
The only way
to monitor
pets for the
presence of
gastrointestinal
parasites is to
conduct fecal
examinations
regularly and
properly.
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A“fecal” may seem like one of the more humble tasks per-
formed in a veterinary hospital. That does not diminish
the importance of this examination, which can provide

valuable information on the health status of veterinary patients.
Parasite diagnosis and monitoring are vital to pet health and
the health of pet owners, given the zoonotic potential of many
parasites.

Skill in the conduct and interpretation of fecal examina-
tions is important if internal parasites are to be accurately diag-
nosed and effectively treated. The performance of reliable and
accurate fecal examinations requires a knowledge of the proce-
dures, a thorough familiarity with the important parasites of
dogs and cats, and an understanding of how to use this infor-
mation in a reliable parasite control strategy.

It’s easy to become complacent about parasite manage-
ment—especially management of internal parasites. We now
have highly effective products that prevent gastrointestinal par-
asites. Nevertheless, research indicates common canine and
feline gastrointestinal parasites remain prevalent, due to every-
thing from poor owner compliance to the limitations of “sea-
sonal” prevention. Whatever the reason, the only way to moni-

tor pets for the presence of gastrointestinal parasites is to con-
duct fecal examinations regularly and properly.

CAPC Guidelines Address Timing, Technique
How well a fecal examination is conducted can profoundly

affect the health of veterinary patients and their families. It
also can directly impact the success of a practice itself, particu-
larly if prevention and diagnosis of parasites have been over-
looked.

Surprisingly, a number of factors involved in fecal exami-
nations can directly affect the accuracy of results. Consider
some of the following examples:

1. Procedure type. One of the most important factors in
proper fecal examination technique is the type of proce-
dure employed. Fecal examination procedures likely to be
accepted and implemented in most veterinary practices
include flotation (centrifugal or simple), sedimentation and
direct examination. While simple flotation is the most
common examination procedure used in veterinary hospi-
tals, it is not as sensitive and accurate as centrifugal flota-

Technique 
is Key to 
Accuracy
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What Does a Blood Smear Tell You?

Continues

Introduction
A complete blood count (CBC) is a vital part 
of a thorough diagnostic work-up in a sick animal,
particularly one with suspected anemia. 

There are three general processes that cause anemia: blood loss,
hemolysis with destruction of circulating erythrocytes, or decreased
bone marrow production. A CBC supplies information on circulating
erythrocytes to help differentiate these general processes and possibly
even determine the exact cause of the anemia. At minimum, a CBC
helps guide selection of the next diagnostic test or procedure. If the
anemia is due to blood loss or hemolysis, then the bone marrow will
respond by expanding erythrocyte production and increasing the
release of immature non-nucleated erythrocytes (reticulocytes) into cir-
culation. This is termed a regenerative anemia. If the bone marrow is
not functioning properly and erythroid production is impaired, then the
number of reticulocytes released into circulation is not increased. This
is termed a nonregenerative anemia.     

A Complete CBC
Automated hematology analyzers provide objective, numerical

data on mammalian blood samples. Results usually available include
hemoglobin (Hgb) concentration, red blood cell (RBC) concentration,
hematocrit (HCT), mean cell volume (MCV), mean corpuscular hemo-
globin concentration (MCH), and mean cell hemoglobin concentration
(MCHC). Decreased Hgb concentration, RBC concentration, and HCT
are expected in an anemic patient. The RBC indices (i.e., MCV, MCH,
and MCHC) are used to further classify the anemia and may provide
clues to cause. The combination of macrocytosis (increased MCV) and
hypochromasia (decreased MCH and MCHC) is commonly associat-
ed with a regenerative anemia because of the increased numbers of
reticulocytes in circulation. Reticulocytes are larger and contain less
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hemoglobin than mature erythrocytes. A non-
regenerative anemia is often normocytic
(MCV within reference limits) and nor-
mochromic (MCH and MCHC within refer-
ence limits) because reticulocytes are not
increased in number. An iron deficiency ane-
mia is characterized by microcytosis
(decreased MCV) and hypochromasia. 

A CBC should not be considered com-
plete without thorough examination of a
blood smear. Microscopic examination is
used to: (1) verify that the numerical informa-
tion provided by an analyzer is correct, (2)
assess the morphology of blood cells; and (3)
look for organisms. In general, erythrocytes
are evaluated for variation in size, abnormal
shapes, uneven distribution, changes in color,
the presence of inclusions, and the frequency
of nucleated erythrocytes (nRBCs).  

Erythrocyte distribution is evaluated on
low magnification (10X objective).
Erythrocyte morphology is assessed on high
magnification (100X oil objective) and
should be evaluated in the monolayer region
of the smear. This is the area of the smear
where the erythrocytes are close together but
infrequently touching and the leukocytes are
maximally spread. Morphology should not
be evaluated in the feathered edge region
because erythrocytes are often distorted from
making the smear. In the thick areas of the
smear, erythrocytes overlap and are unable
to spread sufficiently to assess their shape. It
is important to note the frequency of morpho-
logic abnormalities. Occasional abnormal
erythrocytes may be found in blood smears
from healthy animals. To be considered signif-
icant, most shape changes should be consis-
tently found in every high power (100X) field.
The frequency of erythrocyte shape changes
is subjectively graded as mild to severe
depending upon the average number of
abnormal cells found in every 100X field.
Some findings (e.g., organisms) are signifi-
cant even if they are rarely found. 

Changes in Erythrocyte Color
With most routine hematology stains

(e.g., Diff-Quik, Wright’s stain, Giemsa), the
cytoplasm of erythrocytes from healthy ani-
mals is uniformly red in color. The erythro-
cytes from healthy dogs often have a central

pale region (central pallor). Central pallor is
uncommon in healthy animals of other
species (e.g., cats, horses, cattle). Hypo-
chromasia (Figure 1) is recognized on a
smear when erythrocytes have a pronounced
zone of central pallor that is surrounded by a
thin rim of pale-staining hemoglobin. The
hypochromasia that is identified by RBC
indices (decreased MCH and MCHC) fre-
quently occurs in blood samples without evi-
dence of hypochromasia on a blood smear
because these changes in the indices often
accompany a regenerative response.
Hypochromasia on a blood smear suggests
significant inhibition of hemoglobin produc-
tion and is usually associated with iron defi-
ciency or loss (e.g., chronic external blood
loss). 

Torocytes (Figure 1) are sometimes con-
fused with hypochromic erythrocytes. Instead
of a thin rim of hemoglobin, however, toro-
cytes have a punched out, sharply defined,
central clear region surrounded by a thick,
dense staining rim of hemoglobin. Torocytes
are an artifact of smear preparation and of
no diagnostic significance.  

Polychromatophilic erythrocytes (Figure
2) are immature erythrocytes that have been
released early from the bone marrow. With
routine hematology stains, they are larger
and bluer in color than mature erythrocytes.
Blood from healthy dogs and cats often con-
tains low numbers of polychromatophilic cells
(generally less than 1% and 0.5% of the ery-
throcyte population in dogs and cats respec-
tively). Polychromatophilic erythrocytes are
not expected in the blood of healthy cattle
and horses. 

Polychromasia generally refers to
increased polychromatophilic erythrocytes in
the blood and suggests an attempt by the
bone marrow to respond to blood loss or
hemolysis in an anemic animal. The lack of
polychromasia indicates the absence of an
adequate bone marrow response in an ane-
mic animal. As a general rule, the degree of
polychromasia on a smear correlates to the
concentration of reticulocytes. Estimation of
polychromasia is a subjective assessment of
regeneration while the actual measurement of
reticulocyte concentration provides a more
objective assessment. 

In some species, reticulocyte concentra-
tion can be measured by automated analyz-
ers. If this is unavailable, the percentage of
reticulocytes can be determined on a smear
made from new Methylene blue (nMB)
stained blood. NMB causes cytoplasmic
RNA to form darkly staining aggregates.
Cats are unique because they have two types
of reticulocytes (aggregate and punctate) in
circulation (Figure 2). Aggregate reticulocytes
are short lived in circulation, developing to
mature erythrocytes in 24-48 hours. Because
punctate reticulocytes circulate up to 10
days, they are not as useful as aggregate
reticulocytes to assess the current bone mar-
row response. In cats with a mild anemia,
however, the bone marrow may release only
punctate reticulocytes. Horses do not consis-
tently release reticulocytes into circulation
even when erythrocyte production is acceler-
ated. Therefore, neither polychromasia nor
reticulocyte quantitation can be used to deter-
mine if an anemia in a horse is regenerative
or nonregenerative.

Ghost cells (Figure 3) are erythrocytes
that are in the process of lysing. They are
very pale staining and retain only the cell
membrane with a thin rim of hemoglobin. If
they are present in the animal, they indicate
intravascular lysis of erythrocytes. They may
also form in vitro because of trauma to ery-
throcytes during smear preparation in the lab-
oratory. Ghost cells that form in vitro are often
distorted while ghost cells that form in vivo
generally retain a round shape. 

Variation in Erythrocyte Size
Anisocytosis is the term used for varia-

tion in erythrocyte size. Although there are
species differences, the degree of anisocyto-
sis in healthy animals is generally mild.
Increased anisocytosis is a nonspecific find-
ing that results from increased numbers of
macrocytes (cells with increased size) and/or
microcytes (cells with decreased size).
Macrocytes are usually associated with a
regenerative anemia because immature ery-
throcytes tend to be larger. Occasionally,
macrocytes are found in disorders associated
with abnormal erythrocyte production, such
as FeLV infection in cats. Microcytes are usu-
ally associated with iron deficient states but
may also be found with some liver diseases
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(e.g., portosystemic shunts in dogs) or with
copper deficiency. 

Spherocytes (Figure 3) are erythrocytes
that had a portion of their cell membrane
removed by macrophages but retained their
cytoplasmic contents. Normal erythrocytes
have excess cell membrane, allowing the
cells to deform as they travel through small
vessels. This excess membrane allows normal
erythrocytes to spread out and flatten on a

glass slide. When spherocytes are placed on
a glass slide, they cannot spread well and do
not flatten so they look like microcytes. A key
feature of spherocytes is that they appear
darker in color than mature erythrocytes.
Spherocytes are easiest to recognize in blood
smears from dogs because of the central pal-
lor. Caution is recommended when diagnos-
ing spherocytes in other species. Spherocytes
are most commonly associated with an

immune-mediated hemolytic anemia (IMHA).
Spherocytes may also form secondary to
mechanical trauma to erythrocytes or ery-
throparasites. 

Evaluation of Erythrocyte
Distribution

Rouleaux (Figure 4) is the coin like stack-
ing of erythrocytes. It is common in the thick

Figure 1: Blood smear (modified Wright’s stain;100× objective) from a dog
with an iron deficiency anemia due to chronic blood loss. Hypochromasia
(thin arrow) and codocytes (arrowhead) are present. The inset in the lower
right hand corner is a blood smear from a normal dog (modified Wright’s
stain; 100× objective). Note the torocytes (thick arrow).

Figure 2: Blood smear (modified Wright’s stain;100× objective) from a cat
with a regenerative anemia. Polychromatophilic erythrocytes (thin arrow)
are increased. The inset in the lower right hand corner is the same blood
stained with new Methylene blue. Aggregate (arrowhead) and punctate
(thick arrow) reticulocytes are increased.

Figure 4: Image on the left is a blood smear (modified Wright’s stain; 20×
objective) from a dog with prominent rouleaux (arrowhead) and hyper-
globulinemia. Image on the right is a blood smear (modified Wright’s stain;
20× objective) from a dog with agglutination (arrow) and immune-mediat-
ed hemolytic anemia.

Figure 3: Blood smear (modified Wright’s stain;100× objective) from a dog
with immune-mediated hemolytic anemia. Spherocytes (arrowhead) were
numerous. There were also ghost cells (thin arrow) and polychromatophilic
erythrocytes (thick arrow).
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CE Tes t—Per iodonta l  D iseases

1. Stage IV periodontitis is characterized
by:
a. teeth that have a greater than 50%

attachment loss—often these are
candidates for extraction

b. inflammation primarily in the
gingival—no loss of attachment

c. up to 50% attachment loss
d. first stage of the disease—a

thorough cleaning should arrest
progression

2. Caution should be used when
operating an ultrasonic cleaner
because:
a. the unit can generate heat and

damage the teeth
b. they don’t use water and may dry

out the mouth
c. using them may not remove

enough plaque—more will
immediately form

d. the units are very damaging to
feline teeth—should not be used

3. The most active participant in the
progression of oral disease is:
a. calculus
b. pH of saliva
c. heredity
d. plaque

4. The different levels of periodontal
inflammation can be best identified
by:
a. probing of periodontal pockets
b. a complete oral examination
c. oral radiographs
d. all of the above

5. As it pertains to polishing, which
statement is true:
a. should be done only if the owner

wants really white teeth for their
pet

b. should always follow a scaling
procedure to smooth rough
surfaces

c. is a valuable procedure that has 
no risk

d. the prophy cup should operate at
speeds above 3000 RPM to be
effective

6. Clients can be instructed to continue
care of their pet’s teeth at home with
the following directions:
a. use a small child’s toothbrush and

peppermint flavored gel to brush
b. a cat’s teeth, particularly a senior

cat, should never be brushed
c. soft bristled tooth brushes or finger

cots are useful with pet specific
paste

d. human mouthwash, applied
directly in the mouth, can help with
bad breath

7. Which is true as it relates to the use
of antibiotics in animals with
periodontal disease: 
a. Clavomox® can be a safe

alternative for animals sensitive to
penicillin

b. pregnant animals can safely be
given Clavomox®

c. Antirobe® has never been shown to
cause GI upset

d. Doxirobe™ is not recommended
for use in dogs under one year of
age

8. A periodontal pocket is caused by:
a. a buildup of bacterial plaque
b. inflammatory response 
c. destruction of the tissue 
d. all of the above

9. Which of the following is false as it
pertains to therapy for periodontal
disease:
a. all patients should have 7–10 days

of antibiotics before work is done
b. all debris or biofilm should be

removed
c. steps should be taken to minimize

attachment loss 
d. steps should be taken to maximize

the amount of attached gingiva 
10. The bacteria in the supragingival

plaque tend to be:
a. Gram-negative, motile, anaerobic

rods
b. Gram-negative, non-motile, aerobic

cocci
c. Gram-positive, non-motile, aerobic

cocci
d. Gram-positive, motile, anaerobic

cocci

Thank you for reading!
We hope you’ve
enjoyed the Premiere
Issue of the 
vtarc Companion!
It is something you can
take with you, read
anytime, and expand your
knowledge. 

Not a subscriber? 
Go to www.vtarc.com 
to subscribe! 
For only $20, you’ll receive
the next four issues of the 
vtarc Companion and
unlimited access to the
resources on the website.
You’ll be glad you did!




