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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




FECAL EXAMINATION FOR THE DIAGNOSIS OF PARASITISM

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



VETERINARY CLINICAL PARASITOLOGY
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
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