chrysompa bezziana (Figs 5.
Common name: Screwworm.

(Culhphomhc) Mmﬂmdunwﬂumahm
are of less importance.

Host: Wild and domestic animals, bumans.

Location oo Hest: Vnmunhnuhﬂymulhedpd

Life € uh Adnkﬁ-uklhasdqumqponmehusl Larvac feed
tissue. F tarvae fall to the ground as
Mﬂum-ﬂmmnmh&q&mkwun 1

Laboratory Diggnosis: B R of larval spiracies is

Chinival lopestanc Screwworm mfestation is a sonous discase that can
the death of the host. The parasitc was crsdicated from the United §
through a stenle-make release program. This program has now boon s
ing the fly from Mevico and Central Amevica, with oaly occasionsl
reported.
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. ! { & calf If untreated, these infestations are often fatal. Photo
ourtesy of Dr Dionald B Tt opwcal Agnculture Rescarch Laboratory, Weslaco, TX
METRIC 1’ Tl
SITLAL RTRe AT L
:

estation s suspected in the United States, larvac should
\Ganaas

sp. lervae showig pigmented tracheal trunks (o). If screwworm m.mm:u:r
L tes. farvas should be submitted m 70% alcohol 10 state or foderal veterinaria
Kellee Sundstrom, Oklahoma State University. Stillwaser, OK.
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Paresiiee Louse Flies, including Melophagus ovinus (Figs. S.131-5.133)
Common name: Sheep ked, louse v
Vaxonomy: Insects (order Dipters).

Host: Sheep and goats are parasitized by M. ovisus, the sheep kod. Louse flies may be
found on a variety of animals. Examples include Hippabosca variegata on horses, cattle,
and camels; Lipopiena spp. on wild ruminants; Hippobosca longipennis on dogs; and
Pseudolynchia spp. on birds.

Distribetion: Worldwide, although in North -\menu only the sheep ked and the
pigeon fly (Pseudolynchia) are found oo & =

Location ea Ho Vm

Life Cyele: In some species, winged adult flics are temporary parasites while foeding s
others, louse flies lose iheir wings afler finding a host and become permancat parasites.
The sheep ked, Melophagus, has no functional wings and is transmitted only by dirt
contact of hosts Adult female sheep kads doposit lurvae that pupate immedistcly on the
skin of the host.

Labor i g Identification is based on adult flies. Hippoboscid flics gemerally
have a rather Rat, leathery appearance compared with other Mies Ked foces, which
resemble flea feces, may be found on the host

Clinica oportance: Sheep keds can cause sigaificant damage 10 the skin, making &
unsuitable fur leather producticn, and can also roduce the value of the sheep floae
Biting activity of flics causes pain and iritation
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ard appearsnce of the body with relatively
thewr wings. others lose their wings after

8 r developmeni. Photo countesy of Dr. Alvin
CFIA. Saskutoon, Saskutchewan, G

8
£
2
&
&
<

s Althoagh sometimes muistaken for ticks,
e Ked excrement, which resembles flea
of Dr. Jeffrey F Williams,

due 1o massive £ corvi
Adult Lipoptend vervi from a mpose ,Uu‘x\.‘dlﬁm;‘:“:‘:w i Coatic. Cormelt
infestauons. Photo courtesy of Dr. Manigandan Lejeuns, Animal i
Usiversity, Ithaca, NY.




Pua Biting Flies (Figs 5.134-5.141)

Taxomomy- Tosects (order Diptera). Biting flies belong to many
order. T

Hest: D ic and wild animals and b

1.ite Cyede: Like other Diptera, biting flics kay cggs that haich
lows @ period of larval devel, followed by the
biting fly spevies, like the mosquito, only the fenul
adults of both sexes feed on blood

Luberatory Disguosis: Although detaled descriptions of biting flies ane
mpdtﬁlb&.mmﬁmmankmdclhulhﬁ !
(see figures). ;
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10 mm

<maller and huve disinct bands

aty, St twater, OK

Univers!

jrritans. ihe

siodis
of

d the lateral aspect
o State Unsversity,

o stable Y (/0 and Ha
o hoad 8 anght angk
Suadstro Oklalio
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g
§

Hom flics. Harsastedas sriaass. a5C 8 by
often cluster 08 the backs sed sados off etk

short distance 10 (he air and vagndly sov
Oklaboma State University. Stulfwacer. OK

of Gattle throughout the workd, Hom e
ng Gomasd the ground. I Sutubed. they By o
o Pholo counesy of Kelior Sundstrom,

The stable fly, Shomsanys caksirans, o sppronssaicty the s of o bovas Ty Dol i & magor
blood-foeding pest of catiic and, somctemes, domesial o Pheno cowtesy of D Lyte Buss, Bntomology
and Nematology Departmeni, Universty of $londa Gasewsilie 11

lossina, the tsetse Dy, is the vector of trypasesomiasis in domestc animals and busens in

:::M Species reach wp (o 14 mam in length. Like stable lees, the mouthparts of the fly project forward flom
, but the wings of tsctse flics lic across the back likie scissors. Photo courtesy of Dr. Andrew
) Oniario Vetennary Colicge, University of Guaiph, Guelph, Ontuno, Canada.

A
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amy regona « develop in or near water, These
: head. Photo from

loag as the

mm) with
State

ly larger than 2
ndstrom, Oklahome
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Other Insects

Triatomine or reduviid bu

Common name: Kiss bugs. cone
Insect (order He e y Reduvidae
Humans, wildlife. and domestic
Seve e s
ested and dry arcas in the s ern L od States, co, Ce
America
Hid < S S ging at night to fead
Kiss s spend daylg w
cracks and crevices ¢ ¢ lad
environment
‘ A < <

from the environ
other housing. Tt

mon genera include 3 v -
most st < . -
bugs m ‘
bugs
N
i 2 bug

Chagas disea

Texas are ir

as wel
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o ¥ > i Trypanosoma cruzi in the
' o vourtcsy of Megan | Uswversity, Stllwater, OK
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Firisi Cimex lectularis, C. hemipterus, C. adju (Fig 5.143-5.145)

Common name: Bedbug.
Insect (order Hemipiera).
Hast: H and d Js. Other members of. the gosus patasitias hiedemt
bats. ;
Gengraphic Distrily
in tropical arcas.
{acation on Host Bedbugs do not have specific predilection sites on the bost.
Life £ wie: Five nymphal instars with the sixth stage being sexually mature, dimorphic
males and females. All motile stags of bodbugs visit the host oaly at night o feed and
spend daylight hours in cracks and crevaces in human or animal cavironments. Eges are
laid in the environment.
Laboratory Diageesie Identification of reddish-brown, dorsoventrally Maticeed. wing-
less insects. Adults are 5-7 mm in kength. In human infestations, bodbug feces may be
seen in the bed.
Clinical fosportance: Bedbugs are most important as human parasites, but they will sl
attack domestic animals. In the United States, bodbugs have revently beconse miore com.

mon human parasites as the use of broad-spectrum pesticides for other insoot pests has.
declined. The role of bedbugs as vectors for pathogens is unceriain, There is some labo-

Taxomomy

o Worldwide with C fectudaris in temperate and C Aemiptens

ratory data suggesting Thp ozt may be tra tted by bodbugs. However, the
epcdmdxwldmtowunm compeiency and establish tus transmission a5 2
 lacking

Rl i B Pl r e L

=
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10 mm

t Dackmg, € cosdars. Photo courtesy of Megan Li

o1y, Oklahoma State

ad Byt .vtuthLp Cimex lectubanis
ot with a pointed abdomen
af lx'l-m' molting 1o the next stage

g @ bat bugs are

e mistaken for C Jecnaduaris. However. -
¥ !hh“:: on the thorax of bai bug are longer thas .
L :‘m mal Health Disgnostic Center, Coraell

5. the castern bal bug, can







CHAPTER 6

ites of Fish

Stephen A. Smith

Fish can serve as definitive, intermediate, or paratenic (transport) hosts in the life cycle
of many species of protozoan, metazoan, and crustacesn parasites. Most of these
parasites can be readily identified grossly or mics picaily, and as with i
parasites, the correctidentification and an understanding of their life cycle are important
in the prevention or management of an outbreak of disease due 1o parasites.
Protozoan parasites probably cause more disease in both ornamental and cultured
fish than any other group of parasites. An example of & common protozoan disease in
fish 15 white spot discase, or “ich,” caused by Ichthyophthirius multifiliis in fresh
fish or by Cryprocaryon irvitans in marine species. Other protozoan parasites that
commonly occur on fish include Terrahymena spp, Trichodina spp., Trichophyra spp.,
Amyloodinism spp. und Ickukyobeado spp ¥
Metazoan parasites can be found as larval or adult forms in almost every mﬂ"“r
fish. Most can be grossly identified as d ;
cestodes, ucanthocephalans, ot crustaceans, but specific identification generally involves
special stamnmg techniques or clearing of CHUCHS, ¥
: Examples of A\’.Illll\t‘ﬂ fish helminth s?::,iude on the gills and Skm-
lanval digenets trematodes (motacercariae) in the eyes, skin, muscufisture, and abdominal
cavity, lanval cestodes and aematodes in the visceral organs and abdominal cavity; and
an wsoctment of adult rematodes, nematodes, cestodes, and ic’mhw“‘h‘hn,‘m the
lumen of the gastromiestmnal tract. In addition, a number of arthropod parasites and
leeches can be found ovcurring on or attached to the skin and fins of fish,

¢

WERY OF ECTOPARASITES

A vanety of nonlethal techniques that include skin, fin, and gill m:g::
developed for the diagnosis of the common external parasites of fish. “Ao“a?mm
biopsy techniques can be performed on live fish without the use of Mh“u’: e
light sedation often sunplifies the procedure and makes it less stressful for 2

inary Clincal Parasitology. Ninth Edition. Anne M. Zajec, Gary A, Conboy: Susea E. Listle
d Mason V. Reichard

21 John Wiley & Sous, Inc. Pablished 2021 by John Wiley & Soos. Ine.

Compamnn website: www wilcy convgo/zajac/parasitology
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e sade of a Gish for exioraal-parssue

2 skam buogsy 1

Collection of muacas s
exsmination

Skin Biopsy (Mucus Smear)

The skin is the primary tar
a biopsy of the skin (Fig. 6.1 uselul and common samples for dug-

nosing ectoparasitic pro s This biopsy s performsod by gently sorapeng a ssall s
on the surface of the fish with a scalpel blade or the edge of & microscope cCoveniip e
wid be taken 10 use only & nunimal amount of pres-
. smce damage Lo the skin may result i sccondary
bacterial and fungal infection ) lance in the fish
The mucus from the skin scnspeng should be tansfomred mwmadistely 1o & drop of
aquarium, tank, or pond walter {esiher fr ¢ salf water depending on the species of fish,
but not city tap water or distifled watcrjon a g roscope sdide and a covenslip carcflly
apphied. This wet mount shouk] then be cxams cr the compound mcroscope for the
presence of free-swimming, atiached. or ency A0 Of MOLAROAN PRrasites.

cranial to caudal direction. Care
sure (o obtain this superficial scray

oregulalos

oy

Fin Biopsy (Fin Snip)

A fin biopsy (Fig. 6.2) is obtained by snipping a small picce of tssue from the poriphersl
edge of one of the fins. This procedure 15 maore trawmanic 1o the fish than  skin biopsy,
since a physical wound is produced. The fin siup should be transferred immadiatoly o 8
drop of aquarium, tank, or pond water on a glass microscope shide. spread w0 its full
extent, and a coverslip carefully applied. This wet mount should then be examined under
the compound microscope for the presence of Protozoan of MELAZOAN Parasites

Gill Biopsy (Gill Snip)

A gill biopsy (Fig. 6.3) is obtained by inserting the tip of a pair of fine scissors into the
branchial cavity behind the operculum (gill cover) and cutting off the distal ends of
md of the primary gill lameilae attached to the gill arch. Since only the tips of the
primary lamellac are removed, minimal bleeding should occur. The gill tissue should be
transferred immediately 10 a drop of aquarium, tank. or pond water on a glass
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Collection of a fin biopsy by clippmng a small porti

1 of the distal ip of the pectoral fin

2 (gl chamber cover) and removing the distal

microscope shide; the individual lamellae separated; and a coverslip carefully applied.
s wet mount should then be examined under the compound microscope for the pres-

enoe ol Protozoan or metazoan parasites,

Exanination of fish feces for the presence of internal parasites is accomplished with the
s and birds, A fresh fecal sample is collected
pipette either from the bottom of the aquarium or as it hangs from the vent o!_‘hf
fish. If an appropriate sample cannot be acquired from the environment oF if txa?.mum'-‘
ton of a speaific individual 1s desired, the application of gentle pressure on the Sfd'” :
a netted fish often produces the desired sample. The fecal specimen is then processe )_
standard flotation, sedimentation, or direct smear techniques and evaluated for the pml;
and larvae. Though specific parasite identification 15 gcf\ura ).
fecal examination does provide useful information about the lyP¢5_°' p‘.:]':
sites (nematodes, trematodes, cestodes, acanthocephalans) that may be preseot i1 Ah

same techniques as those used for mamma

ence ol par
impossibl
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Parasive: Ichthyophthirius multifiliis {Figs 6 4 and 6.5)
Common name: “Ich™ or freshwater white spot disease.

Taxenomy: Protozoa (ciliate)
Geographic Distribution: Froshwater fish worldwide

Location fo Host: Within the surface epithchal layer of the skin, fins, and gills.

Life Cyele: This parasite has a diroct Life cycle, with free-swimming, ciliated tomites
(th in the water ding the skin, fins. and gills of fish. The lomties penctrate
into the cpithelial tissues and form farge, foeding trophozoites (trophonts) that eveaty-
ally excyst from the host and enter the water, where cach develops nio a cyst. The cyst
stage then undergoes multiple divisions. producing numerous infective tomises that are
released 1o the environment to infect other fishes.

This lange, holotrich ciliate has a characteristic C-shaped macre-
§ i wet ts of skin biop and gill and fin snips.

Laboratory Diaguesis

nucleus and is d

Size: Trophozoite in tisses
Tomite in water

Clinicsl leportance: The parasite causes small rassed, white lesions on skin, fias and

gill tissue. Penetration into and excystation out of the cpithelial tissue by the parasie
causes Joss of integrity of external ssues and rosuits ia disruption of normal homeo-

static osmoregulatory processes.

up (o | mm in dismeter
2550 % 1§22 um

Parasiie: Cryptocaryon ivitans (Fig. 6.6)
Common name: Marne white spot discase

Taxonomy: Protozoa (aliate)
Marine and brackish water fishes worldwide

Greagraphic Distribation
Lscation in Hlost: Within the surface epithehial layer of the skin, fins, and pills

Life Oyele: The life cycle is simalar to that of freshwater Jorhvopshihinies nushifiliis: froe
swimnung, ciliated tomites in the water mvade the skin, fins, and gills, pencirate o the
epithehial tssucs, and form large, feeding trophozostes that evoniually excyst from the host
hwth-meruddcwkmmmqm The cyst stage then undorgoes me
ducing numerous infective tomites that are rekeased 10 the environment to infoot other fishes
Laboratory Disgmosis: This holotrich ciliate. which docs mos have a C-shapod nuclous
like I mudtifiliis, is detected in wet mounts of skin biopsies and gill and fin suips,

Size: Trophozoite in ussues up to | mm n diameter
Tomite in water 25-50 x 15-22 pm
C Huical Ysspartance: Cryprocaryon irritans causes small, raised, white lesions on the
skin, fins, and gill tissuc. Penctration into and excystation out of host opithelial tissue
U‘*ﬂpftﬁumlosso{inuyﬁy of external tissues and results in disruption of
yp
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— -
0.3 mm e

similar life cycle 10
Crypiovaryon writans wophozoite. This ciliated parssite. which Aas 2
fchihyophihirtues Wi, ocours in manoe fish species.
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Pawasiie: Tetrahymena spp. (Fig 6.7)

Taxonouy: Protozoa (ciliate). Species include 7 corfissi and T prriformis.
Geographic Distribution: Freshwater fish worldwide.

Location in Host: Trophozoites are generally found on surface epithelial layers of the
skin and fins but may occasionally be found in decper skin tissues, muscle, and abdomi-
nal organs.

Life Cyele: This parasite forms reproductive cysts in the freshwater eaviroament in
which two to eight infective tomites are produced

Laboratory Dis Small, cylindncal- to pyriform-shaped ciliates can be found ia
wet mounts of skin biopsies.

Size: Trophozoite 35 % 30 pm
Clinical Bnportasce: This fscultative paraste can bocome histophagous aad arvadc the

skin, muscle, and internal organs causing osmorogulatory problems and body systom
dysfunction

Pukassie: Uronema spp., inclading 1. meerissns (Fig 6.8)

Tuxonowy: Protozoa (ciliste)

Geographic Distribusios: Marine and brackish water fishes worldwide.

Location i Host: Surface epitheiial layers of skin and fins of manne fish, but may als
invade deeper skin tissues, nouscle, and sbdonunal organs.

Life Cycle: This parasite (similar to freshwaler Tetrakymend spp ) forms reproducteve
cysts in the marine environment in which several mfoctive tomites are produced

Labersiery Diagnesis: Small, cylindrical- to pyrform-shaped clistes can be found ia
wet mounts of skin biopsies.

Size: Trophozoite S0 % 30 pm
Clinice! fmpectsce: This facultative, histophagous parasite (nimilar to freshwater

Tetrahymena spp.) can invade the skin, muscle, and mternal organs, Cousing osmoreg
latory problems and baody system dysfunction
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Trophazoites of Trirshymens spp ina ki oy of awmmlw"’"""" &
chrysaps) This small Giliate also infocts many species of ormamental aquanam fish.

deepe tissues of &
Tissuc sention showiag awmecoss trophosoites of Uramema sy iavading the desP 0y o
surmies owindes (Aol btk s shoadarus) spwcics. This marioe organish causes pathology
Ternahymena spp of (roshwaier spovics of fish,




VETERINARY CLINICAL PARASITOLOGY
Epistylis spp. (Fig 6.9

Protozoa (ciliate). Species

clude £ ¢ wrion and E fwafli

Attached to surface ¢ clial layers of the skin and fins

dinal axis, producing two daughter celis

ong 1

unts of

is wdentified by its vonca e ed ¢ dinc ody, branched noscontractiie stalk

and epistomal disk §

ized skin lesion and mechanic
the skin. Genera sh dewe i s cavy infestations

Trichodina spp. (1

t v o
spp., Dipariiel A
few species are
e g two daughte
cells.

mounts of sk

denticular (toothlike) 1

normal respiratory piocess

Generally, the
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te that has & coawal or clongsied cylindrical body. a noncontractile
ment 1o the bost. The parasite gencrally canses only localized skin

beopsy of & tropecal freskwater ascar ( Astronobus ocellatus) These
colar, dembutar T (armint ), apon which specific deatificaion is based
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Trichophyra spp. (Fig 6.11)

Protozoa (¢

Attached to epithelial sy wes of the skin, fins, and gills

This paras reproduces by endogenous budding

@il snips and is di

Size: 3050 um

T s asic crally only & probleas i heavy
infestations, wheve this pincushic ke ¢ te attaches o n and gl Lissess
and causes irntation § loc ed fes hat dis capiratory and g
ulatory progesses of the fis

c S ¥
Prot o ( < clude O e and
Piscinood ;

A ttached . o £

projections that penctiaic

wl f

from the host

ning, infective di ore
i " y I oWy wais o
gill snips where the org: . =
¥ SO 200 e in length
s 1 ¢ ¥ setet

N the gall, resuliang w

c esutung
hyperplasia of the ¢ €5 an Outbreaks may be futal
k med by other

m heavily infected

conditions.
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oo s gl biopsy of & channel catfish (X salirus pamctatis). This freshwater aliate
) and & often found oo the skin and gills of pond-reared fish.

W e of @ sirped hass ( Morane saxatilis). This organism is
| marise spevics of fish. Qudenuam sp. is & similar parasite in

e cause of
Troshwater Lah

\

Histopathology of Amyleodisium ocellatum attached to the gl tissue of m bq:li (Morane -
saxatsiis) showing the basilar site of thizoid penetration (arroir) into the cpithelial cells :




VETERINARY CLINICAL PARASITOLOGY

Ichthyobode (= Costia) ne

Fig 6.14)

Protozoa (flage

e skin, fins, and gills

hed feeding stage altormates with a free-swimming nonfeedin

stage and reproduce

from its posteriol

The parasite is d

I skin biopsics and

istic rapid erratic mos

through the water
Size T 10-20 x 5-10 pm
3 < . ¢ 1s extramely pathogeniy ia young
fish and older fish with lowered ¢ Causes ‘ ¢ ok
gill tissue, resu ¢ S AU i fussoe whiag
My xobolus spp., including M. corebs 5
L8 N < &
genera and species including < A v &
spp., and He
' sh workdwade
s v v
anophore ¢ ck-colore very

ctal defor 1100 10 OldC

111 15 & significant

MTHN SPOCIOS Ay Cause
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Lehiky sttached 1o the skin f@rvaid, is an extremely pathogenic fagellate parasite
ol freshwater fish tha overtooked dus 10 its small se. {

§Af) odwdies Sp (8 BYROSpPOTESn parasiic) i tissues of a rainbow
o e polas capsules Witk the SYXOSPOTE.
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Henneguya spp., including #1.

raluri (Fig. 6.16)

Cnidaria (Myxospo Myxospo 1

o van fish parasites include numeroas
genera and species: see Myx s $
N < okis ' workdwade
Gene y the o < ssucs of the gills and skin, but may also

invade muscle and mterna ans

worm to produce CUROSPOre stage 1 el
fish host. The sporoplasm stage the evelops

target lissue ¢

S OF 1S caten by

oduces & polyspo

tissues ¢« s s vahas
with or without ca <
Size S . i Pendages of 45 4

Meonogeacans |

Monogenea (M n i ecoera Givadaorybe spp
D\ s

A L 1 gutla

Monogeneans < : v VO s bfe cvede on one

host. Larvae are ¥ £
b 3 pOsten
skin »
P C ' 1t the site of attach

eceding activity on the external surfaces of the fish
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8 Giennza-stamed myrospores of the myvasporean parasite Hemneguw
he gill filament of a freshwates cluannel catfish {Ktaherss prmcian). Note the |
Within the spore and forked casudal appendages.

wfu.nmnm (Oncorhynchus mykiss).
Pacusites have u.x:\i anchors GRS, oF ﬁcmpwﬁhﬁﬂb
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Punasine Larval flukes (Fig 6.18)
Taxonomy: Trematode (Digenea).
Geographic Diswribution: Freshwater, brackish, and manine fish worldwide.

Location in Host: Encysted metacercaria can be found in various tissues of the fish,
including the skin, gills, muscle, eyes. brain, and visceral organs.

Life Cycle: Digenetic trematodes roquire 3t least one intermediate host,

snail or other mollusk, to complete their bife cycle. Eggs are deposited in lh:l‘u‘b.

the definitive host (mammal, bird, or fish), which batch, and release fi

miracidia that enter a first intermediate snail host. The developing parasites emerge
into the water from the snail as frec-swimming oercarniac that penctrate the tissues of a
second intermediate host, commoanly a fish. The parasites then become eacysiad
metacercariae and do oot develop further until ingested by the appropriate caraivoross
host (e.g., fish-cating bird, fish, or mammal) where the parasite becomes 2 matun
adult.

Taborstory Diagamis: Larval trematodes are generally visible grossly within hﬂ
tissue,

Size: Metacercana Varisble, up to several millimeters

Clinieat Importowe: These parasites are ofien unsightly in tssucs, but gonerally e of
minimal significance unless large numbens of metacorcanac interfere with organ fasction.

Pasasiie; Argadus sp. (Fig. 6.19)
Common name: Fish jouse

Tasonomy: Arthropod (Crustacea, Branchiura)

Geographic Distribution: Freshwater, brackish, and mannc fish worldwide,

Location in Host: Generally on the external surfaces of the skin and fin

Life Owle: Eggs. which are laid in water, release froc-swamming copopod larvac thit
attach to suitable fish hosts and metamorphase several tmes before reaching the adul
stage.

Laboratory Diaguesis: These grossly visible dorsoventrally flatiencd, oval parasites
have two prominent sucking disks, two dark-colored evespots, and a contrally locsted
plercing stylet.

Size: 3-5mm

Clintcal Inportance: This crustacean causes damage by prercing the extornal tissues of
the host and ingesting celiular fluids, and often causing a severe localized reaction at the
site of stylet p These p ic atthropods may be important veotors in the
transmission of certain viral, bacterial, and protozoan fish discases.
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anae of two different spoces of digenctic rematodes in the muscle of a

) The smaller organisn (B) 18 commonly called “black spot disease™ (Neascus
< 1Y 1 s commonty valled 2 “yellow grab”™ { Clmastonson sp ). Both are larval

¢ mlamonphosss unil ingesied by 3 carnivorous definitive host,

okl ( Conassmes awratis), convmoaly known as 4 “fish lousc.” This
oued on the sken and fins of freshwater fish. Other species can be found on

of fish
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Pasasii: Lepeaphtheirus spp., Caligus spp. (Fig 6.20)
Common name: Sea louse.

Taxonomy: Arthropod (Crustacea, Copepoda).

Geographic Distribution: Marine fish worldwide.

Location i Hust: Generally on the 1 surfisces of the skin and fins. Gon

Life Cycle: Attached female bice refease eggs into the water where the eggs hatch
ing free-swimming nauplii larvac. The copepod metamorphoses through multiple |
swimming and then attached larval stages (copepodid and dulumn)wh-u-c“
adults feeding on the mucus, skin. and blood of the fish. :

Laboratory Disguesis; These grossly visible p tes have a large that
ucuhk:aummnocwrwhoum;ﬂrlm-:muuIuh Females, which ase larger than

PR

males, often have two long egg sscs railing from their body L
Size: 3-8 min ™
Clinical Tmpertasce: This crustacean causes physical, :ﬁ!\nulu. and M RN

damage at the site of attachment and feoding resulting in b

lesions. These parasitic arthropods may also be important vectors for mnl-'ﬂ“
discases.

Pusasiie: Ergasides spp. (Fig. 6.21)
Common name: Gill louse

Tavenomy: Arthi d (C Copepoda).

Geographic Distribwtion: Freshwates, brackash, and manoc fish worldwide

Lecation in Hest: Most commonly found sttached 10 the gills, rarely the skin and fiss
Life Cyche: Females n:kn.-c cgps inte m‘ watcr that b;m- md refease froe-swamming
larvae. The cop met NS LEE stagos o
become either frm-lmng males or attached ;uuum. females fooding on M““
skin of the fish.

Laberatory Disgnosis: These parasites hane a large modified prohensile anteansl g
ment for grasping gill filaments of the fish. Gravid fomales commonly have two ogg s

Size: 4-6 mm

Cliniosd bmportence: This causes { crushing damage at the site of
atachment to the gill filaments of the host resulting i focal devitalized gill tissue
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T,
.¢~“
,)

3 sabcnis. Sca bos oa the skin of an Atlanti saimon (Sakma salar), This copepod
has several froc-swimiming stages knowa as naupl that moll imto an stage. Once on
cpodid molts into parasitic chalimus stagss (C-1 w(‘-wl.lh-amﬂnnua.um)
4 veproductng adalt (A = female sdull). Photo sountcsy of Do Larry Hamniell, Atlantic
sc. University of Prince Edward Isdand, Chariotictows, PEL,

3 mm 4

oP A.xw.u-..s:u-‘q\\!.urunn-med(wnmznnlmilyn(.{m“‘
¢ et sivin) wheeer they were firmly nmmmﬂﬂmn&&mumi
waniiiad graspeag appondages. & central shdomen, and wo clongated egg sacs.

halotharax wick




Panssiie: Lernaea spp. (Fig. 6.22)
Common name: Anchor worm.
4 - Avh 1(Cn C R

Geographiic Distribetioa: F) fish worldwid
. Location in Hest: Most commonly found attached to the skin and fins.
= ¢ Life Cydle: chnhsrdm:ensnmlhe‘uumuhtdundmlm

; Wmaﬁdnlommww“mw:nmmw
=5 terior end hangs free in the waler.

Laboratery Disgsesis: These parasites have a lange anchor- hbm
unsegmented body: '

Size: 4-6 mm
Cimica) Tonp This e Ripateroais i
mnmmm&mswmmM

Purasite: Leeches (Fig 623}

T  Phyhum Annclida (subclass Hindinea).
Geographic Dé Fresh bracknh. and nunne fish workdwade.
Location in Hew: Attached to external tssucs of the skin, fias, snd gills

Lifie Cycle: Leeches are b hroditic and reproduce by M
lmmMMMMbqwm

a varying number of body div and go and g

Size: Vanable, up to several contumciers in lengh
Clinical Lapertance: Mthwwambym
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5 an anchor worm, has several free-

« matiog, the male generully dics, while
parasite develops into an anchor-like

e postenor cod becomes modified nto

o< fish's body. Photo courtesy of D

Florsda, Ruskin, FL

4 10 the skin of 4 cultured bybnid striped bass (Morone
= o v fish, s well w5 act s vectors of hemoparasis




Pukasiin: Thorny-headed worm (Fig. 6.24)

Taxonomy: Phylum Acanthocephala.

Geographic Distribution: Freshwater, brackish, and manne fish worldwide,

1.ocation i Hest: Lumen of the posterior intestinal tract.

1ife Cyele: These parasites have an indirect bife cycle, with usually a crustacean inter-

mediate host.

Laboratory Disgnosis: Eggs are observed on standard fecal flotation or direct smear.
Size: 50-65 x 30-40 pm

Cligicul fmportance: These parasites generally do not cause any clinical signs in fish.
Rarely, a severe infestation will result in pesforation of the intestinal tract, with subse-

quent peritonitis

Pasasiie: Nematode Parasites (Figs 625 and 6 26)

Taxonomy: Nematode:

Geographic Distribmtion: Freshwater, brackish, and marine fish workiwide.

Location i Hes:: Lumes of the intestinal tract

Life Cyole: Both direct and sndinect life cycles have boen reported

Laborators Diagacsis: A vanety of nematode-type eggs may be observed on standand
fecal flotation or direct snwear

Size: Variable

Clinical Impariasce: Adult nematodes gencrally do not cause sgnificant clinical signs
in fish. A severe infestation sometimes Will result in mechasscal blockage of the mtesti»
nal tract and/or chronic weight loss
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CHAPTER 7

1t of Veterinary

A wide variety of safe, effective parasiticides can elimj infecti dreis o
prevent development or exacerbation of parasitic disease. Despite the availability of
these powerful treatments, parasite control continues to be an unmet need for many
domestic animals due 1o fack of use or incomplete knowledge on cfficacy, Choosing the
parasiticide treatment most approp: for a particular clinical situati roquires
careful assessment of risk factors as well as nary FreA g
patient, herd, or flock charsctenstics and needs. Rarely is one treatment or single
protocol the best option fos all paticats, even when gencral concerns about the type of
parasitic discase of greatest nisk are similar. In this chapter we summarize infi i
about anthelmintics, ot ades, and Lip s | i &
vetermanans. Oaly products approved by FDA, EPA, or similar "l“illory agenci
and that have been confirmed to t:m‘undemm:iouswinbedimndmw.iwu
of some approved products or formulations may be limited. Products covered in this
chapter are largely restricted to those available in the United States and Canad
Vetenmanans should be familiar with and consult current regulatory-approved label
information prior 1o prescribing or recommending any specific product,

Eftective control of helminths mvolves more than just selection of a safe, E

anthelmintic Effective paras P must

enviropmental contanunation and thus risk of re-infecti lity of I!Ihood_ e of
e . Y

age and immune status of animals, and nisk of allowing infections to persist.

Selection of the best anthelmintic for a given clinical situation i;:ﬁmwu

other than efficacy, including safety, application route, o s fuctors
about resistance. Trad i) helmintics were L s i liquﬂkwm
formulations cither directly or via nasogastric tube. However, many s

Veterinary Clusical Parasizology. Ninth Edition. Anne M. Zajuc, Gacy A. . Sus x
and Mason V. Reichard Conboy, Susan E_ Little,
2021 John Wiley & Sous, Inc. Pablished 2021 by John Wiley & Soax, nc.

Comyp website: wwwowiley =

e
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Table 7.

I +5 pyvantel +5-
Pyrantelpranguanici +/- fobastcd
Paste Fenbendasole. nenuais. mondoctn. ouboadazoi,
pyrantel pumoste
Feabendazole
Liquid Albendarole. dussnict !M-\.k ermoctia, levamole,
mondatz, ole
Water additive Foabendarcle
Feed additive Feabeadaroke. mocestcd riass
Dechlorvas, fenbead. . beveamasole,
Ppyrantel tartrats
Block /mineral  Fesbendarok )
Pelicts Foabeadarole pyvanst tariras Horses :
Tnjectable Mclanousas dnroctiande Dogs "
Mousdoctin Dogs s
Dommeata, nermats Cantic. ‘pags. sl
Loamasode. moasdats Cattle
Epnacesata cutoadad rrican (o sstasic “Catnhe
Prazsguantc Cats, dogs
M. CUsts, dogs.
Emodopeato’pramguasct Cas
Epnaaaatapeimesc Cuts
i wn e '(“t
N——s

nnm&duwumunmm s B L P L G B0l VNG

now given with the feed. injected, or as a mmdmln! product that is admvinisterod top-
cally and absorbed systenucally (Table 7
An&hebmnua also differ m the &c‘nv o which they porsist in the animal after

Ji with some products being cleared within 24 howrs and others lasting
and remaining eflicactous as k\n;n 6 months. Persastency s ofton desired (o reduce the
number of times animals must be treated but can affoct withdrawal times (Tabde 724
md mﬂum lelemon Ior resistance. With use of any anuparasitic drag troatment,
i helmi for ce will oocur. Anthel l-
reduced the utility of these drugs in certain chinical situstions. Accordingly,
resistance when it occurs and developing appropriate stralegics to protect anamal health
in the face of diminished anthelmuntic officacy arc important clinical skalls. Rosstance
to parasiticides is discussed (urther below.

Specific Anthelmintics

M ic 1 also referred to as avermectin/milb £
mo(duu&a.meﬂemw.mdmoaw-dd)medmmdmmm‘mm -
First marketed in the carly 1980s, the class now includes abamectin,

Mmmm:mm Tb»

eprinomectin, :
pounds cause flaccid paralysis by impeding git gated chlond removal

R ¢
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Examples of withdrawal times for selected anthelmintics
Anthelminte Species reated  “Wishdrawal

Albendazole Beel cattle 27 d oral bquid
Goats, sheep 7 d oral hguid
Dichlorves Pigs 0d feod sdditive
Docamectin Pigs 24 d uoctable
Beef cattic 35 4 mjoctable: 45 d pour-on
Dairy cattle Inyoctable only ia heders <20 mo. of age
Epcinomectin Beef cattle 0 d pour-on; 45 d injectabic
Dairy cttle 6d powr-on, myectable only m hafers <20 ma. of age
Feabendazole Pigs 0d food additive
Beef cattic ¥ d oral hgud, paste; 1 d wolasses block; 13 d flaked meal, froe-
chosre muacral, pollets: 16 d protein block
Dairy cattle ﬂd«ﬂh-ﬂ.ﬂa&duﬂm{hﬁm;‘um
Goats 6 d oral biguid
hermatin Pigs S d food sddiinve: 18 d mpectable
Beef cattic 35 d imgostable, 43 d pour-os
lojeciable onty in hefors <20 mo. of age
11 d ol liquid

3 d water o feed addive

2 o o, vl Bguid. food additive. 7 d injsctable: 9 d poar-on
3 d oral Bquad

14 d food addative

Dairy cutle 0d feod sdditive

Boef canle 0 d pouroa; 21 d injeciable -
04 powron wjectable oaly in bafers <20 mo. of age
7 d e quid

7 d oval higuid

21 d water of food sdditive

24 b road sdditnve

Lovam

Moranicl tartrate

Mavdecun

d a avonding v FA-sppeoved tabels snd may vary by i,
ot Ausst Resabac 4tabels snd may vary by Sormulation: sy onsalt el
FDA appeined tabed

of sastrointestinal parssites follows via peristulsis and stages in tissues are ol 5
(he wmune systeat. Although the specific efficacy of individual compounds differs and
formulations wiluence spectrum of actvity, in general, members of this class are effec-
(ive against @ divorse array of des and arthropods. All available f; 3
safe when admuistered according to labe! directions. However, extralabel use obhigh
doses can result in wxiaty, particularly in collies and other dogs tha S
autation and 1 certaim exotic animals, including chelonians and some other repti
Ongmally developed as plant fungicides, the benzimidazoles have h‘ Ma“u
anthelmintics since the early 1960s. Key lmh:‘l of this cluss stll used in yelesiss

. a. 1. %
medicine include alb i
PR

dazole. and triclab Lot wcllar faa s ekl

The benzimidazoles bind wbulin, p : of ¢ P
cellular function, inciud energy b ’ D:wmlmg on the w’
considered, efficacy has been demonstrated against a wide variety of m“w:
as some platyhelminths and Giandia sp. Although generally safe, MWOE&B




LU

ars

class, notably albendazole and febantel, are potentially teratogenic when W
carly in pregnancy.

The tetrahydropyrimidines have been used as anthelmintics since the lm“
include the popular dewormer pyrantel. which is available in several differcat d(ﬁﬂ ;
as well as morantel tartrate. Afler administration, these drugs remain in the
gnslminl:sunnl lumcn and thus are not offective against tissucs stages of helminths

1 that Jead to spastic paralysis and subsoquent
expulsnon ol' pnnmes Efficacy “has been documented against a vanety of nematodesas
well as equine tapeworms. The safety profile of this class is excellent even af clovated
doses.
L isole is an inud hiazole that also acts as a nicotinic acetylcholine agonist; :
levamisole has a marrow safety margin and overdosing can Ind 1o M

d. Other

symptoms, particularly when animals are debyd: i or
that bind to acetylcholine receptors include P d, an ke & =
and & 1 a by p gol Bwlhnxn[\vumskadmm“ i,

gastrointestinal nematodes and are marketed for sheep in some arcas. Emodopaide & &
cyclic depsipeptide anthelmmntic developed for tresting hookworms and ascarids in cats
and dogs. The drug paralyzes nematodes upon binding to lactrophilin-like rocsplon.
Closantel is a salicylanilide effective agamst adult and immature Fascioks Aqpasion, some
nematodes, and larval stages of some asthropods. This compound &5 3 potont axkdstive
phosphorylase uncoupler and toxicity has boes reporied m ruminants at both standasd
and elevated doses
Melarsomine dibydrochloride is an arsenical compound with 3 namow thorspestic
index used to treat infection with sdult Derofilarsa svmaiis in dogs. The srseak salt
reacts with sulthydryl enzymes resuling e parasite death. Injections are adminstond
deep in the cpaxial muscle and both ingection sitc resclions and SySIomic freactions oas
occur. Reactions are most common in dogs with high sumbers of D iwmitis. Due 10
toxicity concerns, melarsomine diliydrochlonde should not be used m dogs with reduced
Tiver function or in cats. Less commonly wsed dewormers effective agamst nomatodes
include piperazine, which disrupts GABA seurolransmilions i ascands icading 0
neuromuscular blockade. dichborves. 2n vrganophosphate Laboled against gastrointestingl
nematodes in swine: and hygromycin B, an antibiotic fod 1o poultry and swine that s
controls intestinal nematodes.
Somnndsduumves are oaly cﬂnm\c agamst cestodes or uem.mu& Mﬁ
The

g 1 and ep 1, and the by
i 1 act by b permeability 10 caloium rosulting in
d ion of the and § te paratyns and have wide efficacy agamst o

mdllmwmummucu(oda-ndummmyﬁu
compounds 1s excellent; high doses can be used extralubel when necessary. Clorsulon iy
pmnuﬂyuxdmananwlah.wmamnuk but avalabiity s hited wn many
intics also are available. For example. a macroolic

b le, or hydropyrimid with broad spectrum nematods
eﬁaxynaybe bined with an isoquinol effective agunst costodes. These
formulations provide efficacy against a broader spectrum of helminths and facilitae
n:ofmhmmmumplcambdmmgmpsmmwnum“‘»
action are combined 1o enhance efficacy against resistant nanatode&
Sehmolformmmmnwnmnn,, of p 5%
used. Examples of i i mmmmmm-
equine small strongyles and rumi ngyles; to macrocyclic

Sl s
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lactones in Dirofilaria immitis, equine ids, and ich gyles; and :
resistance to pyrantel in canine houkuomu and equine small strongyles. Strategies to
delay selection tor 1 > focus on 2 refugia, the portion of the i

population not exposed (o an anthelmintic and thus not subject (o selection pressure,
along with pasture and animal management strategics that reduce the o
anthelmintic use. need

Arthropod pests and disease vectors are fled by 1 ani-
mal treatment, or a combination of both wies. As with anthelmi
decisions may be influcnced by 1 activity, production loss, and wal for
zoonotic nisk. Selection of an approp d is infl d by perst route
of application, safety, and resistance. Trs gitionally control of arthropod pests was
achicved by topical application of short-acting compounds. However, in addition to
topical application. many modem systenic insecticides and acancides may be adminis-
tered orally, transdermally, or by wjection, and efficacy persists for weeks to months
after treatment (Table 7.3, Table 7.4). Products should only be used in accordance with
regulatory requirements. In the United States, it is a violation of federal law to use EPA-
registered pesticides in & manner inconsistent with the label. Pesticides approved by EPA
for one host (e g, cattle, dogs) should not be used in another host (e.g., horses, cats).

Tsoxazolines have persistent efficacy against fleas, ticks, and other arthropods. First
introduced in 2014, members of the dass mclude afoxolaner, fluralaner, lotilaner, and
sarolaner. The compounds are admunistered by the oral or transdermal route and
provide systemic control agamst fleas, ticks, and mites in dogs and cats for 4-12 weeks
following a single admimstration. Efficacy is achieved through inhibition of arthropod
GARA/glutamate-gated chionde channels. While isoxazolines are considered safe and
effective, the class has been associated with adverse reactions, including muscle tremors,
ataxia, and sewrures, 10 some pets and should not be used in patients with a history of
seizures

Fipronil, 2 phienyipyrazole developed in the mid-1990s, is a GABA chloride channel Y
antagonist effective aganst fleas. hice. mites, and ucks. Although safe for dogs and cats,
fipromil should not be applied to uums M.«:nxyd:c hcloncs (see arher) lke luvz

ORI

agaInst & variety of ar
ees of this class may be effective .tga.mst ﬂcaa ﬂw& lld. mms,mdneh"llh

njectable, oral, otic, topical, and transd d for rb is an

ovadiasine msectcide that, once ingested and metabolized by insects, blocks inseet

voltage-pated sodium ion channels. Indoxacarb has efficacy against eggs, larvae, and

adult eas. some formulations are combined with permethrin and thus should not be
applied 10 cats (see below)

Neomcotinowds were first developed in 1991 and are widely used to control plant
pests and fleas, members of this class include imidacloprid, dinotefuran, and
Neonicotinowds are agonists of insect nicotinic acetylcholine receptors (nAChR) and
have rapid efficacy agamnst fleas and other insects. Spinosad is « macrolide that, similar
{0 neonicotinoids, activates nAChR but at a unique site, leading to paralysis and death
of fleas and other arthropods. These compounds have high affinity for insect receptors
making them very safe for usc in mmuuh And birds. Topical neonicotinoids are often
formuiated in combi with pyrethroids (see below) for efficacy against ticks, as




Teble 73, ( routes for
ln smal anlmnh and primary arthropods targeted
M-‘
Pyrethnaspyrethoonds
Mcthopeose, pynpeonyfon
Topical Oc-apimal sprsy.  Fipeoail, pyrethrasipy rothuoics
wipe, posder
Dimovofuran Fleas on dogs, cats
Shampoo Pyrcchnaspyrcthroads Flcas, ticks on dogs, cats
Mcihoprone, pyvpronyion Flcas (munaturs stages)
on doga. cats
Dip Pyssthroeds Floas, tcks on dogs
Cullar Ameurar Ticks on dogs e
Dicicasacthnm Floas tacks, flacs on dogs B
Inadachoprad Nt Fleas ucks on dogs ool i
Moboproat. Py ngvosyics Vioas ummsioe stages) s
o2 dogs, cets .
Spot-on Dimotefaras, fiproad, imsdactoprid,  Floas on degs, oot
mdorgcarh pyrcitaveds
Moopeenz, pyrgwery oo Floas LRI T Slagin)
oa dogs, coy
Fipooasd, precchaonds Floas teks on dogs
[ Flies vn dogs
Sty sk Flss on cos
Systemic Onal Nucppam spuscead Floas ca doge, cats
Adoaodaagy, Pevalams, bocdanct, Floss ks on dogs
e
'
sfomsrva l::::.‘.. Magen)
Transdormal Mot slimocssn nm s, ticks on doga,
Presatancs, vasodaser ﬂu-. muu“m

3 -wgpdmihudm“hmmm s o o 1 G o e, ey omaut bl

well as insect growth regul: like methop e

nlhllhmudcvulo{manoﬂknmm‘mmmm l‘m-ndm
les of insect d hibitors that distupt chitin mchn-alm :

dwdopwdwmnneﬂa.\ While neonscotmonds have an excellent safoty profile

mmmmmbmdwxmmmhrlnshxmh!mukuﬂdu‘
Pyrethrins arc natural b ds first isolated from O h

Mhmmme 1960s and provndc shon-amng control oramwm

b
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Common administration routes for insecticides and acaricides used
in large animals and primary arthropods targeted
route & o

Ui

Environmental Pr:v;:'ﬂ-»- Pyrethnns/pyrethrowds, on premise:
Granule Lmdaclopeid, indonacarb, Flics on premiise
pyrethroids, spinosad
Fly strip Onganophosphates, pyrethroids Flies on premise
Topical On-animal spray  Amitraz Lice, ticks on cattle, pigs
Oa-animal spray,  Pyrethrinsipyrathroids, Flies, lice on cattle, horses
wipe, dust organophosphates
Back rubber Pyrethrowds, organophosphates Fhies, lice, ticks on cattle
Ear tag Abamectia. pyrethroids, Flies, lice, ticks on cattle
wizanophosphates
Oral (& fl Flies (i
R stages) on
C Flies (i tages
cattde
Macrocyclic lactonss Lice on cattle: grububots
n catthe, horses
Tajectable Macrocyci lactaacs Lice. mutes on cauy S
erubs in caitle i
Transdermal Macrocyohic lactoncs Flies, lice, grubs, mites on
cattle

o species: abways cousult label prior

s bated ey et be agyeowed o safe bt wse e ol

persistency of different formulations varying from as short as 1 day oRiraR o
long as b or ¥ months (delt (! and PR dnpm

dogs and cats, respectively ). Products are ded for application to th : o

directly 1o animals, and on-animal formulations often repel and kill i papics :
I'\u-m';nn have an excellont safety profile and can be used in all ages of ani Whey g
labe! directions are followed, pyrethroids are also safe but caution m:‘"’-‘llll tapsihess

avoid applying tughly conceatrated formul of some hroids, most

permethnn, o cats. notably

Oeganophosphates (¢ g, coumaphos. diazinon, dichlorvos, phosaet, pirimiphos. and
(etrachlonvinphos ) were first developed as insecticides in the 1930s and 1940s; carbamates
okt st

(eg, carbaryl, propoxur) followed in the 19505, O P
\nhibit acetyicholine esterase (ACHE) by binding (o the enzyme et
respectively. Pr t use includes flea and tick collars, puwda;, sprays, and dips for
small anunals: ear tags, sprays, dusts, and rub-ons for fly, tick, mite, or lice =
cattle, sod adhesive fly strips or sprays for environmental arthropod control; the
compounds may be used alone or in combination with pyrethroids. Mammalian toxici
with organophosphates and carbamates results w some combination of dj, -
unnation, MIOSIS bronch S dia. cesis, lacrimati £ dmthp Vg

referred to by the muemonic “DUMBBELS"; atropine is used to block overstimulation

e

due to cither class while 2-PAM is used only in orga toxicity to

inhibited AChE. Lean animals are particularly ible to chol inhibition,
and use of these compounds should be avoided in young animals, cats, sighthounds
(eg. whippets, greyhounds). Brahman cattle, and some other cattle breeds (eg.
Charolas, Gelbvieh, Simmiental). Due to human safety concerns, on-animal use of
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hosphates and carb is often avoided, particularly m animals likely to be
I\lnd.lcd by pcaplc (e.g., dogs, cats, horses). Ami s a for app d hu
in dogs, pigs, and cattle that acts as a oxidase inhibi

Dog
labeled against mites and ticks: food animal products are labeled against lice, mites, and
ticks. Due to safety concerns, amitraz should not be used in cats or horses.

PROTOZOALT £
Protozoal infections of animals are treated with 3 variety of different drugs, many of
which are not label-approved for that application. For some infections, such as coccidia,
environmental sanitation to lmit wfection is as important as effective trestment ot
preventing disease. Not all compounds are readily available in all countnies. Care must
be taken in food animals to avoud residuss that can areate human health nsk. Safety
concerns exist with some of the antiprotozoal treatments discussed.

Soime b Jazoks (cg, albeadapole, fenbendazole) and p
(febantel) have efficacy against Giendis sp. by proventing mmnmmk formation.
Fenbendazole is label-approved to treat dogs for glanduasis in Furope and is safe 1o ase
in pregnancy: fenbendazole i also safe m cats. Febantel is terstogensc but also effective
against Giwdio sp. Both comp ds must be sd ered for st loast 3 consecutive
days with fenbendazole treatment often coatinued for a wock or more. Albendassle
may cause aplastic ancmia in some canine aad fehine paticnts and, because altormatives
are available, should not be wsed for protozoal trestment in dogs and cats. Tesidecard
inhibits nucleic acid metabolism i some spreompiersn protozos and has bees wsed 1o
treat babesiosis, hepatozooaosis, and cytsunzonoss, although stovagone and arithee-
m)un combination therapy i pm.ams for Bohesta gohsoni and (‘n-ra-ﬁﬁ.

‘ T Y

with glycopy Pne IS 1o nded in debil d or young

ammak
Anub(oucs\mhdﬁan agnnsl protores nclude clindsmycin, the dazok
g, idazole), and the self ddes. Clind nwa

lincosamide antibiotic used 10 treat clinical toxoplasmonis in cats und dogs. Although
metronidazole is somewhat effective against Giarda sp , lcnbeadarole (sec sarlion) i
considerod both safer and more effective for treating camine giandiasis; side offocts
reported with metronidazole include weaknoss, alanis, tromons, and scizures. Romidasole
is used in cats with diarrhea due to Trirachomonas foctus. Trestod cuts may develop
nﬂuologc signs. Benznidazole is used for tresting dogs with Chagas disease due 1o
. The dazoles are pot FDA -approved for s IR my Velenmary
spcanmddxouumbeused in food animals.
Sulfo are antib lable since the 19308 that arc commonty used as
cocadiostals.  Common  sulfonamides include  sulfadiavine,  sulfndimothoxine,
sulfa ine. sulfamethazine. sulfameth 'andﬂflq—-nhnluu

oonpemwemklbwo-solkﬂ-cmd,"‘ hogen growth and
These pounds are often bined with p 1 such ax
i thami im that inhibit a subsequent step in folic acid

synthesis. Sulfonamides are also used to treal equme protozoal myeloencephalitis
Adverse effects associated with this class include crystaliunia and keratoconjunctivitis
sioca, as weli as by hepatic and ancrua. Resistance to
Mmmmngwuspp. i
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A number of other compounds also are used as cocaidiostats. OF these, only ampro-

lium also is approved for t of cocadiosis in cattle and chickens in the United
States. Amprolium comp 1y mhxbm hiami ity can occur due to over-
dose and is treated with thig i ril and dicl.

are triazine antiprotozoals that are \:n elfective agamst coccidia and some other api-
complexan parasites. Toltrazuril is app d for of idiosis in v.‘aule and
sheep in many arcas of the world, while p 1 and diclazuril are app d to treat

equine protozoal myeloencephalitis in horses. Ponazunl is commonly used extralabel
for coccidiosis in dogs, cats, rabbits. bearded dragons, and camelids, and for Hepatozoon
americansym i dogs. Diclazurnil 1s an approved coceidiostat in poultry, Clopidol and
decoquinate are quinolone or quinolone-like coccidiostats effective against coccidia

sporozoites. Nicarbazin and robenidine are synthetic idi used in chickens.
Tonophore coccidiostats have been used Since lht ud\ l970a and w.lude lasalocid,
narasin, sali in, and are ly used as

growth promoters but also have efficacy as e by inhibit A
function, These compounds are widely used in cattle, small ruminants, and poultry but

can be fatal when inadvertently fed to horses or birds other than chickens.

Alternative parasite treatment strategies are occasionally promoted, but only products
approved by FDALEPA, or similar regulatory agencies have been confirmed 1o be safe
and efficacious. Feeding some types of high-tannin forage and administering copper
onde wire particles (COWP) to small ruminants support control of Haemonchus
contortus, but should be used with care to avoid M\use effects. Boric acid can be used
to desiceate larval stages of floas in the ing fiber and probi

has been shown (0 support resolution of clinical mscuc in dogs with diarrhea due 1o
gardiasis when combined with an effective uuupnnolﬂ!ll!‘“l Garlic products, herbal
dewormers, pumpkin seed, papaya seod. apple cider vinegar, vitamin supplements,
peppermint oil, brewer's yeast, and other home remedies have not been shown to be

effective parasite control stratogios.
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CHAPTER 8

Presented below are seven challenging cases in d logy. Case

are based on nformation and specimens provided 1o the velerinary diagnostician.
The answers o these diagnostic dilemmas are available on the accompanying website
www wiley com/go‘zajac/parasitology to this volume.

Diagnostic Dilemma 1

A 2 Sayear-old neutered malke. indoodoutdoor American bulldog family pet presented
in Scranton, PA for an annual wellness exam. The dog had been dewormed monthly and
was curtently on prevention for heartworm, itestinal helminths, fleas, and ticks During
preparation of the fecal Notation, the veterninary technician noted a small {~5 mm)
orgamsm i the fecal matenal and suspected it might be a worm of some kind, What is
the identification of this specimen?

1 observed @ (he Tecal material of a dog. The specumcn was spproxinately S mm in
sy ol Dy Maagandan Legeune. Animal Health Diggnostic Center, Comell University,

v Niath Edition. Aaae M. Zajac, Gary A. Conboy. Susan E. Lie,

an Wiley & Sons. Inc. Peblished 2021 by John Wiley & Sous, Inc.
ansoa website www. wiley.com/go/zajac/parasitology
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Diagnostic Dilemma 2
A4-yw-old mued breed: nculemd male dog was

gen on a well-valid ! test
mnwopwummuonofanxmemmx \!v‘hokuooduumbmtudfum
ml,wh;ch (i d the p of Direfilars mmmuoﬁhnnlnidmm

uppmance.m:.andmueuuunmg(h;sx‘ 8.3).
Whllulhcmhkdyuﬂammfw:mmcbanwmuummﬁﬂ“ )
of numerous Dirofilaria imsmitis microfilariae in this dog?

Derojilaria dmemstss macrofilanas reooverod an Kaow s wet (rom an sdoctod Sag The idontificaton
amuw»umumnm:wnum‘«mu

an-.‘hlﬁmmed. D

mucrofilania will ln-l-
Mu-—wma&m.—mns.uu-w



DIAGNOSTIC DILEMMAS
Diagnostic Dilemma 3

A horse owner with 6 pleasure horses read about anthelminti d 1

ous to know if the dewormer in use on the farm was stll effective since it had been used
exclusively for several years The owner collected a fecal sample from each horse,
dewormed them and dropped the samples off at your hospital for quantitative egg
counts. A month later, the owner collected a second set of samples and had those evalu-
ated as well. The results are shown in the table below, The minimum detection limit of
the modified McMaster test used to perform the egg counts was 25 eggs/gram. How
effective was the deworming treatment?

Preueatment egg count
20
o0
x 10
Sumvon <25 (noae seen}
Thea 3%
Sammy 175 !
Diagnostic Dilemma 4

A o-year-old spayed femalke German shorthaired pointer used for hunting in Virginia
presented for a persistent cough. Results of centnfugal fecal flotation included nema-
tode larvae that could ot be identified because of distortion by flotation solution. A
Bacrmann test was performed and several live nematode larvae, approximately 350 pm
long, were recovered (Fig. 8.4). What is the identification of these larvac?

Nematode farva, 350 pm loug, d froi e -‘nuwﬁl”“"‘
clionic cough. The wset shows  higher magnification of tae tai of (he larva, Photo courtesy of Dt
Meqam Saleh. Virginis-Maryland College of Veterinary Medicige, Blacksburg VA.
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Diagnostic Dilemma 5

The owner of a l-year-old mt

sample from the dog after notic 7 )W 5 o ngula aped
structures passed in the Figs 8.5 The clic n a hobby farm and
the dog had freedom to ¢ ¥ C e oIty

What is the identification of these structures

Closer view
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Diagnostic Dilemma 6

ndoor-outdoor domestic shorthair cat was presented to a
le Creck, Michigan for lethargy and inappetance. An

bscess was identified o ahit rear leg and a bite wound secondary to fighting
was suspected. The wound was cleaned and flushed and a course of antibiotics insti-
tuted. During physical examination, a partially engorged tick was identified and
not associated with the primary complaint (abscess
the uck nught have transmitted any infections to

r-old intact mal

A 2-ye
inary practice in Bat

vele

the neck. Althe

removed {1

due to fighting), the owner asked
!

cat
The tick was examined dorsally and ventrally (Figs 8.7, 8.8)

What tick genus and species s this? What discase agents nught it transmit?

o from a cat. (B) Higher magnification of wrea vutined w black showing
e g aatenor to the aaws (wbite arrow). Photo provided coartesy
Univensity of Guelph, Guelph, Ontana, Canada
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Diagnostic Dilemma 7

An approximately 25-year-old, ¢ astrted « rale Arab horse spit a worm from his mouth.
The owner submitted the worm for ider ion \o other abnormalities were observed
with this horse.

The worm was approximately 10 ¢z
consisting of only the mid-body sectic
were many eggs (about 30 X 60 pm) m th
(Fig. 8.10).

What further testing could be done and what &

gth and appeared 1o be a fragment
adult { le nematode (Fig. 8.9). There
¢ uterus of the female worm ll'lgml

e diagnosis?

wiikd > s & v Figuse ooutasy of De. Yl

3

Exggs recovered from the fragment of
Nagamori, College of Vetcrmary Medicine, Ok

a horse. Figare courtesy of Dr. Yoko
1y, Stilhwator. OK
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abamectin, 98, 372, 377
Acanthocheilonema spp.

A dracunculoides, 210, 211

A. reconditum, 210, 211, 224, 225
acaricides. see ectoparasiticides
Acuaria spp., 166 .
Adehinaspp., 23 et |
Aclurostrongylus abstrusus, 24, 26,28,

43-45,74, 75

afoxolaner, 373, 376
Afiican blue louse, 302
African Coast fever, 230
African tampan, 298
Alaria spp., 42-45
albendazole, 98, 372, 373, 373, 378
alpaca. see ruminants and camelids




Ascaris spp.

A. lumbricoides, 147

A swm, 140, 141, 146, 147
Ascarops strongylina, 140, 150, 151
Aspiculuris tetraptera, 176, 177
assassin bugs, 195, 342
Atoxoplasma spp., 154
Australian paralysis tick, 288
avian feather mites, 268, 269
avians. see birds

Babesia spp., 286, 288, 290, 292, 294, 295
B bigemina, 228, 229
B bovis, 228
B. caballi, 228, 229, 250
B canis, 214,215, 245, 292
B canis eanis, 214
B. canis rossi, 214
B canis vogeli, 214, 292
B. conradae, 214
B. divergens, 228
B equi, 228,229
B gibsoni, 214, 215, 245
B. major, 228
B motasi, 228
B ovis, 228
B. traummanni, 229
R vulpes, 214
in dogs/cats, 214, 215
in horses, 228, 22¢
PCR test for, 245
in ruminants, 228, 229, 292

bovine, 228, 203
canine, 214, 294
equine, 228
Bacrmann test
described, 14-15, 75
identification of nematode larvac
recovered from fecal samples,
24-29.24-29
Balantidion coli, 140, 143, 145

benchtop fecal fk P d
benzimidazoles, 38, 373-374, 378
benznidazole, 378

Besnoitia spp., 43, 204, 205

B bemmerti, 204, 205

B besnoiri, 204, 205
beta-cyfluthnin, 376
birds, 154-173, 234-237, see also

Chapter 3, Arthropod parasites

black fly, 200, 234, 338
blackhead disease, 158, 162
black-legged tick, 280, 288
Blankaarvia spp., 277
bicod parasites, 207-238

birds, 211-213, 234-237

dogs/cats, 213-227

immunologic detection, 207

Evestock/horses, 228-234

MICTOSCOPIC examination

for namatode parasites, 209-212
for protozoan parasites, 207-209

blood smear

Gicmsa stain, 208-209

tochaigue for making, 208
tloodworm {equine gyles), 130
blow flies, 332, 333
blue tick, 292

body louse, buman, MM
bost-legged tick, 286
bast uck, 282
Bocphilus spp., 279, 281, 92

B anmilatus, 292

R decoloratus, 292

B moicroplus, 293
bonic aaid, 379
Borvelsa spp.. 288, 294

B anserine, 298
bots, 322
Bovicola spp., Y08, 309

B bovis, 300, 308, 309

B breviceps, 308

B caprae, 308

B ovis, 301, 308
bovine preputial sample collection, 192
bovine theileniosis, 292
British dog tick, 288, 292
broad fish tapeworm, 86
brown dog tick, 213, 280, 292, 293
brown ear tick, 292
brown stomach worm, 108
bubonic plague, 320




INDEX

Bunostomum spp., 30, 35, 108
bush tick, 294

Buxtonella sulcata, 108, 109

Caligus spp., 364

Calliphora sp., 332

Calliphonidae, 332

Camelostrongylus spp., 108

camels/camelids. see ruminants and
camelids

camel tick, 286
canines. see dogs
Capillaria spp., 369
Aonchotheca ( Capillaria) spp., 68,69,
12, 13
C. obsignata, 160
C serpentia, 186
Eumk;u ( Capiliaria )} aerophilus, 66,
67,069
in birds, 160, 161, 165
Pearsonema ( Capillaria) plica, IN
carbamates, 377-378
carbaryl, 377
carbol-fuchsin stain, 13
Caryospora spp, 134, 155
castor bean tick, 288
cat fea, 315, 316, 317 -
cats, 43-95, 193-195, 200-203, 209-227.
see wlso Chapler §, Nm
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Cooperia spp., 108

cypermethrin, 376

C. oncophora, 34 cyphenothnm, 376
larvae, 30-31,33, 34 cyromazine, 377
copper oxide wire particles (CO\V‘P). 279 Cystocumadus spp., 29
prophagy and spusi Custoisospora spp., 46, 47, 49, 64,
23,24 &3, 190
corridor disease, 230 C. buerrowsi, 46
coumaphos, 377 C camis, 42, 46, 46, 49
crab louse, 304 C felis, 43, 46
Crenosoma vulpis, 42, 74, 75 C neorivolia, 46
identification in fecal samples, 24, 27, C. akioensis, 42, 46, 46
27,28 C rivolta, 43, 46, 49

larvae, 27, 27,28, 74, 75
Cryptocaryon irritans, 347, 350, 357
Cryptocotyle lingua, 92, 93
Cryptosporidium spp.
in birds, 156, /57
C. andersoni, 106
C. baileyi, 156
C. hovis, 106
C. canis, 50, 51

C. parvum, 50, 98, 106, 142

C. serpentis, 182

C ubiguitum, 106

C. xiaoi, 106

in dogs/eats, 42, 43, 50, 5/

fecal flotation solution chowe and, 4, ¢

in horses, 126, 128, 129

microscopic etamination, 16

PCR test for, 245

in reptiles, 182

in rodents, 174

in ruminantsicamelids, 96-97, 106, /07,

127

scanning fecal flotation shides for, 7

stains for, 12-13

in swing, /40, 142
Ctenocephalides spp., 224, 262

C. canis, 315,316, 317

C. felis felis, 315, 316, 317, 318
cucumber sced tapeworm, 80
Culicoides spp., 136, 341
culture, fecal, 29-30
Cuterebra spp., 322-323, 324, 325
Cyathostoma spp., 164
cyathostomes, 130
Cyclops. 200

C swis, 140, 141, 142, 143

n cats, 4547, 46

n dogs, 44, 46, 46, 47

00Cysts, 17, 46, 46, 47, 64
Cyrauxzoon felis, 216, 217, 45

Daciyplogvrus spp., 360
Davaines spp.
m birds, 170
D progiotting, 170
decoguinate, 88, 379
deer fly, 236, 338, 339
deeor tick, 280, 268, 289
detamethnin, 378, 376
demodocosis, 249, 261
Desnodex spp., 249, 260, 260- 261
D. camis, 261
skin soraping for, 249, 261
Dermacentor spp., 228, 219, 279, 281,
290, 290291, 297
D albipicrus, 290, 291
D. andersoni, 290, 291
D nitens, 290, 29}
D. ocoidentalia, 290
D reticulatus, 214, 290
D. variabilis, 216, 280, 290, 290
Dermanyssus gallinae, 271, 272, 273
Dermatobia hominis, 322, 326, 327
du\]uanld, 98, ’674
methods, ’l" 242
diazinon, 377
dichlorvos, 147, 373, 374, 377
diclazuril, 379
Dicrocoelium dendriticum, 96, 97, 122,
123,152
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Dictyocaulus spp., 118, 119, 137
D. arnfieldi, 28, 126127, 136, 137
D. cameli, 118
D. filaria, 29, 97, 118, 119
D. viviparus, 96, 98, 118, 119
idenufication in fecal samples, 24, 28-29
diflubenzuron, 376, 377
dinotefuran, 373, 376
Dioctophyme renale, 193, 193
Dipartiella spp., 354
Dipeialonema reconditum, 210, 224, 225
Diphyliobothraan latum, 42, 4445,
86,87
Dipvliduam spp., 85, 87
D coninwem, 42-45, 80, 81, 310
Trichodectes as intermediate host for,
310
direct hemagglutination (HA) test, 241
direct smear
fecal, 12-13
Dirofilaria spp.
characteristcs, 21/
D imunitis, 209-210, 211
223,2Q
anthelmintics for, 374,
antigen test, 240-241
characteristics, 211
D repens, 210, 211, 225,
D striata, 210, 211, 222
tests for microfilanae in blood samples,
209-212, 222236
Dispharynx spp., 166
dog flea, 315
dogs, 42-95, 193195, 200203, 209-227.
see wlso Chapier §, Arthropod
parasites
anthelmintc administration routes, 372
ectoparasiticide administration
routes, 376
helmunth egas, larvae and protozoan
oysis, 42
t for selected g ites, 44
donkeys. see horses
doramectin, 44, 98, /141,372, 372,373
double-pored tapeworm, 80
dourine, 230
Dracunculus
D. msignis, 200, 204
D. medinensis, 200

242,222,

315

26,227

Draschia megastoma, 127, 136
dwarf dog tapeworm, 84
dwarf tapeworm of humans, 180

car mange mite (rodents), 252
car mite, 258, 258
East Coast fever, 230
Echidnophaga gallinacea, 318, 319
Echinococeus spp., 4245, 84, 85,87
E canadensis, 84
E. granulosits, 84
E ruulrilocularis, B4
Echinoparyphium spp., 168
Echimastoma spp., 168
Echinwria spp., 166
ectoparasite recovery techniques, in fish,
347349
fin biopsy (fin snip), 348, 349
il biopsy (gill snip), 348-349, 349
skin biopsy (mucus smear), 348, 348
ectoparasiticides, 375-378, 376, 377
adnunistration routes in large animals,

organophosphates, 377-378
pyrethrins and pyrethroids, 376-377
cgg-counting (quantitative) fecal flotation

procedures, §-12
mini-FLOTAC test, 9, 10
modified McMaster test, 8, 8-9
modified Stoll test, 11-12
seasitivity of test, 8
Wisconsin, Cornell-Wisconsin (double
centrifugation) test, 11
Ehrlichia spp., 278, 282, 288, 292, 294
E. canis, 292
E. raninantium, 282
PCR test for, 245
Eimeria spp.
E. ahsata, 99

E auburnensis, 96, 100101



Eimeria spp. (cont'd)
E. bakuensis, 99
E. bovis, 96, 99, 100-101
E brasilensis, 100-101
E. bukidnonensis, 100-101
E. canadensis, 100-101
E. caprina, 9. 102
E. christenseni, 99, 102
E. crandallis, 102
E. cylindrical, 100
E. deblieki, 142
E ellipsoidalis, 100
E. granulosa, 102
E. hirci, 102
E. intricata, 102-104
E. ivitaensis, 105
E jolchejevi, 102
E leuckarti, 126-127, 128, 129
E. liamae, 105
E. macusaniensis, 99, 105
E. nieschulzi, I75
E. ninakohlyakimovae, 99, 102-14
E ovinoidalis, 99, 102104
E. pallida, 102
E. parva, 102
E. pellita, 100
E porci, 142, 143
E punciata, 102
E scabra, 142, 143
E spinosa, 142
E. stiedae, 174
E. subspherica, 100
E. wyomingensis, 100--101
E. zuernii, 96,99, 100-101
in birds, 154, 154-155
in dog/cat feces, 49
in horses, 126, 128, 129
in rabbits, 174, /75
in reptiles, 182, 784
in rodents, 174, 175
in ruminants/camelids, 96-98, 98, 99,
104-105, 109, 115
in swine, /40, 142, 143

emodepside, 45, 372, 374
endemic relapsing fever, 298
endoparasite recovery, in fish, 349
Eniamocha spp.
E wmvadens, 182, 183-184
n reptiles, 182, /83-184
enzyme-linked immunosorbent assay
(ELISA), 207, 209, 239-241,
240-241
for Giandia, 52
for heartworm, 209
Epistylis spp., 354, 355
E colisarum, 354
E heoffi. 354
epanomectin, 45, 98, 372, 372, 373
epsiprantel, 44, 45, 374
equids. see horses
equine protozoal miyelocncephalitis,
378,379
equine piroplasmosis, 282, 20/
Ergasilus spp., 364, 365
esfeavalerate, 376
esophageal worm, 70
ctofenprox, 376
Escolews spp., 42-44, 66, 67-69, 83,
160, 187
E dispar, 161
E acvophiius. 43, 66, 67, 69
E bockeni, 66, 67, 69
Eurcpean chicken flea, 318
European shoop tick, 288
Ewytrema spp.. 94
E coclomatioum, 124
E pancreavicum, 124, 152
E procyonis, 92
Eutrombicuia spp
E alfreddugesi, 276
E. splendens, 276
cye worm, 202

face louse, 302
Fasciola spp.
in bile or pancreatic duct, 92
F. gigantica, 120
F. hepatica, 92, 96-98, 120, 121, 374
in swine, 152, 153
Fascioloides magna, 123
feather mites, 268, 269




feather picking, 158
febantel, 44, 45, 98, 372, 373, 378
fecal antigen test, for Giardia, 52
fecal egg count reduction tests (FECRTS),
36-38
interpretation of results, 38
test drugs and collection of
posttreatment samples, 37-38
test groups and selection of m.‘!’l
fecal exam procedures
Bacrmann test, 14-15, 15
direct smear, 12-13
fecal flotation, 3-12
fecal sedimentation, 13-14
benelits of, 13
ventrifugal sedimentation test, 13—14
Flukefinder® apparatus, 13
simple test, 13
identification of adult worms, 38-39
imm‘ 5 ic and molecular methods,

microscope use, 16-19
P“““"P‘““‘“MMM
found in, 19, 20-23, 24
free-living nematodes, 20
insect larvae, 22
insect/plant hairs, 2/

'I“'lll)‘mwnl 1518
stasned smear, 12-13




388 INDEX
flea tapeworm, 80 direct smear, 12
flesh flies, 332 in dogs/cats, 4245, 47, 52, §3-55
{lotation slides, 7 fecal flotation salution choice and,
flotation solutions, 3-5, 4 344
g /disad! of G bovis, 106
solutions, ¥ G camis, 52
magnesium sulfate soluti d G cati, 32
4,45 G duodenali, 142
Sheather’s sugar solution, 4, 4-5 G duwodenalis, 52, 128, 129, 245
sodium chloride solut g G intestinalis, 52, 106
: 4-5,6 G lemblia, 52, 106
sodium nitrate solution, 3, 4 of horses, 126-127, 128, 129
specific gravity of solutions, 3 microscopic examination, 16
zine sulfate solution (3394}, 3-5 & in rodents, 174
flubendazole, 373 n ruminanis‘camelids, 96-97,
Flukefinder® apparatus, 13 108, 107
flumethrin, 376, 376 in swine, 142
fluralaner, 375, 376 tnchomonads confused with, 50, §3
fly strike/fly blow, 322, 332 332333 trichrome stain for, 13
follicle mite, 260 trophozoites, 2, 12, 52, 55, 158
foot louse of sheep, 302 Gaemsa stain
foot mange, 254 for blood smears, 208209
formalin, 2, 39, 211 for fecal smears, 13
fowl paralysis, 298 w2l biopsy (gill suip), 348-349, 349
fowl tick, 264, 266, 267 gl fousc, 364, 365
fox lungworm, 66 Gliricoda porcelli, 306, 307
fox tapeworm, 84 Globocephalus spp., 146
Francisella ndarensis, 282, 295 Glossina spp., 232, 340

French goats see reounants and camelids
freshwater fish, 347-369 gotch ear, 282

freshwater white spot, 350, 357 Graphadaem sirigasen, 180

fur mites granng anmals, wohrigues for evaluas

heartworm, 76

guinea pigs, 266 von of strongylid nematodes i,

rabbits, 264 2938

rodeants, 266, 267 grubs, 322

Guilf Coast tick, 213, 250, 252 284

gapeworm, 164 Gyalocephihes spp., 36
Gasterophilus spp., 322, 328, 328-329 Gyrodactylus spp., 360

G haemorrhoidaiis, 328 Gyropus ovalis, 306

G intestinalis, 328, 329

G nasalis, 328 Habronema spp., 126, 136, 137

G pecorum, 328 H. mucrostoma, 127, 136
p,u]pmmdxum,lizs H. muscae, 127, 136
giant kidney worm, 193 Haemaphysalis spp., 230, 279, 281, 94,
Giandia spp. 52, 53-55 204-205

in birds, 158 H. leachi, 214, 294

s

centrifugation procedure,
cysts, 13, 42, 43, 47, 52, 53-54, 96-97,

106, 107, 126, 128, 129, 158

H. leporispalustris, 294, 295
H. longicornis, 280, 294, 295
H. punctata, 294
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Haematobia spp., 198, 199
H. irritans, 339-340
Haematopinus spp., 302, 303
H. asini, 302
H. eurysternus, 302
H. quadripertusus, 302
H. suis, 302, 303
Haemaioloechus, 189
Haemonchus spp., 108
H. contortus, non-traditional
treatments for, 379
larvae, 3/, 33, 35
morphological charactenistics of
infective third-stage larvac, 30
Haemaproteus spp., 236, 237

H. nettionis,
H. sacharaovi

emia, 190

hard ticks. see ticks, hard

harvest mite, 276

HA (direct hemagglutination) test, 241
head louse, human, 304

heartwater, 283

heartworm

76

microfilanac, test for i blood samples,

20212
filter test,
hematocrit test, 271, 211-212
modified Knotts test, 212,

)

210-211

&

somoides polygyrus, 180

hematocrit test, for microfilariae, 211,

21212

Hemitrichodina spp.. 354

Henneguya spp., 347, 358, 360, 36/
H. ictaluri, 360

Hepatozoon spp., 213, 213, 245
H. americanum, 213, 213, 282, 379
H canis, 213

Helign

Heterakis spp., 162, 163, 178
H. isolonche, 162
H. spumosa, 178
Heterobilharzia americana, 44, 90, 91
Heterodoxus spp., 224
H._ spinigera, 310
Hexametra, 187
Hexamitaspp., 158
Hippobosca spp., 336
H. longipennis, 336
H. variegata, 336
hippobosad flies, 236, 336, 337
Hirudinea (leeches), 366, 367
Histomaonas spp., 158
H. meleagridis, 162
hookworms
Ancylostoma spp., 36, 57, 64, 67
strongylid parasites, of ruminants and
camelids, 108
Uncinaria stenocephala, 29
hom Qly, 198, 799, 338, 339-340
horse fly, 338, 339
horses, 126-139, 198-199, 202-205,
228-235. see also Chapter §,
Artlwopod parasites
anthelnuntic administration routes,
n
belminth eggs, larvae and protozoan
aysis, 126
insecticide and acaricide
administration routes, 377
treatments for selected parasites, 127
horse tick, 290
Hoyer's solution, 39
human body louse, 304
human bot fly, 326
buman flea, 315, 318, 319
human head louse, 304
Hyalomma spp., 228, 230, 286, 287
H_ aegyptivn, 286
hygromyci B, 141, 374
Hymenolepis spp., 170, 180, 181, 183
H. dimisuta, 180
H. microstoma, 180
H. nana, 180, 181
Hyostrongylus rubidus, 141, 146, 147
Hypoderma spp., 330, 331
H. bovis, 322-323,330
H. lineatim, 322, 330,331

399



ich, 347, 350, 35/
Ichthyobodo ( Costia) necator, 347, 358, 359
Ichthyophthirius multifiliis, 347, 350, 351

bl as

kissing bugs, 220, 342

Knemidokopies spp, 248, 252, 253
Knott’s test, modified, 211-212, 222, 226

TFA (indirect fluorescent antibody), 52, Kudoa spp., 358
207, 241, 241
THA (indirect hemaggl ) test, 241 lactophenol, 39-40
imidacloprid, 375, 376, 377 Lamanena spp., 108
imidocarb, 378 lambdacyhalothrin, 376
immunochromatographic tests, 239-240  lanvae. see also specific parasites
immunodiagnostic methods, 15, 207, cal parasites, 43
239-242, 240-242 cattle parasites, 96
for blood parasites, 207 dog parasites, 42
diagnostic accuracy, 242, 242 wenufication of nematode larvae
yme-linked i rbent assay recovered with fecal fotation or
(ELISA), 239-241, 246-24] Bscrmann procedures, 24-29
on fecal samples, (5 sheep and goat parasites, 97
indirect fluorescent antibody (IFA). lasalocid, 98, 379
241,241 beeches, 193, 366, 367
indirect luorescent antibody (IFA) test, leg mange, 254
§2,207, 241, 241 leishmaniasis, 218
indirect hemagglutination (THA) test, 241 Leashmaania spp, 218, 219
indoxacarh, 375, 376, 377 L braziliensis, 218
InPouch™ TF-Feline culture system, §2 L chagasi, 218
insect growth regulators, 375-37¢ L. domovani, 218
insect hair, 2/ L. imfamiem, 218
i icides. see P cides L. meexioana, 218
intestinal threadworm, 72 L oropica, 218
ionophores, 379 PCR 1ot for, 245
Isospora spp. Lepeophiheirss spp., 364, 365
in birds, 154, /55 L. salmonis, 365
in reptiles, 182, /8¢ Leporacarus ¢ Listrophorus ) gibbus, 264,
isoxazolines, 375 265
itch mite, 250 Lemnaca spp., 366, 367
itchy heel, 254 Lewcocytazoon spp.
ivermectin, 38, 45, 98, 127, 141,372, in birds, 234, 235
372,373 L. casulleryi, 234
Ixodes spp., 228, 279, 281, 288, 289, 294 L. simondi, 234
L., smithi, 234

1. canisuga, 288
I hexagonus, 288
1. holocyelus, 288
1, pacificus, 288
1. ricinus, 288
1. rubicundus, 288
1 scapudaris, 280, 288, 289

Kalicephalus sp., 187
kennel tick, 292

levamusole, 38, 98, 141, 372, 373, 3%
hice, detection of, 300
Limguarda spp., 94, 95
Linograthus spp., 224, 300, 302, 363, %4,
305
L africanus, 302. 303
L ovillus, 302
L. pedalis, 302
L. serosus, 302, 303
L vituli, 302
Lipeurus caponis, 312
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PARASITES OF LABORATORY ANIMALS

Many parasies lose all apportusiy © oo
the day their hos becomes & member of 3 laboratory
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Fig. 7.88 Niooblsnes of i farestes of horsos. (Radvaw Yo Sopuess T F

n Osterresch, Wene:

intesting: tus may Jead @ complications with the ptonic

::nalnﬁnun-hm.-ﬂkmm

M:‘-ﬁ-—w(hd-u)—hnp.u

e malos: 10-35 ma by 10-19 mm). Reetvdy a@rc w North

America (ses Figs. 4158 50d 4.130). Aduls saqyst 18 nodsies in the

stormach wall. Larval migraton thaough the vcx sd other vngens 1o
" L4

can Gause a medscal
emergency.

Monatsoty $04) 193-230, 163

Sawaii twstiin
Nematodes. Nevora cow femuilos 518 om by 2300 man
males: 410 om by 223 mom) and T leowia (feoles: .10 o by

18-24 oo wales. -7 cm by 152 ) (Ascandesdes) e luge
reamn-colored worma (see fag. 4 40 Tomevard bas o ghonduler ven-
s PP e 57

" Al, wherons Tomascaris lacks this ghandulur sractuse
(g C). The vestrcubis & visible i transilluminated G spec-
mens uader the stersoscopic TIPS, 40d i fixed, cleared speo-
e undes d Lasge,

dassected o determunc the presenes
taad of mabe Taxocara is hnger-bike (-

or shuence of & ventricalus, The
8. whereas the il of inale
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‘nusbers of worms are prescat; animals ey bevuine cossosted byper
infections may occur, especially i assockstion with prodsclons
} v otdlabe G
{ {nfection in puppies nd may be an important cansiderdion ¥ arees of
the country where the parasite i endemic and sahclesmth
{reatments have not been used. Infictive larvae may develop within o
bost and lead to autoinfection by pesetration of the bowd wall w0
the skin around the anus; these larvae e carmed 1o the hings 0 cae
potentiate respiratory signs.
Trickinella spiralis (Trickinelloides) (femalea: 34 mas by 60 g
males: 1.4-1.6 mm by 40 jam). The small adubis s foamd Sevnlal
throwgh the mucasa of the dundensm s prodiuce “peciervas” S
enter the intestinal mucoss (see Figs 4181 aad 41821 Vemetiag o
smild diarrhea may result from these initial stages of sdoctisn. Proias
vae way sometimes be recoverad it feves
Cestodes. Tuenia pissforens, T hydengens, T evis, T. meclinps,
a0d T, sevialis (Taenisdac), Members of the geans Taems sox bage
wrmumm;hmnbwi-n—
o bength. These worms are cangsused of bamdrods = Sussends of
segn gotnds), which - 37 oo b B 14 s
in size. A simple way 19 Barrow down specics ieaadicanon of G
nilds involves studying the morphology sad murphemeuy of e
Jarge snd small houks through carehl dissexions (wang 3+ scpel
blade) of the rostellum from the scoler. Busic kmowiedge of S
umdwmtwndu-wwuunxm:_u
wmarphology and merphometry Wil belp maivow dowe spesics
dentification. For example, ) depucty tha resiling Baonitis o
a Taenia specimen matching o siks those cxpocted fos T posgiormss
s 1), POR identificanibn et also be wsed flr tucsind gpesica
confirmation. Adult tapeworms ¢ v oee abve Figs 490
440, and 4.47) typically cause po significant sgms but may o
awaer disgust
Edusecocons gromulans (2:1) ™ fong itk wp G s s
mens), E, mdnboularss (1.2-45 ma by with up %0 53 agesenns s
and other species (Taeniidae). Advlt tapeworms (s Fig. €49) caese :‘m el ::h:“;"c";u‘:[ﬁ- e an e Sl
o signiicant gas. i Edbsaiorcis 10 be expecied. the ssmessan cok apedeg-agngio s _;.‘_‘**‘_’J::»:‘»
lected during pecropsy tust be fon & —0°C for § Says befion Abaor w»hw»:hm.-:
oxsminstion and parssite colloction. Thas 1 dose to wmacowus o ientse of & Sag M
that are otherwise 20000t to husiss aad (aa kad o caabiatanet ROy,
o Torval (hydstid) tapeworm infectons.

Dipybaiums vasizam (2070 o, Deplepyiadnens (412 cm), snd
Jopenctiolis (6-50 cm} (Dipybidiadac. Typucally withous scal sgns
Do 00 secaboFiga A 461 15 7 BAL and 8.42), mmdexmaan
can rarely result B ERPACOB 1 VUG PUPPS.

‘Messcesioides spp. (Mesocestorddac). Adults wmeassse 30 1o 256 can

Typically, infecuon wﬁhn:-.mu\ma&md 'y
(seeFigs 454, 7 Gand o} rawling on the persanal

:qwmmmﬂmu-mume, :” :: ey -

gty 2 e 7 z‘l. »e

phuhs lass, S. d duc). The T e Caltas e i &

Sormer is the langes tapewesm of all (212 m), wad the batter uswaliy Taeag ke 2% s B

m—pnlﬁlfhtmqm_kmwu ey Ty et W Y ey

he marphology of the wterus. The stecus of D). datws is rosctis sheped T sy ma T .
iy ), wheveas in Spromoin mansonoudes, 4 the geaus Bamc —— o b .

sgers, & appesn el il nfection i vitbows oy gma bt | L ool
. sl s of tape b A oy £ FE -
i ~v‘,~“|"4,n0.11‘-3¢3‘md&¢-w X ) e sl a8 Zem way |
] “Trrmstodes. Al h Teos ey 3046 mae .
: Alaria gamis {3.2 s, Abaroa eichugoncasts (1.9 wuan), sad Alsras miarcs- Toump simisss B e o
anse (1.2-1.5 mun} (Diplosiamatidac) | ; sov also Figs. 432 10 St e e “v‘g
24). Adelt infections acc ypically ssympuorastic, but uemaluse (ukes e Py 9
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to the hangs and may cause signs, Larval fages caa be tranmited in
ilkvertally.

Nl Sl tisaYand A
sacc (1 mm) (Cyathocokylidae). These cpathoconids resermble
Alarst i having a balbous triboxytc organ but differ in not being
Airded o distint forchandy and hindbody regions. Infection s
asmptomatic.

Ehomachasmmus schwartss (2.1 o) (Echinosnnztidse) is 4 deader
exhissosomatd with & coller of spises surrosnding the oral sucker.
The parasite may cause severe enterits in dogs thatest ish.

Apophalius venustis (1.4 man), Coypéostle bngua (22 mm), and
Phageecks longa (12 mm) (Heterophiyndic). Dogs ingesting fsh and
scquiting . bigaa can have severe eaterits.

‘Hagioechis spp. These small (1.2 ) plagiorckiids have spindle-

- Soiies with el

e fo th veotral sucker.
Neomoploetus salmncola (1 o, see 7 see alto Figs 413
2nd 836) and Sellastyle mustelas (04 mm) (Troglotrematidae) are
i end pear-shaped, sespectively and b el

deveoped suckars. Namophyerss salmincola v host to Neoridbeasia
hetesathoeca, which causes salmon poisoning in dogs. Sigas indude
eerrhage enterits and lympbademopathy.

Acasthocephala. Oncicola s 15 wnall (14 xm) and spindle-
shaged (see Fig 4196). Macracenhorhynchus ingess i very loog bat
gy contract with fixstion { vee alio Fige 4491 and *
dogs sequire infection by ingesting millipedes, wah disvhes 31 the
coain clical s Identificyuon can be facitated by recavery of eggs
and exammation of the proboscis.

Protista. Flegeliatrs. Gaandia J rophosuites (921 pin
Lx:.s,:~1§pmwuk.}4;ntlu¢?mnmudﬂkmullmxmw
cem e vissuslized in scrapungs examined by micoiopy. Aucmblages
€ s D e specific for dogs. Diarrbes and voraitiag may uccut, 1y
cally in younger animals. Other infected dogs may or may pot have
g bt may have peviodically sof feces with & ful o, Cps are
attes excrsted without clinical signs.

Cocadia, Cratosaspons cana, . ohioensts, C. burows, H. heydor,
snd N camauem (Apicmpless) 0<y\s (o0t X sagle sporont wha
e i the focss and resemble the feline connterperty andsee

}. Schisoas, gamonts and oocyats 2y abo be found i histo-
s o mucosa sapngs Thee cocali case dumsge o bost
coterocytes ot e s ofin sabelinical, Vousg wamals s -
ocasuprermited annds s mosk o afcied. The i discdl s

2496 Macacanhesynchis nigans from 4 Gog. (Al Hooks o (ha
s probosos. 8 Fawd, poniresred, specimen. (Ql Unfed specman
oo s full ngth.




-_ cuarTER 7 Diagnostic Parasitology

i unbers of worms are present; anumals may becoime emadated: byper
infections may ocour, especally in asocistion with preduscione
establushes the

e 10 arces of

! iafection in Ay be
the country where the parasite is endemic and smthclounthic
treatments have not been used. Infestive lavas pay devdop withio the
host and Jead to sotoinfection by penctration of the bowd wall oc
the skin around the anus; these larvae are carried o the hungs ond o

through the mucess of the duodenwm aad producs “prdanves”
«ntes the imtestunal mucoss (e Figs 4181 a0d €182, Visuting o
mild diarrhea may result from these imial sages of infection Preiss
vae may sametimes be recovered 18 feves.

Cestodes. Tacnia pisiforous, T hydasgens, T ovis, T smadiucaps,
and T, serialis (Tacniidae). Members of the grous Tacses so lage

i length. These worms are
segments (roglotids), which indivahsally mickssare 3.7 e b 8- 14
in aize. A simple way (o narrow down species smaticanon of we
witds involves studying the i Waasme of da
large and small hooks thiowgh carehid disestace (wang & scalpel
blade) of the rostellum rom the scoler. Bosc knowicdge of the
umﬂwwmduawxw wuth vossclee Duwik
morphology 3nd merphometry Will Belp natmow dows spoccs
identfication. For cxample. # depicns the posteliar Suwits of
a Taemwa specimen maschingin 3¢ thse expecied foe T patrns
( ). PCR idenuficaibm Ay also be used fox taensd geca
confirmation. Adult tapeworsss sov alo Figs 438
140, and 4.42) typically Guse o SETcIK sgas but may o
awner disgest.

Echinovoccus geadona (2-11 mm long Wil & W v oy 3 :
oents), £ mudiiloders {1.2-45 190 kng with 6 43X sepmcen P, 7300 ”
and other species (Taemidac). Adult sapeworms (sex Fag. €43) camss B el mmearn v Rosishe homa on the ausectad
mm:pﬂaws.»uwhwkm_p B e
hﬂuqmwmb‘imnaﬁ‘usu»m
‘cxumination and parasitc collecnies This 1 donc to iactv: ey
that are otherwise 0onotic o bustas and G lead to etabiibuscos

f Yarval (hydatsd) tapewn cadecs
an), Dyplpylidum (412 om), and
withod 9

e o e e dactomn

Dippbdeicrs curserm (20

Mlvﬂm)lw"“ ). Typcally cimacal sogme

57 005 gee also Fige 459, 461, 74 ' 5%, 840,204 8.2 mbecuon

an PP

_"ﬁ-_-nmmm-p::. P aich R
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igns fsee Figs 464, 75, and " ). Seguents crawbing o the per ln-” = ;

'v--qmpumnimm»mhmmu h-“ :u :‘” e

D3 ol latus, 5. des (Duphiyblobosicidas | The Taens v can o oo fndoeg

forner s the dargest tapewun of all (2-12 mo and the laties wually Tauno sciem e . B

- based e . ‘-. i

faery Dsasaion % mm “--
e A »e ey P

e il ds of tapew donom. | e g 4 o

100 cvemens {see g, 4,30, 4.3, 40 434 and for g dail b | T s posp Bt

Tremetodes. Alri 5 oun), Al ) Towrme ege e ;.z: e

Adary i (3.2 3 as ) and P Thenia. e “
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10 the lungs and may cause signs. Larval dages caa be transemitted i
mdk vertcally.

sacw (1 i) (Crathocotybidae). These syathocutybds' resemble

shwartai (21

echasastomatid with 3 eollar of spines srrunding the oral sucker

ay
Apophallus vesusiss (14 mu), Cryplocotyle bngua (12 mon), asd
Phaguods lomgs (12 mrm) (Heterophyadac). Dogs inpesting i and
aoquring C bagua can have severe enteritis.
Hagusches sy These amall (1.2 wan) plagiorchis have geie-
staged

ne masstre of 2 o o necragey o i ke

Newnsphyesuo ssloucold (11 mon see [+ © 1 see albo Fige 413
ol 834) and Sellacotyle smotelac (04 mam) (Troglotrematidue) wre
d ad chaped, i d

deviped suckers. Nesoplyas sabmincla i B to Neorchrsis
btmrathsesa, which causes almon poisonung 11 doge. Sgns incude
[S—————y = o

Acanthocephala, Oncala cmes u small (14 wes) and spindle-
daped Luee Fig. 4158} Macracamtherkyncbis ingems 5 very loog but
oty costvact with #xation (0 e abio Fign 4091 mad <)
o et imiction by ingting lipeds, v danhes s the

-

The parasie
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ook e pecic e dogs Diarhen o
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showog iz 1l Weg.
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associated with Grataisogpors spp. isdiarrhies. which s wsually watery b
‘may also contain mucus or blood. Infections are self-berstiong

Sarcocysis crum, Sarcocystis ovinis, Sercocystis misscherass, S
cocystis bertrami, Sarcocyitts fayeni, und Sarcocysias hemuemslacramis
(Table 3.1 and | ) (Apicomplexs) have sexual stages in the s
coss, usually with no clinical sigos.

Cryprosparidwnt canis (Apmm.ﬂm) has minste stages on
the apical margins of the enterscytes that would be difficuds &
see without histologic sections. Most infestions are asymps
atic and occur in dogs less than & months old, ur in degs hat
immunocompromised

Cocum and colon
Nematodes. Trichurs vulps (Tnchinclloides) (45-75 mum bang)
« 3 see aloo Figs 4,188, 1 1, £.76). I sonall mesmberny, weesss.

are found in the cecum; in heaviar infections. worms &s sl Saed
with their anterior end embedded 1 the mucoss of the cobos sl
rectum. Most dogs are without dinical signs. Dogs o bew ligs
bowel dianvhes characteriaed by hemanachesia: mesus sad srsmsng
arc the main dinical signs when prosent. Diacries ey lead ®
debdration or pseudoliyposdrenoccrtcsm i @adceagel sat ke
dogs as & result of isotaic Busd low causing bypossrmm, metanals
aadosis, and hyperkalemia.

Protista. Entamacba histolytad aod £ o are crit-harmiog s
bas. Trophozontes of E. hisiolyra @y conian phagicytsed eyt
ytes and way cause amochic colti. atectan with the crpass
sevms vezy rare in dogs 15 the Usited Stases

Trickamornas spys. a0nd Freuinirachsanorias hesmsms so¢ o Vet G5
ing mucosollageliates. They can be fownd by exmamamon of s
and vall lyee i water, 50 saline solution prepacsiens st cogmeed
These infections &rc asymplomABE

Neobalansidium cob (iliste) {sew Figh 313 and * ) han cnied
colits in dogs aa very rare ocvauons, Tropbasus sre Lings | 5534 15
m longth, 2ad samictizes up to 2 20 pm) and fousd i G besae, o D
Targe bowel but may pvade the mas. This cames chaic of g &
vory ta 1 dogs.

Liver and

Nematodes, Toxocunt cams and T konmes (Ascandosden) v
vimes crratically ivadk the common bie duct e pasrcat dun caae
ing obstruchon of rupiere.

Fig. 7,102 Trchuns wiDis £OSISAOr €005 of Worms on the mugosd of
the cocum; The ntarcr porions of the worms are embedded in the
mucoss.

o | Coglisrnn) bpsaen | Trndunclindes ( e
dso Rg 878) & foced o the bom of dogs waslly as an madental
Sourepy Sadieg

Dasgiwenr sy (Daocsogiymasdac) adus {see Figa. 4.177 and

) ey st Semadves betwrrn e bver lobes and crade the
et of B oo Eggp of e porasie may alo b ot times found
e apaitd w the cuncritom o disrdwied w wnall nadules s the s

Nematode Mrvac. Taxocse s { Amandodes) can buve oacap-
scdand asva wadaly dseribated i adult anemals, expecially m skl
cons snd B baduen It dde @ v

Teamacwdes. Oochondas wrmusadi, ) voverrme. Clonmcles smon:
s Mmoo dlindes. snd M cpencs (Opushadhndec) @ beilc
Sacss fawe Ty €10 and 4195 afechons arc wsusly spunplom:
esbess 2 bioge W huasden i present, i whish cae sewet hepets
drdumtie s rosdt

Egge < HoaoritnPus s smer
o sgroanded by grapdamstons ro
St W T D el WRD bu
Fgs €35 and 4.29). Fhudng the vascular
sabma scines Gy tecass lage sumbcns of paved Subss Chwsd
g wt momgpeoth, sud ey uniude caaeiia bt g, woght S,
and davrhes Mumsaiuetas duc 1o bypon dhoms ead csivenns
of e Ty Be ovabcInnd Eadg g tim s

Catnds lorvae. Sihenncnias madiionsdors @ indatds imee
Figs 456 €51, 545, and 8.45) have boos svparted . dogs 52 Bwpe
st W Amacrus { Baopnats 6% sl bew o5 sun
e mad Thoug®s 1o B sk wid dogs Bt Dawe geeted wary
g samden of ogge S 60 adocied saaed (s o ) Thes
e ek bond P Sel e cawaiig o aon G W grom. wvading
B g 38 & Swmar Sk feduon, Clisal sygns sciade ebbming
Sacmmon, ascies, hapeaamegady, and ofhors. Fetditbes o s I
cndomac, ol 1 dags thal eve Gewded 1
e e ussdoed @ ¢ diftecoial ¢

Cavivabs Sarves Mirssesisudes Wi séinuades (ses Tugs. 847 cun b
e uied il s st vwsng b sackud mdapication thel
my W basacsiel Wil dearvice, hGununel Aubcumn, jean, sed
s

Neswstode Divaspbron ronss B gow iod wam (avdes
000 marn by 5 1L e maadeo § 40450 M by 6.6 ) (D
tpbysundac) bund w B petancd cevEy o mee pelv
wex Fg 6377 end
pecioncal conity, B Busd-stags Jarw
how wey b Bhe b whise Saey st 0 the fordh stag
-age ives gt oaveie Bha ot dastesal oy Dby st
el cagrnde & seruditer s W hrvie B porvnte

Nomatoden Sucdng  Lapsibnns tuctine 1o Dualhsde) ((eamalen
49 mam malos. 20.7 cum) ety cesee sneeting. Tggs U the ww
of pescat formales ace typacal o cupiiasids el cutsain o snaied
oy

camrnsen (
soc alew Fig 2.103). tunmnwmm.ﬂm-‘
discharge, pasal iTitation, 20d cpestans. laflemmaton of the nasl
cavity ey rosult @ the loss of the sensc of amcll.

Linguarse seriete (Pootestomida) (females 80-130 man, males:
18-20 aums long) (Fig, 2.139). Thesc arganistns are bloedsucking. woan-
ke porasites of the nasal araly and paanasal siauscs, The body = St



onssads S

o6l 1 the s sEEs of 8 330 8 neTTERy oty D e M kgl

st g duped. snd e wpen sgmented.
itk on e snsres eod of the paaRe
siom et repry st

ocad the

M

cingriondes’ (lermadey §-15
s 4124 and 4025, and
\iu meat 1 hawrcanon of te
oy e
ytaden) (see Fig Li15amd )
e mm by N80 g males
24 on brorshual and brencinalas
ool g ot choomsc cough. dyspucs, and

Seonchonien icrmsies 24 wvn
o o ) g amacuind vith mgra

that can be fatad.
M--—-Mhucmu .muh
are Jarge (30 em) worms that ocur
Mwhm-ﬂhn—ndh-d‘
"““"'-M-wma-u-

mu—u-n.,.,
"'.'?"""" hﬂﬂ'ﬂndhﬂm
—-ﬁmuh—hhmqm

Angueirengybes wisorum (Metastrongyloidea) MF..un
412 860 aad 501) eggs and larvae cause respisatory lesions,
it s @ e, Mwwmm

h.l—.,wa-ﬁnu

Ssongpades serceral; (Bhabbtordea) migrating Slaciform larvae
{ ) can also cause areas of ecchymotis and pesechial hemor-
shage hasghont the ung pereachyma.

A brariiense, and
wateiden) barvas (1 L)-ﬁ-n—au-_im

r-—u(wq-qnm_pn-
e |
)bx-ﬂm.ntn iy (Onchocarcidac) may diat allerge
Pt (v Fig 474).
Tramasodes. adae) (712 mm
lomg, 48 ram vade, 4-6 mam thick) (sce Fige A1, 415,and B loe
o fhab-filled cpets that wre ssrrounded by large steas of gramdaticn

o o fsactiom,

Aena g (1 10 several mm i ze) (Diplosomatidae) sty
flakes ougrate 10 the hangs and ciay cowse muggatiog tndks with
asampanyIng respirsiary agas (see Fig 4.23).

Ve brim

‘m—nm‘m)wf;uuwu
heart muscle G acute myocanitis by mjocudil ovson

‘F""M-&dmvﬂnm*
asce, sycope, lmphadesupatiy, pale wacows (embeines, Bess0-
e P e U e

the dertocardogram o ecnaed QRS complns and bt Bk

ayopethy (sec Fig, 1.3), and dogs can show sgis of weakncss, e
ntalerance, syocupe, venmicular tachcardia, and sadden desth. This
safection s becoming mare common o Tens aad other withan
statos ia the United States.
u—*w—m—u--ww
e, oight ats e
see dso Figs 4468, 4471, d 871 nml.n‘w—lil#‘
250-330 am by 1-1.3 rasm; males: £20-200 e by 00900 jm) Bve &1
the pulimonary artcrics and e dinical agns mdadive of cardiecy
mh&ddmﬂ-hh“ﬂ

e the sight side of the

uumﬁ,:—ﬂ&-ﬁ*”

of a ot Cans tupus.
2310 11 mm

octes comanung adult nemaodes
Courtesy Dr. Padring Daghan

oo m Vena cana syudorn, with
also ol cwiag te obstouction by adult wors.

Pepe—

AR——
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Fig. 7110 Dwofisng immins adults end mauced Wious sk of
the intma of the pUlmONarY SEry T 3 Gog W FelTRERT Ssedte
Photo courntesy of Dr. Joe Hostetler

5 mak wsdier

Angosmongio woonem (Metsorgiodss
(fulﬂci\ll&mnd&“ 18 mat than D seomtis and @ st =
wmd b wd

weeight s, subuistancous edcms du 13 g bt e nd b
damage, or coagulation sbaonualines. <

Taxacas canss (Ascasidoidea) larvas may be seoe2 @ @edli st

Thcdunella parals (Trichinclioided) may mgrate Sovagh bess
musde and tnate myvetis.

Mesesteric sod pantal vews

Trematodes. Howrobuhara wmarwins | Sbissssniide wx
Figs. 425 and 4.29, and 8.40). Adults ocrur in puars, and s dsaac
by the cggs thal crode their way though the mtsnsd macies ssd
cause granclomatous reactiuns i the lives or bowsl wadl. Miscrabas
o ssocsted with hypoalcomia and ogg celioaton may b o

dent on radiogeaphs.
Biged
Nematode microblariae. Doofleras mosits 10 A raovsdum
{Flarioaden; {are roughly 240 o 350 jsm 12 lesgeh. v .

Slaria amsmais microfilaniac (an fomain @ ok (00 yoan o
afer the death of the adilts and may be proaca 52 puppess £20 s3ien
Uon @ wicro. Thew cnnst Prow o sdulhood withow obigais
Frewih in e mosquito hort. In other goographic accaa aiis msccolt
baruae may be prescat

Protista. Rebess s {Apicomplon) (e Figs. 353 sad 354 end
Tags 5.13-5.14) will be soon only 2 necropay if blood fms ax wad
Clinical tagns of came bebesoss wchids P MEcusss SRS h-
v, e s

-m-dw
may b

mumﬁn S0¢ Fig, 3.4 30d 5.10). Examing hegei muscic
bisiologically for amastigetcs (scc Fig 8.11).

Gesmanls of Hepsatosoon species may b tound circulating withs
lukocytes within the blood siream (scc Fag. 5.11)

Skelotal Muscles

Protista. Neopora casimum (vee Fig, 337, Api exa)
causes discase mainly in dogs kess thon & months of age, which will
sBow signs of paralysis. The pelvac bmbs are more severcly effected
than the thoracic, and signs of progressive muscle airophy are
present,

Fepatacom e e has e stages o e s amsocsed
with chromic pin that with beopsies axssk m didgnosis (sex Fig 8315

Nesmstode larvae. Trudmedic sporss (Tonhsnelinden) (sce Figs.
AR - and BTT) wscally does mot sause cinacal sgis i dogs.

Amoiesome (anrtam | AT viostematosdea ) e s preset w
vacmeles @ whesds Thers with batke of wo evideni of host reaction
(ome g &

Cessectre Tisswes

m!“\-\nmwanmﬁ J
e wRwE sl @
cvidesst o cadso@ b :hmamwm-h—h
1t e . B pE Do and tehaTancs (0 Moy s ok

Nomaiodos  Awnrihetirwn m comdsime | Flanudes) | fomas.
2051 e By 446180 o smabes 917 mum by 92-406 jmml wathant
G sngs

Ivwetiiare smmase | Famnondcs ) (lomakes 250-316 um by 113 mew
e 130205 s by TS0 i) 1aee Fag, 4 165] magrery wags

nt ccanguan sdubs
Diacwncalies magrus (Sporacsle) (fomades 150 cm by w &

£ mman, Saaies = by 200y e -

O s subasanens andiles, b oy

i, wnd dwrsams wah aw wihiow sscodied oo Fames

Frp 3 911 Drecanin s racousrnd 1 Caw SEACEIN B A
2 . gy dess. 5. "9

> i« 698 -

&
Fog. 2.712 Dracuncuins insgns O Urosd $00500 8 0 lemale neme-
1008 1 B SUOGUIBNEOUS 1a5ue &f @ receoon. The twe el conds oo
adthe: 5ide of the Loty 3nd heavy 006k 4ne ventral musche bands sur
(GunSAg ThE Ve WDe PASEd Wil idi Ve 87 Gvedeest

RSN
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Nematode Jarvac. Tou idodes) ¢
arvar can canse ol lesons t form i the s Pt

wa cants (Ascan

ypicallyde

(Tnchindlondes)
5 um) csn be
suslly &0 B0t
pollakiusid

diam of the urinary blad
s, dogs o8 B

da)

gvae hove 08

Nesstades. Baplucancaris qpp. (Aaix

o camsed eaclogi duesse 11 &P

see Fig, 4168 <
the e B
pesit

Thelaza caliermacra (Speer

. se
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» (Rhabdnda) fser Fags 4429
o deroradis. The larvee are

stiag of Parasites of Cats

Csaae of asy bost aa sxiracelialar

@ oy {see Figs 235,
b forma-

10 the wtesimal mucosse of

(fagellate) & found
aly observed @ caty wfestad
y virus, fehne lewkemia virus, of
ats suffering (rom pagivitis i &

cintomée

crarien s Diagnostic Parasitology .

Sterrech ond esopdages
(Sprusida) (fmales -3

Nesaatodes. Grahossoms ergeram (
by 1-15 mex males: 10:25 man by 1-1.9 mm) (see Figs. 4138, 4.159),
with bead antached 10 stomach mucon, way muse gastne will

perforstion.

P prscpunalls 1ad P. rave (Spicusids) (P, pracpusialis -
fomales: 15-58 mm by 1-17 ma; maless 1345 o by 0.7-1.3 mox;
and P s - feenales: 27-41 man by 0911 sum; makes: 25-29 man by
00 ) 5 aee also Figs. 4.160 and 4.161; wich the anterior
cud sttached o the gastruc mucosa, may be diageaed cadowopically

richostrongyloides) {females: 0.8-1 mm by
40 v mddes: 0.7-0.8 mm by 35 pm) (sec Fig. L8} living i the
saomach vall of infected cats canses chroaic gustits that csalts
Somiing, evoncua, wright low, and pusubly desth.
it i

pemri—t

oy 08-58 my inales: 548 s by 5868 pm) (

o the priocus.
Smat msesian
Nemastodes. Tacaxard cat (Acanidardea) (femades: ¢12 o losgs
smalen 3-7 can by 11,1 am) { wand sce Figs 4149,
| infection s wauall without dlinical sigas cRept i wey ey
mmhmuml-mmudap_nd
s mdy be preaent.

Fig, 7.118 Pysaloplors praupiat .1 #omach of 3 8-

oestoe of 4 SR &t PEIOESY

Fig. 7128 Towces cie o 18
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Tenaswris bowing (Ascaridoidea) {females: 2-10 an by 1824 man
malest 2-7 am by 15-2 man) ( and ) infection 1 typeally
wthout

o
A tubacforme (Ancyl des) (femaes
mm by 380-430 pm; males: 9.5-11 mum by 306-356 ) (see hp
4.110,7 17, and 7 1) usaally couses no chinical sgas, bt cats sy
have weight loss, regenerative ancmia, and loose, tarry stooks, sod
infection has resulted in death owing to signaficant bhood foas Bruen
themndnndnnu:u
brazilense (Ancyk des) (femsades: ©.5-1 .Ur

anan by 220-320 pum; males: 5+7.5 mm by 190-279 )
cautes less blood loss than A ibueforme, sad cxperupensilly
fected kittens have maintamed unatfected red Bood cell paremstes.

Usecimra. (Ancybostomatoudes) (females: 7-18 o by
0.2-0.25 mm;: males: 5-9 mm by ~0.2 mm) (see Fags 4109 8
infections in cuts 1 the United States are very rase. No ol sygs s

Fig. 4.131). Infections are generally asympeomate.

Trichinella spisehs (Tricunclosdas ) (femades 34 mm by oF o Sadies.
14-1.6 o by 40 jem) (see Fig. 4.181) consses s ieterabie 8o wubd g
womtestinal upset. such as vorusing s davhes, matx bhaad Suctes

Asnchothecs (Capiiaria) putors: (Tnchinclionies -
present in the small intestuse and the somach May be ssmnssmed vk
gastritis bt s typically present withaut cinial sges

Cestodes. Tarnia aemuweformu (1560 on w bengh | (Tarmsdar
(s0¢ Figs. 439 and 4.41) occurs typically withowt signs. b rase cases,
inpactions have heen reported. Puuage ssd movement of wogmemss
can be unsighdy to ownes.

Echmacocess mesdtddocudarss (Tacasidae) (1 2-4.5 muss b waet o 0
=X segments) (see Fig. 449) scoun pweally withoot sges. bnfecums
would be of conoem B ownres hruse of By Rwnoons s ia

Dipytidives comison (307 ) (Dipylsdiadar} (se Fip. 4.59 0
481, 740 70, o, 841, and BA2) eccuns typealy Wit s

Mesacestordes dmeatu; (30-150 <) (Mesocestoadadar) (wes Fap

464,465, and ] ocours (ypically wthout sypis.

Spooacia dex (wp t0 1.5 ma)
Fige 431 w0 436, and )-phummu...-m-‘
disrrica, emaciation, o

vosmiting
Trematoden. Alorus marcmar {$ mum, Diplostomandac | (v Fag
4,22~4.24) occun typically withost signs.

R, 7921 Adus of Ancriosion basiense &b weved by o/3035apy
n the Guodesum of & cat.

Avphalin vemetns (14 mm, Hewmophyidae) occuns typucally
et mgas
Fhngoda image {12 . Heseropdiradae) oveuts typucally without

s

Mesphoms mibs 118 man, Cruthovotybidac) accurs typually
wahoud g

Acsmecephuds. Onowdla g (we Fag. 4.295) occar Typecdly
e wgRs

Bretion. Qunsagves fois, C vovedis, Bomons spp. H. e
s, and T gowdis (Coocdia) ( e aleo Fig 8.19) wages
aaw = Qu wasusce paihelam whot dun maght s aataRe
i pechagy Tdd disrrhes

Soxmcyn hengeds, S. smclla, S povcedn, snd S dpeven (Coc-
i) fore Tade 3.1 and ) onvur wah smedl sages @ S
s o and Wihowt o d B asaletatiie.

Wd]“ (e Fagx and ) wepbess (921 g g
545 gm wade. 24 am Shick) proscat an scnsad epehaiem wer
B Seweind i Tetaond) sURpUEs Gudi 1St 000 @ et el
e WIS sygie bt Sewrrhea et oot Asssindiage | apeaiic
for s

Orpingerabu tos (v Fgs 3 16 and Mg e
ol and sexud Sage o @ the kpaal parpas of i opehed ol
v ame ekl vislic vauly Vis botidagh snaons o b ww
i vt nges dthough sossandy § b suampennd by wsee
Giees

o

Namaioden Soemgieede wnchon | pa ot s
S » L g BbaRS | Sorans derge tusear ks wodvie i the
L ARG WA are Son ind oi deimanal plpEas e o frm
esin Gt
Drackers comgamais (lomaites 17-50 3 am by €30 pan; wiben
S mem by $00-360 wn) and Dutbwrs v omulos 48 s
ol ewckac. Soutt Ameus Trubmdlodes! (ws

Clssoesl sges how Dot been Sescyibed tos

S
s 4143 sud
lecuie 3 cea

Lo
e wieo Fag, B 70 Repiarss of ssevainn & cals 02 abe
Toma e com . Sicasadindon) drvas, g ombanas Toe Ng. LIS

Eromassodes (usthun b tommo iy and (1 tobsmens. | 38 s Qg
Awctascar ) o galdadde s bils duts o Mboly o wedinke Conriu
nabecyisitn, 3d B Grockgaincnl of oo wnd om e Siag W aa-
g pos el Maomis

Nssosbe aliedia (40 ) ol M uttiam o 6.5 i) (Ot
Chiadac o beke ducks art sasacssied Wit nierus end ctulangiibapat
s, aien, jeundice. sl CacS

432 o, ¢
mdh&u‘m-.au-*uu-u-u;dnnu

Fusanoetoscke complom (10 mum, Opesthorbide: ave 1 b
doce twe Fig. 41V

Clonaxchu sinemses (Asie) (10-25 suim by 35 mon. Opiaiharrchi
idac) {sec Fig. 4.10) vccurs in gelibladder and hile duces with
occasional pancresii duct uvelvoment causng progressve iver
curhoss

paltiad

: Jassowum (P 5 oun,

(wee Figs 4.2, 1 ocouss w Uopaa! dunastes i galthladdee and

bﬁdmuunqaanu.\«.mhu vomsing, depiession, asowd
darrhws, jeundice. and

Eutytema procyonis | um-mmmnnmdu occurs i pancr-

atic duct. bile ducts, and causng crrboss and pancrestis
aruply and Sbross |



el %N @ e
T VIR Fecies soe
wriodl for imfectines m cats.

(Troglotrematidac) (see Figs. .14, 415, and ' * B) ocsur in noduler,
typically hm-hmnﬂ-ﬂhﬁm*ﬁq
5 e 4o v

asiodsted with the fection.
Vascular Systom
B8t pod palnreary sctories

it (bemoltagellate) (see Fig, 811} amastigotes in
P Ly b FRRATY
s o muluplication and cell rupture.

Nemstoder, Dirilaria sromtis (Flarioides) {iee Fign. 4167,
U7 874 % K74 oceun in arteries cats very typically bave few
l—n-y'l:-ﬂnlm

h-n-whu'&-fr o o 4, V)

Tickonell spirafs :

mpests
Mo veims

“mm“ﬂ-*
35 ) (Schimasematidae) in cau in sowtheat Asaa (ouatoes.
I tiaas gppeat 1o be asymplosst.

el

Prosists. Cyanaancn folis (Thelevida) e - and
“ e

oy g o vl i et e, Cats v thow s of

—-ulr-qw—mhv.i-n-d-hr

s a0 By B4) oy prosics oo i o s s

et <388 i tber purts of the world.

Skelets! Mascles
nd k7).

Consective Tiseues

Tk arvac. Cuereia spp. (Digtera) (v 3w (s Fige 135,
8L a8, h @ L

Tricknelk

w sows of dark spives 2od hawe oo lrge black mandibles oa the
od

Urogeatal System
Lt
Tosoosra cams (Awandoda) larve, ramsdosass
(Fg 4158) (o ),

rury bisdder
| Nemaiodes fseners (Coplir) e W0 sy

br S48 o e 355 s by .64 pun (ioaden)
Plhef o iavesiplions :
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v ' ‘
< e .
Eye . o v v d v ‘ .
Pratista. Tuxsplasimu g an - ks
d retina, indocydits, .
cd pupillacy refl
s b x

n ophithaling

huas becn reported




muches, we rax

des K0-149 wam by

A in) and Gonprsncen

sades: 3341 rem by

e 5 the ssopigest

wacoss. Infocions ar

cophisissinam T,
wovatidac) (see Bign 412

asson ratend withs clumical Sighs

wogatuzany (e Fg
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Nematodes in the Ahomasum
and Small Intestine

Fig. 7128 Lasicns SHussd By mombers o the Omertagines. Wi L&
sans i the of s cow Ostern

og 8 Sevdar losans = the 03 gasn

< computrent of an dpess.
Photegrapn sourtesy O, Nary C. Sty i

Sansi ossine
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cHAPTER 7 Diagnostic Parasitology

aberrant parasite of ruminants, Jacks « ventriculus and produces o
Tipsoidal eggs with a wammillated sl surface

Catdle: Cooperia oncophera, C. peciimata, C. puncusta, . spasiess,
Trichostrongylus colubriformis, T. loaguspcularn, Newstodsis hutve
tianss, N, spathiger

Sheep and goats: Cooperia cwrticen, 1. colubriformss, T
laris, T. capricola, T, vitrinws, N. spashiger. N. fliceliss, N. et

Other relted host speciest Cooperns cursies, C. e, £ smmspbuons.
C pextinata, C. punctata, C. puwdentalis, T cobabeiforans, T bgesgacsdies:
T capricola, T vitrmua, N. helvetiaras, N. spshoges, N ficolis, N s
malis, N, lamceolatas, and N. batiws (Sonngbde: Trahownangriodes
typical asoated sign 1 heavy infections bs darches (
Fig 8.50),

Bunestomum phleboiomam (catile) (fensdes: 16-19 mm by 536
600 pim; males: 10-12 man by 476473 pm) 3ad & syprecplien
(sheep) (females: 19-26 mum; males: 12-17 men] (Asyhostocsatindon
(see Fig. 4107) are capable of causing sacmua i yousger o

e d

Siroapyloides vituhi (cattle) and 3. papillinss (st
(parthenogenic females: 356 mun. Rbabdiada) (see Fig 4
cause diarthea xnd anemia whet prescnt i largs sumbers. Newos
signs and sudden desth syBdroaes buve abw beess gt s
can be transmitted in ek of pervutanesedy

Aonchoshes (Capiilaria) bove (mandy camte, nmabar 1615 wa
by 50-116 jum; wnales: 11-13 mum by $0-75 pom) end Acnmhodbonss (Cap-
laria) brevipes (mainly sheep, females: 12 mmm by 60 pom madcs #-9
v by 50 jum) (Trachinelloides) ( ) ot willhhons smein e
with clnical sgns

o Gird- and farth stage bevas (Soong i
|anQl°lmd0l& 256 60 £57) i the o, Thons sz 30
= dgrsas. & by

{nfected animuals beading o charrhea aad wang

Cestodes. Morzas perss and M. desvdes:  Angboncphiaiaba
« g see abio Fige. 4.5, 4.56, and ) typacally eccer Wil &

clamical signs.
oudes, Wyomminas raom | Al
cally wocst with o climval sges.
Thosanuze, Slows, Aveirding Anophxcphaidas  &¢ Chss -
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834, 805 and 8y
wostern a9d Gal United Staten and n Hawai, Pasrty
Raco, Brtsh Codwobia. and castern provances of Canada. Fussals g+
grstaca (7 mam) 15 endenuc in Hawesi aod Afrca. Roctobides magos
{100 mum) ocowrs 1w foxi throughout North Amenca; resemsber hat
the final host 1 typically the white-tailed deer. The mugratory tcts
and lenons produced by F wagns can be marked % ouminsts
with large deposits of black “fuke pigment” often falal 1 smaller
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Protsstmongylar rufescons (Metastrongylosdea) The red lung worm
of dheep and goais {females: 25-65 mas by 150294 i, males: 1646
by 120-170 pm) {see Figs. 4.76 snd ")Hﬁ-u—ﬁ

by 550-370 pum; males: 3.0-3.4 mm by 360-380 urs) (. © \iand
ate 4100} Blood red worms of cattle. Male zad female worms are
fased 1 copela. they axe endemic in Puerto Rico snd various Carib-
bean iddands. These worms have 2 large strungydd baccal capwule.
If Large wembers arc present, coughing snd los of coadition may
be scen.

_h“u') hba-ummihqiﬂ-
g b

miong and coughmg may ocur.

Larval nematodes. Ovphagastmam chavdionum larvae (-
Fatic migeation) (see Fig, 4102).

Both T viulorim and A sum are capabls of causing and
have caused respuratory signs 1n cande during larval migration (ice
Fig. 046).

Castode larvae. Edvinacoaus gramalosss (aiidae) (see Figs
450,453,845, and £.46)
lung nsue Sevenity of respirstory signs depends o the number and
s of thess cysts.

Vasculsr Systen
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G T
the musacdes of vattle i the United States.

actsa vt | Tnemiidac) cyaicers ave found tn the vassoss imuades
of shep and have rocmntly dppesred amang shocp in Canads
( | Chical sgns are net prascat.

Antarws

asades shaeidert (dheeys, Placioaden) (femes:
60120 smrm by S60-590 pan; malex: 35-85 mam by #0-685 ) occurs
10 the ot Uit St Dese sgper tobe s morl s o
e mot clinically afecied. y

wih the pucrafisnas.




Blacophora poeli (catde; Filanoides) (femalen: 46-300 mum by
350 juw; males: 45-70 mm by 20 Jam) is 4n exotic infection
Africa and Asia. May Jead 10 arterins without sey sppass

5
Onchocerca armeiliata (catde; Filarioides) (females: 7
375 pm; males: 74-84 mm by 200-230 jun) © a0 ot @
Africa and Asia. Clinical signs are not reported

Vioing

Trematodes. Schistosoma 5pp. (Schistommasdse) (sex

mammalian bost range. Speces 1 catde, sheep,
bovis (Afiica, Asia, southern Earope) and § massh

result from heavy wisction with hose s Azemea sad
emaciation are scen in chromsally winted aumds. § wadt oo
smoring disease, in which severely affectnd animals presens weth v

s, profuse mucopurulest Rasd dishacge.

Lymph iedas
Peotastomids. Linguaiuls serrass larvas
Biecd

mte Fisnsn

icrublariac. Setars Lhuepep

Blaaphora schusesderi (shevps Fanaudes . Moy ot
matits of the face.

Protista. Babasia bigemana, B bove, B
Theilaria prientalis, T, parva, T s
morida) {see Figs. 9.5, 351, an
time in the United States. Infretion beads to ases

Trypanesora thedders (60-
length; cartle) (Fig- 3.3) and T ewlophagiam
(hemoflagellates). Rarely scen 1 blood
readily demoastrable by Moed cultese, bt arv ©
monpathogenic. There are dffercat pathogens:
congolensy and T evwusi that forvanately do w
America (Figs. 3.1 snd 2

Skelotal Muscles and Coanective Tissues

Costode jarvss. Tarmia sagonsta (Tacsdac) cpaticared ase
most fregueatly in the muscios of Sastacation, tengue, heart sl e
calar poctiaa of the diaphragm of car: scolex with fows suchers
0 hooks. Clinical igas asc aot agected

Tacnia yndatigons (Toemindae) (e Fig. 4.43) pticercs s so
tikmics found 1 sheletal tmasdes but mare cosumonly 0 I o o
‘peritoncel mombrancs. Clinical sagns arc nst axpecied.

Tacmia svis (Tacnisdac) cysticerci are pea-saied vevicles foued @ e
Bcart and esophagus ead beacath the epuardinm end dixphiaETain
Plewra of thecp and goats { ). Clinscal sigos are Bix expocied
aless Gyt s with OTgan faclos.

Insect tervue. Hypoderma bovis wad 1.
tidac) {sec Fig. 2.26) larvac overwuotes @ the
within cartle, with F. Bovis being in the spenal cassl
funs being is ssues sround the caophagus. Treatmwats resultns
desth of the larvee may incite infammatioa. which may in tura
el in acurolagic sigas, &iffinulty swallowiag, and bloai. Pecva
Lence of these bots has greatly decreasod; thus such eeachions arc a
Fare occurrence.

catum (Hypoderaa

Ondhocerin guamwress. O dienaln, O, bosss, and O.
pilnomi (Filarioides). Adult Orchocercs worms flemales: 140-350 man
by 200-600 pum; males: 8-55 mum by 72-190 yum) ace found in decp
conncctive Sissucs, wheress microfilasias ar prosent in. the derouis.
In Australian cettle, O gibvons produces codules in the brisket
that requise extensive rimiming We have sesn O gibsowi in corned

arket Adud pareanies sie of tow
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Inscet larve Hvposierass bovs (Hypodermatder) larvae m the
spunal canal of cattie May b associated with newrvog sgas.
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7 Diagnostic Parasitology

Annotated Host-Organ Listing of Paresites of Horses
Ah-nuv System

ln-nhnu. Gasterophilus intestinalis, G. musslis, and G asermeor
rhosdalss (1 : Gasterophilidae) ( 3 see also Figs 228 sad
227 to 231) larvae can be found in the tongue. i the inierdental
pockets, or at the base of the tongue. These larvae will be salier and
lighter in color than thetr more mature covnterparts i the gesros
testunal ract. Infections are fypically subcunical, but wflacumesson
hmlﬂlﬁlh‘n:wuﬁkmlmm assoasted pasa sd &
ficulties 1n cating ar swallow:

Protstan. Trichomonas quim...:lu (mucosuagdlate) is fosend
around gum margins of cheek toeth. lufectivn is ssympostic

Stomack

Newatodes. Draschia mepastoma, H. muscae, sod H. sacesome
(Spirurida) (see Fig. 4.165) arc found i the stomach, with B s
(females: 12-22 mun; males: 814 mm) aad H. mocrestvas (fessabes
15-35 man; mudes: 9-22 mum) being on the muco, and D mopasions
{females: 16-13 mim; males: 7-10 tim) i nodules at the mangs pxass
( ). Theic ¢ this site s not ssociated wih
signs, although there may be mcreased s sex
production of tumoc-like Shrotic sodules that mey o
necrotic matenial.

Trickastrongyius axei (Trichustroagrloidea) | + 22
by 55-70 pm; males: 23-6 mm by 30-60 n) (see Figs 478 and
4.80) infections may
proliferations and are ofien asocated with ared pastarags wab
catle.

females: $.2-

Tonsect larvae. Guaruphiius st (Digpicra. Casstcrophdatic
( v oee also Figs. 223,27 w , cven with thels apecalic
denagnation, src found i the stomach. May cause whiavation # Sus
site of attachment. yet infections are typically sebddsmical. Largs s
ben could impact performance.

Smalt saicsune

Nematodes. Ranticars aguonan and P snisden (Ascaradondcs
(fermales: 15-50 con by up 0 § ma, males: 15-28 o by 3-8 wan)
+and s 55) is seem in foals and in some aduit Do, B
young (3-9 moaths) borses withou! sufficient immunily W masies
oaly small rumbers of adult worms, lerge numbers of Mk wom
compete for bost outrienls and kead @ -tk poor ba cos

n‘nn Stomach of & horse showing the svagvment of bots, Gasier
aohits intesinale, and A hesion produced at the maige Phoats by an
whecton with the sprund Drasche megasioma.
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Sesemam i sovipiamecs sad ypedly sees aly S
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ot @ fuand s e dusde budeian
Alalivtann e Lber g i) b sewn of G
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L 0ige 1aieue

Nemusodes. Ot ageo (fosaes: 49150 man, smales: -1 o
and P vivipars {fomales 3 e axades: 2 nam) (Onvaride) (ses Figa
A1M W 4108 and Ouywris oguei | [pre=T—
scen becansc the females crew! ol of the anus The fomale’s bebuv
ior at the tuwe of cgy leying, end the matrisl with which aggs
ecosme adbered to the peruanal regron leads o tail rubbung Probss
muyr vevigaca 15 alinost pever seen e the fomale 1 smell and gives
burth so live yousg withua the wiestiae ) such fections
ore iapparent

Fagally Strongybdac: The horse u hast to sbout 80 gpecies heleng:
ing to the family Strongylidac, and as wmany & 20 different species arc
often found m the same horse.

Subfamily Strongrhoec: Stromgrus vadgar 0 34 mm), §
edentotus (6P 1o 45 wum), S aguinss (up @ 47 mm), Trodontaphons
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Periviteis (Anoplocephalidas) (up 10 80 s
3 by §-14 mm) (see Figs. 438 and :
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1 found maaly 1 the cooum; this tapeworm abu teads s chustsr
5 the tewm near the ieovecal valv, where it is vectated with ulees-
st 2nd chronic mdlammstion of the ilea val, intassoscepon:
and wik.

Tasext. Gasterophitus haemorrhoidals (Dipters Gusterophilidic)
larvae sometismes attach brifly as they make thetr way ot of the i3~
et th cheats ey

be assoxaated with discorfe, pain, and cobts.
e
Nematods larver, Porwacuris equonen (Manidoides) P':
ok th C-4

imgesiod. May cause focal

Serongric edexsates nd S. i (see Fige 849, 455 38d 471
494) will s thcogh the v for  period of eme bfore PO
caussg focsd

Costode lurvac. B aguinas (Thanidoc) (see Figt 450
m.mw.ummmmmw-mﬂ":‘_,’“_:

ly o i the Uit Saes T :

st ovxipying lesions and subsequent comproasse of organ FT¢
o 5 s g
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Fig 7.938 Memoors of the sublardly Strongvisiee Jerge strongyies! and Grmocephsis capianss ey
Svongylus fs robusis (NI21; Stongyus oqunus AL
Steongyius edentstus I3, Taodonipnoes 8. and GAN0Cophaks Capians Strongyias 5. doared
a0 mounted by ™o ghool MeRacYdle Meihd of F o @l A ghool memacviste embeddng
Techni for nemutods whole mourts Camed Vet 6221333, 1972




Cyainasiomun beiracanihum
Fig. 7937 Mandws of the subtardy O a0 loesad
TN veas & e beads 0 Coneronius consts (109 o, Cononychs catnatum (mdide 1oal, 73
Cremosiomum setacanthum (Dot iowd. A A3)
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Fig. 7.128 Members of the sublamily Cysthosiominse. Dorsovental (e, corssl sunace (senia. any igeal

(298 of the heass of L adletus (100 oW, G ‘adrotus (rruddhe row!. nd Cyacosiophe-
s Qo iboom . (Al X283.1
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Fig. 7.142 Memibars of the sublamily Cysthossomines. Darsoventral Uadt, dorssl urteca foenmed). 3@ lasmal
Laghd views of the heads of CYICOCYCIS R0NGATS (10D 1ows. THCICYORS nSgne Imaie owd, end Cri:
o uinmecias (bomiom 1owh. 1A x112)
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" Fig 7,148 Members of o susely d
Ctiosamree.
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Elacophara bhmi (Filarioidea) (1~ +°) is found o totimal wod-
ules of the wall of the aorta and other vessels. It is exotc 20d wwaally
d'-ﬂdlyinm

N-d: microfilanie. Setaria ejuina (Flaciosdes) Sesibed
microfilania (1 ¢ “ ).

Protistan. Babesia caballi (piroplasm) (see Fig. 3.52) and Theslors
equi conld be seen in fixed red blood cells. Fever, aneowa, s, aad
death have been reported associated with infection.

Skeletal Muscles and Connective Tissues

Nomsiodes. Trichinclia spiralis { Trichinclionded) Snt-siage Lirvac
hhwhwnu—wn—-m
(4 ) Infection
due 10 meat condemnation.

Onchacerca cervisalis (Filarioides) adults (females: wp 12 30 o= by
400 jm; males: &7 om long) arc found in suchal Bgewon (s
Fip &) Ovchocerva veticulta (Filariotdea) adults (fomalcs wp
70 cm long; males: p 0 27 cm long) e found s e cadons s

suspensory ligaments of the fetlocks. Infcctions s typecally sy~
mmmmﬂu—-&hh—m

ated with lameness.
s duans) (sox Tabie 3 1

Protiste. Soperi
and Figs 8.25, 3.39 and 3.43) occur a3 sarcovysts withia mcscle S,
Infection is inapparent.

Insect larvas. M—nm-‘n limcunon (Dptess. Hype-~
mu-—dmmmuu—*

Larvac invade the sentral narvows sz
miorfilsise. Onchocens arvwods sl O sl

Nowexsde
Mhn(ﬂp&gnﬁd-&b—n-

Urogenital System

Kidaeps

Nematode. Halephalobus gingivalis (Rasboiida) (nes Fig. £.57)
@ be found in yarious viser of the bosw o adelt femmeles
and larvac, with one site of infection fien heag the kndney. Grasdo-
mas and nephiritis huve been reponed awocted with @ivton
at this site.
Protistan. Klossiells equ (cocidian) (wee Fig. .48 aad Fg 8131
hﬁ:’-mw

Nemutode, Srsmpic doniains {Srongansc) wameiisae s
ture adults are present i vaginal tusas.

Nervous System
Brain aad spinei cors

o bave
"““"‘”’:,_.__“u -

{(see Figs. 4175, ead 788) can underge
"""“‘"’.......‘?-n--—»---

(Rhabditaudes) causes neurolog
Draschis irucds) (1 ) edult
megastora (Spiruods

ﬁhﬂ:l—l‘&w“w’

P 7148 Stumgie wiges far® wage e AW e mmetee
T e CPN B WO 3 s BT of Ve Sed e
ey F 8 N

Tmsozs Hupodeaos bers snd $ bessen gse s Hvpadame
b ey bune Lrves Ghdstgaung ST S eean @ B g
e Lol i METNS CaN vt Tt DEunthiga ke

Foetois Lgumta peveclost s gesa  Apuasgdens)
Semcocyuys mrwrons fuec Fgs. 340, 344 and B350 Osuses wewny
P T

B

Nonuiodo, Thiems lnnmake Sperwda) tomde. 1618 maw
g s 12 cnus Do) (e g, 4 106 1s Sonsndl 1 29 conmpunct-
vl i od Bt vl S Lidnan wr ol e wgRamet

e iy (o Fags 4176 %0 60%, ood  ©)

Muwmuq-——nh——-t.-
e oy

Sk aad Max
Bt Mame Sewnenss wad b ocebsiens [gae Musides)
fvoe Fags. 204 400 2451 Thous floca s e @ s and & cubiiinons

Soods o biond wisl s sorw 5 o s

Figpoboss agema wud Lijwparns seew (Dgaises, Higpibossidar
dwr b 268 are e bunds o Buwiace @l sy T samidie wilhs i
Hippeboacu agewna ienda b be @ tb Da Uuitied Yates, | jrpicns sevsn
ol dees @ comuman b Trtasatedy cndy ruiely %o o Iewaen

Gmseraphlus ndeanai, (o naselis, sl 3 Rebowe v it | p-
teva. Gasteraplibidac ) trseales will havwey wrsuaisd havens whils they by
thew cps ghaod bo hains,

Tabamss wad CNevvago sop | Diptors. Tabuasdac | taex Iugn 2 19 wd
211 vl entack 1 bright s Jang cacugh to st ¢ pantid bite.

Havmalopois asm (Anoplare) | ) suadking hor Ry ouuse

prasdw.
Bovioda ey | Mallophage luciuaacers) @ ) chowang lkr

iy caas pruritas.
Echuinophaga palhwaces (Sipbosapters) fase Figs 237 and 1
This; snick-tight fes of chickens may cuie dermiatitis fo hotes.
Nuiogs R Inee Fag. 1o%) s
g bugs may suck bload tram horses.
lnswct lorvas. Hypoderw bovis and H. limestwm (Digtosa) (e

Fig, 2.26) larvac acc found in the subcutis of the saddie ares and may
producc dncomborn.

|
!

:
:
}




5 Nt 170 white paarkie 5k cysts caused by
e e of ¢ ok Phom coumty e Salvdnn L.

g Lo e mohesbag, sesvd (ot b &t

dapicis. pde o aad osts yellow gaouls tus,
Provsten. Benesra spp. (Cocoudis) ey affet haries 2ad doa-

Tuancal msaseatstions are charactenized by small vodukes 0
incdudmg in the mente and pares, snd way be disributed
ghaei the hody see also Fige. 306,347, d 8.30).
“Scheral pearls” may aleo be appsremt in the eyes of affeaed
Aanstated Hast-Organ List of Parasites of Swine
’»wwnu,.a&.mm.umwwmvh‘-wma&w
o1 ktracellban tackaoncs or @ Weadypustes 9 po (e Fig 1280

i

oo ot auaphages
Nesatade lﬂ,bﬂm,&&mtw"m 015 <
o by 300500 . ale: 30-67 tmzm by 150-300 ) (s g 4162,
s 2d ) worms tracks ze 0k
wacated with chrucal masibatiouns.

Bl () oo Trichincladea! s 02 a the et
.nmu@._.“u”hémlqunmi

Senait

Neusatodes, Physciphilus scialtss (e 10-12.5 @ by 130-
450 o maales: 13 fum by 300 ) e Fig: 4.1l sdscareps irumgy
v (e 1522 mun by 350 s sk 10-15 i by 300 o)
Grathasioms hipedors {fomales: 245 man by 1525 iz, mades:
1535 by 1,22 um) e g 4158 and 4159), 20d Smemdsia
Pt (fopdes: 1$ ma loag ks 1215 aum o) (Sparunids’
Infections are oflen subcinkal. Neavy infections may prseat with
s and e

Byusctangylas rabudis (fomatles: 53 e e 47 mm) and
i&wnqu;m&whemw«)mn&w?mm
by 55 ) (Tnchostrongrkedaa) (se Fign 488 ad 484). Both
parandes bave bees asociiod with e gty 30l Weeration (n
Besw infections: diarches dad lows of cpadition axe pectad ia rach
cue,

Askoitecs (Capedares) pusimoiss (Trichodiador). lafection &
experted v be sabeliaal

Sme ! imsses

Mewsstades. Anares s {Ascaridondeal (fomfes: 2040 o by
56 e, ke 15-25 can by 34 wam) e alio Figs. 4,137

om the sar conel ot 3
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rheciue

Fig. 7.152 Lesions induced in the Inwr of & pig exposs:
0pgs of Ascaris suum (npht normal bver on let

w4189, , and 8.66). Unthriftiness, fadus
hair cout, and distended abdomens may be s
animals with large mumbers of wevms @y ave espactan, pertars

tion, or rupture of the intestine.
ik Subatics (Ancylassomateiden) (Eemales $.6 s

W g weght oo
¥ ¥ e
& Bong

by 330-385 pm; males: 4.5-3.5 mam by 300-315 ) {see Fig €104
These hookworms feed 0n blood, so beavy e s coubd be ox
pected to cause soemia.
Stromgyloides ronsomi (parthenogenic females. 3345
62 um; Rbabditida) (sec Figs. 4134 and 4132). Heavy infe
nconates can cause anemia, durthes, dchndnaten, emac
death Infoctions can be transmitiad in melk
Trichmells spiralis (Trichineliowdea) (females
males: 1.4-1.6 mm by 40 pan) (see
m the tiestine ehow Lide pathogeruacy
Acanthocephale. Mactacimshochynchues hirudemaes:

A% mal
(see Fig. 4.189) are prescat with thais robust probosss cabedind deep

A gramiceas

@ the bowel wall where they oot inflamman,
umbens ¢ to

Light infections may be subkbinica, but in larger
thrive end emaciation can be seen. Perforabion of the bownd wall sy
resall 1 perronitu.
Protists. Eomers deblio and abowt 19 other specios of Eomerss
{ooccidians); wsually micctsan  without chaucal sgns
Cysigoospors suv (oxcadisn) cuses cutarty and ducthes o
young amnals 25 hitte 35 days ol (scc Fig 8.20).
Crypeosporidwons s> { Apscomplesa) 1 of Enle discal »
Giardia 3pp. (smucosoliageliste) (sex Figs, 311 ond )
fextion is nsaally withous sgns
Cocems ame coizs
Nematodes, Ousphagosteman dentatim, 0. brevcasdum, 0.
oeepsamum, sad O, quadrupumium (Strongyioidea) (females: 10-14
mm by 316-300 prw; wmales: 810 mem by 200-300 jam) (scs Figs. 4.97
and 4.98), hnmstuse stages of thes wormns cause nodule formanon w
the bows] wall (see Figh 4101, 4102, 556 sod 8.57), enteritia, as
orena, and heratochens: beavy infections s fstal. Addional eco-
‘Bomic owses also ocaur du to casing condamadnon
Trachuris suis (Trichineondea) (females: 35-50 mam; waales: 3040
m} { ; sec also Figs. 4183 and Avoresia, ll-thaift,
maoid o macohersarrhagic ditrrhes, debydration, and death arc

Passible 1 heavy infecuons.

Protuisms Famamchs poiecta. £ suma, Jodennte

B emache | 8T W@

Lo phintas S e ReseE 05
Nomasobe lerves. dsas
b mmigrating berve e Ghuac

o Aacwridaidey) (we Fge. 4138

Tl e ssons ab dae

demeioan

wrface May cad 1o sopas

widas | isss Fyg, 458 W
woited hlwan Chmcal

[ R T e S —

AR Seh andhanih
woniid by cxpunied € S
et o o the g

Tawross Asdargpons (Lacvatedas | (ows Fig, 437 ywisinss, cas be dosnd an
R oiaskine masdy & vild pep. Mygretion ul leves g @ v
o s ks annd BiDeomn, which e o 5 b Clnddiaussa

Reapuratony System
Broact aa¢ beonchies
Nematodes. Aaatrongyiu: e

(Metasrongsioudea) {fomales. 2666 mum by 129450 ok suadun 11 26 1an

by 120324 gan) face Figs 4116 wnd G o g of rexperakory

distres 1 pags.

Loay p seschping

Nomarode lrve, Asiars suam Awarndodes | 0gsmms amgres
through the lungs aflex passage (hrough th v and Qs duease | par
auysmsl coughing T} o rmecuen i thed passage (see Fig, §.66)

Comode larve. Echinacoc qpp. (Taenisdac) (see Figs 450 1o .52,

.45 204 8.46) bydatids in puge w the United Siates soem io be very rare

Clinsost 5igns expexied whea <yals compromise with sugan funcuon
Trematode. Feragomimuus Lillicom {Trogiotrematidas) 17.5-16 man

by 4-8 num) (sce Figs. 4.14 0 4.16 , and | would be an excelient

¥

I wloi, ang M pudemdoiontis:



g o s abl 0 do very el i g s syt
- 3 ol resek

oscles snd Consective Tissees

richinells speral sod T wewrevil (Teichinellol-
Figs 877 snd 41K2) lurvac can be pomsent
; gram of g Esascie without the g -
< Lo wuld st @t W ademmaten

el (Tacmadac) (nee Fig 4 48) cpiessi
; boog by 510 sam wade) m mcle are 3
sreas whess bumans whe maght be wiicted with
cea cetan evebapeng caien, &5 warking
T
2 pe

Suthrede) (we Fige 436 and
which, aerve @ puratem boss

wee Fige 204 and 235
basa

aie Fige 253 floft
2 e I ammacaeind e e
tadec b oo Addinomaby

ways {Dagesa

LR et oth

R
e aa ke aTon a0

se Fige 275 298 184, and
ol g o iy dasturd, and

wx Py 2108

g it 1168, 2409, and
b & peobban @ pigs Evistetions cus he axsemdy

154 Haemalopeus sws oM 3 Big.

_W!E,"?Pi-nwt'%_- !

pruaitic, 4 i s
pyodarma Infesed e TS

Demosdex phrilsdes (Prosugmata) (ee Figs 214, 1125 and 1)
woaes dermatitie a the form of pimples on pigs. Nodules are full of
Huge mesmbens of it these may coulece d ture

Aasotzted Kost-Organ Listing of Commen Parasites
of Rubbits

Toasplasma goadit may occus in say e of sy host s extacelelar
q‘-ﬁm-uhmimhmmm.
0 425 N a
TR

Rl emiary System

Somech

Nemstodes Obslucosdes comesli (fenales. 15-185 mm long:
e 1014 s bog) und Graphadiom irigosiry (emales:11+20 mm
Youg maler K16 mm long) (Trichostrongyloldes) (1 )
Syecader of O comiculi e 0.0 10 054 man; of G serigonun, 11 80
24w

i~ pman0.

Nematodes. setsriackm (@ Europe, fomales:
&8 mm bag malss 57 ma long), T affes (i cottontul rabbits,
Ulssd Seoses, s vange sndbas w0 T retertacfoema), T cabarats (in
Usaed s, Semales: 587 rum boag: mubes 47-6.6 mm fong), and
Nemandiria leperas (femalen 16-20 mn Jong maks: $-13 e lowg)
(Trchasnangrheada) (s Figs 478 20d 4.89). Spscades of T resetfor
e ol T s are 100 135 jon; of T cakavatia s 179 to 190
wheress, N, eports are of 656 10 100 .

Servegrloides papillesss (puthenogenic females: 35-6
Rhubdds)

Jand

Castoda. Catanisa cemesdes {Anoplocepialida) {1
- 3
rotsta, Eomera s (ooccidion) (- 1) paraitte the ot
oo aad o darrha and aranuticn Emons eckok
E eope, E fnesam. E wiczingo, E wodua, E megna, E medis.
E pertorass, and E vepdovidy.
Cryplaspondes el s 3 potenkial Toopoti 1gest
e masvsodlagelate) 8 potential soumotc 2gest ( )

Fig. 1165 Qbescaices ey, stomal e Gt ind brsd 3999
e of male {ght KLY
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Fig. 7186 Catotsena from & fadhit, {Specimen cousmesy Or Lawwe
Schultz-Powelt

Cocum pad colon

Nematodes. Prusahuris sosbiguus (females 812 m by $13-
maless 3-5 man by 250-275 pm), Dyraatays weligens (fmales. (6-1
ry 600 pum, voales: B-11 5 mvm by 435 o] (Oyuarda) sex Fog. ¢

Trichuris kporis (Trichindlioidea) (fomales: 174-285 max boog
males: 19-21 mm long).

Protista. Exmmerea flavescere, E. puriformas unaaban!

Entamocha cunzouds (amocha). Nonpathogezs.

Liver and poritonsal cavity

Protista. Emmcria soredac (Cocaadia) cawses bliary convadunsn (wex
Fig. 820).

Larval nematodes. Tomscard conis magssics through the kuess of
rabbits on the way to the lungs s mnsacularure { X

3 e

Fig, 7,957 Tonocars farve trom & 1ebRKs e 2501

Fig 1958 Gwown
St U=

Fig. 2.958 Panamies. ou o T
e s w6 Wows e
e S -

Fig. 7.188 Ear of a rablet indested with Psoropies cunaull



lamu jogorns (lamadas) ) o
N et b aumaet wuk dovn 9

c
Pg 118 St ik of male
12 8 Causal e of famla (1501, () Escphageslfogeen [x1S0L

th-h Colodiun {Capdlaria) hepatsan (Trchinelosdes) 4
e S-164 by T8 8 s e 2k 670
. soe sdsa Fig. £.78), Mal
lied with cggy s soen emmbedded in the parenchva,
. pebeimys

Fig 448

vdotad cyuts of B, madeilocudaris (111 7 11,13 see also Figs 453
845904 8.48) Appeats as 2 solid granuloma, mantly Protwscolices
may be appreciated i 4 squash mount preparation of 3 cut 0P
gransloma.

Protists Heparomoom murs (plasmodium) has schuaogooy 088
wung 45 the hepatic cell; gamonts are found in the posocytcs of I
camcdatiog blood (see Fig. 349), The vector 1 3 mesostsgmatid %
Eebanolaclaps echdninis,

adas) (

Usegenital System

Nossatodes. Trchowesoides rasnoda (Trichinebodes) (e
115 o by 200-20 s males: 1335 mum by 2937 g} (5%
Figh 4188 and 129 e dhaded g e Mader el
. e o by - 2000 g { @d ) hewak
s st (Geunalen. 2034 m by 180-250 jom; e §.2- )
% g and Aspeases s (Cuyerida) (femsies: 31-  Skinand Haip
+ e g, s B s s v ot derbed 80098 Pl g (Acopiur) (- 7 g 53
5 ‘P b 0 ancamia and debitaion; hypersensiity cescaons 16585
< e fda) (lemusles 6383 men long males 40 pourites and wlfraama.
S omopsylia chespes (Siphoasptera) (e Fig, 138 a vector of A%
i Fermades: 34 raum by 60 v smales: {416 nmm by -"l""“
 (Trictandiosdea) (see Figs. .10 A 182a0d ) Azaaids. Ormathomyssas bacots (Moo may lad 10307
vt Lok the polar Slaments (Sex Fig 442), Tricns _uu&mm;:--u"a‘wﬂ

Speundal (fonse: 35-60 mm by

cemuiepss demania (Hymeuolepuddac) (3060 wafordia esfera Prostigmaia; lyp o it
wade' - Soaiex widhout hooks and sit-iucna. i)
Ewwna reeschidss and otber species. {cocoians) ‘r--.rn«ﬂs-r;ulo.zoxn.:_‘

Graridsa (mucosotiagellate) { ) aseas of the oce and body.

-



- 3
Fig. 7.163 Culodium (Capdlonsl hassocom. (A} Extensve egy-flled
P g o an wban Norwey

al Ramms sy s 00 & ighe? Magndicstion

cts. K on of 3 138 bver
Gemansratng egg-fikes vacts. €1 o s9cton o 3
1X380) showing cross-sectins o & female waum a0 8535 weth bipal
Plugs surmaunding the worm

Anuotated Host-Organ Listing of Cammen Parasites

d .
Tauplama s may ocsus i any thssoc of any ot & exureccliulas
o stracellular tachyaoibes oc # beadywmites in cyls fsec Figs. 335,
336, and 8.28). Nasgpors cammmum iy occue i anilas locsuons (see
Figs 337 and 8.29).

Almontey Syien

Stoien b 206 tnnsies

P ARy R e —

i samorde pirgrrae (e Neswpeids du

sganms we todud and by ot

Truchounsangybodea | (in

Syphacre obvelota (fersales. 3.4-58 e by S0-400 ju; maks
LIS me by 068-96 gum) and Agricularn wirapi Somndoc 34
2-4 umn by 12019 ) Oxpurvden)

e by

Holorakss spumosa {Ascandda) (femalon. 6.8-5.3 nun hong wales
34-8.1 man long).

Trichurss s (Trichincllondes

rotodes, Radeniolepss (Hymenolepes) numa (7-10) mum long by
S00-000 i W) and Hymenolepus dunirncio | 20-04 1am long by S~ wmm
wade; (Hywmenolepulidac! (ss for oyg marphology . The sl

of K. st 16 srmed with ook, thet of H dinumnds o wunarmed.
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Avechaids. Myobas musculy snd Radfontia affnis (Postigmats)

voc Fig. 2127). lafestations may be inspparent o resalt in varying
ot dennslitss, which may indude pyoderme. Myobuds da not
% away from a dead host; the carcass must be scanned arcidly
sereoscoplc microscupe to fiad them.
pies il (Astigmata) (see Fig 201); gencrally infes-
% sy mplomatic.
s bacets and Allsdermanyiis sanpunces (Mesostg-
e Fig. 296, Ormathowyuns gyivisrum) ifestaions may be
ot bead 10 anomia and debidutation. Thea mites ane likely
s dermatiis i peop.

ey

Aapetsled Hesi-Organ Listing of Common Parasites
nea Pn;s

may ocour in any tssie of any bost a8 extracallular
s or s bradyaokes in s (e Fig. 3.5,
i 12 ocsur in sisilas locations (see

Alusesary System
ds. Paraspudodera wncinata (Osparida) (females;
400 g auales: 11422 mm by 200 )y typically

Cossedte. Rosdowleps (Hymencleps) mana (7100 men loag by
6500 jan wade) ipee fist egg worpholagy); wnections are
ameisc but tuay be directly tramsmitted 10 people.

Praters. bimeris o (coscdial
s (cibiae) | s s Fig 4131
b wrain (s Fig 3.16,C. parnorc aad i

Sk aed Hasi
nsocts. ol pusel, Grsops oneis snd T i
Mallapliaga) e aeo Fig, 167) usay be symptomatic o -
socisted with wathrifines, prurts, slopecs, and 4 esghemad i ast.
rmobuids. Chirsdicoudes o (Adigmats) (iee Fig. 2120)
oy b espptosatic or ascsied with uatvifioes, prurinu,
ing, s0d slopecia.

4 Fonocers i (A Lver

péecton. @) Lungs of
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Fig. 7,168 Neobaleatidkm o tyat in the feces of 8 gunad g,

Gunes pig nfosted wah e louse Girvuls paret

Fig. 7.

Trincaris cavise (ASUGMALE) CIN CRUSE WVETS PRECIE Mange @
guinea pugs that can be fatal

Asnotated Host-Organ Listing of Commen Parasites
of Moakeys and Apes

Nematodss. Cephalobes parasiticus (Rbabditida) (females: 0.3-1.43
am by 35-48 pum: mmalles: 780-1120 by 1340 ), Those harmibess paa-

R mtestines of Absc 5w mardsx tand probably
:«.«m..-a-d . v g

S sucscorss
s = Figs 4331 und 8.53). Sizmian strangylai-
inkotion 1 debilststed ani-

;. Bright red worms tlerndes:
mm) lic within or protrude frum gasic
’:..(ﬁcm—clawmu
mwdnnmk-pw&nl

Nochtsa nocisi
74610 man; mades: 5765

o7
\:au

Fg 717 Molineo S00wis P mal mteston of o (nbus rasaey
a0

g Conmmteric) fomades. 83103
o b 200N s, mmalics: §- 24 mmam by S0 359 pun, () sgrhenase
o (5 95 Tt GTE Cugr 5 Previon |, 6nd Toreadens desiausiin
Seoongyioases | inmaio 1316 mm by 656 TN on, casies: 3§ s by
- e alas Figs. 457, B39,
“woduls wams® walt ledl cowns and @
o

s oot st Ui - AL Mt 1o
Figs 4000 w6100

Asuirs hudrumic; | Awaadindes Acmaics up W 41 0m 5 S sam
s aam, oy 3 msn) e g, 4,157 nd & 108

Tratwrs qp | cuneliondce | e s Fig 4 183

B B e P 60 guis ot ape
o Gemeraly apeakang, & geas o prowsers ke 6 gons o makiye.
Faacgrs s ko b m, maen 19 aun aad e
o ooty Homaes 4854 mun by €50-548 e, vades. 1508
T by L2 A ) B G dupeneny braedie g e wsnally
Camaedis RoEpalgL D ANGT WA WY T e o b o
B wad A S ST TR 1 e e @ ot deses

Prabtaugu o xce h e [WURGH Gid sty e
ol o laa B s
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costodes e of the solid body Type; nematodes 324 acanthocephalans
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Histopathologic Diagnosis
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Tapewotnas seen i sectians an: mos hikely te be larval oz, although
there i always a chance that & section of  proglotid may be seen ia an
inesal location, Tapeworms, ualike tramatodes, have 1o iniestine in
any stage of the larvae or aduls. Lk temstodes. the internal organs
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@ 2 vertebrate hast (described tuter ). and @ sone Gasad apecies 1.6
Depvhidiun comesni) ogg sacks ave ol wmandasd @ Ussue st
Calcareous corpuscios are typa sl of comode tomues i
especully 1 larvac, may provide the oaly evidonce that the gpecienen
is a peworn Tapewarms are coveed by o ogament
formed by the (vtoplastei proections of opederma cells, whiach
appeass @ histologic secons as & thick. homagemeous sonceliular
cxternal layer suppocted by 4 hasal membrans
The larva of & tapeworm that is found in ¢ verteheate host repre-
scnts the precursar to the aduit torm, and typacalty beass the holdtust
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the host i ingested, mach of the larva will be digesed away and the
small holdfaxt will atiach to the intestinal mucoss and grow the aduh
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CHAPTER 8 Histopathologic Diagnosis

wddy sesttered in the hung parsachyma rather than concentrated
5 s

Oxyurifa. The acyurids are generally smallish weems that s adults
whabut the large mtestine o cecumn. In saction modt species
sisent Mteral alae. The ewphagus has characteristic sections
comasting of corpus, thmaus, and tecminal bulb, which can occasior
sl be sren i sevtions. The muscwdature 1 platynyanan aod mem-

st b varuable bt s euboidal 1o columnz
per cell. The preseace of typcal cgge i wero
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Ascarideda. The ascands comprise & diverse groug of worms, and as
s ducaris and Parsscars organians, are the largest
o the intesinal pematodes. o s section, 1 addition o thei lrge
meands charactenatically have & thick, mululayered cuticle,
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The Ascaridida are often divided into two Large
usnilics. Ove, the Ascandoidea, paruitize land-
s, wherras the secand group, the Heterocheiloidss,
pacasiuss burds, R and marne msounals Membas of the Ascandos-
des. wachuding the gencra Ascans, Parascuris, Tewpcura, Towtscars, snd
v three sple Hps on the anteror end; a thick, maltic
e 8 chib-shaped ssophagus; colurasar cputhelial gut clls
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Fig 87 Somgreneny puchinum in the tongue of 5 cow (1003,

manis ficids amposed of muscles, 4 very
oduced wiesting, and 3 lage wterus filled with larme.
Memdans of 1he superfamily Rlariosdes, although they have masy
al 3 Mot distuns -

e i ocon, okt vty l G gl o o
Founds range greatly in wre, fram some that aeonly | or 2 am in
Ak o i

sty seach 30 s 1 lemgh by | rcm i Gimetes owevr, i tend
b s The cuside sy be 1 cx thick a0k i some grops

patymyanisa, the saphagw may be divided but i gemerally not as
e & i other Grurids, and the intestine 8 typucally 3 umple
b Ose of the most charactensti features of lands is the presence
aof mcreliane flmg the ierus. Many species of filsna infect ani-
s, and several exsmples will serve to Bustraze the group.
L ey, the i Ibe disese it
produce: in (zamnes, febnss, sod bumsas | Thie aduk worms
e @ the anculatory epsiem, (ypically 11 the chambers sod great ves-
st of the bheart. The worms, & just siated, are larges have 4 thick,
melolsvend byt wmooth Quide; bave prominet (relomyanag-
palymyiian musdes have beoad lateral cords have 4 weak iniestg;
and.inthe fomale, " A
Many other Dirgfilaria, soch s Dirofilang repers of the dog
and Drafilara tonus of the tacoen, hve in sabdataneous locations
a0d we distinctive io that the cutice has prominent longitudinad

10 setion. Adul female Unchoceros orgaams ane i ad extiesely
long 4nd have dumctive cutwular siructares. These worss posicss
extermal cireular ridges and stnae @ the waer lyer of e qutdle

Net aaly ars these ridges and siniae speciic 1o the genus

e
greal Value in distisgushing vanows speccs wiltn 152 gens, Alio
disinctive of asult fomale Oudovencs organisms as the muscle clls,
which often sppess i@ be wedk and poorly developd, ind 3 promincal

Mix

a5 it 6 known, adult Oracheceres Orgasiants inhabt dense conmecive
s, arc ightly conied, and, 1a seemc speocs, foun distint Srous
codutin
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n the pumanary artery of a dug

Fig. R71. Diofiars mmits

Fig £72. Do immtsin the pulmonary ¥
thiek, smooth cuticle nd 1age CommBIRTAOlT
evident a1 this magniicstion

E
Trichinelloidea. This group contuins the wachineioids, the trichu
voids,the capiharide, and the trichasomaides. & this growp the most

characteristic feature, both growdy and i secoou, & the stichosome
w:-zulqmnﬂwvm“hmd.u&uw ternale w the nuchel Agarmes! ot an ox
sichosome. The other distinctive festuse of dgos od onian 1 1he Snar Rt

cytes that compose the i
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al muscle fiber

Boum i the bver of 2 tar mate
hugs o wstlo x

beter, presence
e 2 b ..nu.‘mu‘mmmu.n:p,lupm

Aua(k.uu;halans

it male 2nd temale Acanihocepbal are prcsdocuclomsates that v
Y :.. inisstae of veriebraies, where they gan nutnicats through G
extanal ovormng (Le, they have no intestnal s oss snchede all
vericbeale dasses, fub, amphibaans,topules, bds, ad masmmals. Fegs
passed i feses azc imgested by e intermectiae N, an athroped:
and miectna is acquised theough mgetin of the iermediate
[ ¢ worm-bke adults posscss @ spusy proboscs that i used for
l mucess and G be etrasted inside the
S —
i pasudoceciom atans cds of the
vl e, i ot cameat gands in males. Females
ve system wheran bals of owrian disoe floal
.t‘,..p aad eporm mnugrate int the pecudocaclum o fortdiee the eggs
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Fig. .75, Adult Prosthendrchs 9. 1 the cecum of § camer

A “uterine bell” sorts the eggs aceording ta their develag
and mature eggs, containing a kurva called an womhe
wuterus, ot of the body, and into the feces. The int

typically an arthropod in which 2 stage called s

tacanth doviogs Resweoed, B B, 6 Laducuiit

s typically the stage that wall be seen 1a histolog secs
The body wall is thick and wuilayered and it
bistologic sections. Thete is an ooler teguanent (oo
brane 3nd three fibcous Liyers that contain lacumse [chas

may serve 25 & mesns of MOVIRg Dutrients arvand |

plases

“deroais” Layer, and a layer of circulas .u‘

that are highly dutinctive e san oo e
reprodactive organs, but there are two \r:\\.;x

dular seructeres that serve 1o evert and retr . y

The shick bypodernss lng exterual 1 the acs
major chie @ to the identity of 3 cyaca

vagn Ameoincen
S § B & . s
X
” " pestan o Fang
. & Connce, DL M. (588, (1978). Rocho atem, P
diases. vob 1 8ed 2 Washangisa, PC: Arend &, (19995 A oo i —

instizate of Pathology (AFIF
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of pusshiitis. The main objective of this section i to ey

of e major microscopic snatomic featiuses of parasites
pful i therr ideatification in histologic sevtions, For
artheupods and metszon parasites, several defining characteristics
ted for each oy of parasites, but the presence o shsence
v cavity and digestive tract and the type end distribution of
- apertant criteria 1o be considerad in making an
ma! phacemeat into & major group.
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&—am.p‘ummwuuanxm‘m
disease, noderpest, declared in Juse 2041
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PROTOZOAL INFECTIONS
Coccntasnas Vatsines
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