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Köhler Illumination, 345
Sample Collection, 346
Fine-Needle Aspiration Biopsy, 346
Contact Smears (Touch Imprints or Impression Smears) and Squash Preparations

(Compression Preparations), 347
Fluid Samples, 348
Sample Preparation, 350
Evaluation of the Cytologic Sample, 351
Basic Cytologic Responses, 353
References, 353



x CONTENTS

SECTION VI WET MOUNT MICROSCOPY OF FISH

24. Wet Mount Microscopy in Fish, 357
Gill Biopsies, 357
Mucus Smears and Fin Biopsies, 357
Ciliate Protozoa, 359
Flagellate Protozoa, 362
Myxozoa, 365
Microsporidians, 367
Monogeneans, 367
Digenean Trematodes, 369
Turbellarians, 369
Crustaceans, 370
Nematodes, 371
References, 371

25. Wet-Mount Sampling Techniques in Fish, 373
Sampling Techniques, 373
Mucus Smear, 373
Fin Biopsy, 374
Gill Biopsy, 374
Fecal Sample, 375
References, 375

Appendices, 377
A. Stains and Solutions Used in Hematology and Cytology, 377

Acid-Fast Stain, 377
Gram’s Stain, 377
Macchiavello’s Stain, 378
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PREFACE

This book serves as a comprehensive reference on exotic
animal hematology and cytology of all major species
by providing practical hematologic and cytologic infor-
mation involving small exotic mammals, birds, reptiles,
amphibians, and fish. It is designed to act as both an atlas
and a text. Veterinarians and veterinary technicians in
clinical practice, clinical pathologists, laboratory tech-
nicians, veterinary students, veterinary pathologists, and
those engaged in avian and exotic animal research are
the target audience for this book. This edition has been
reorganized from previous editions to provide a more
user-friendly disease-based chapter structure. This new
structure is designed to better match how most users of
previous editions search for information in the book.

Chapters 1 through 5 provide information on hemic
cytology and hematology with each major exotic animal
group separated into its own individual chapter. Chapter 6
discusses the common blood parasites of exotic animals.
Chapter 7 provides information on bone marrow interpre-
tation when dealing with exotic animal patients. Chapters
8–12 provide guidance for blood collection in the var-
ious animal groups and Chapter 13 guides the readers
in bone marrow sample collection. Chapter 14 covers
hematologic techniques used in the clinical or research
laboratory. Chapters 15–17 provide information on the
normal cytology with each major exotic animal group
separated into its own individual chapter. Chapter 18
discusses the cytology of inflammation. Chapter 19 pro-
vides information on the cytology of tissue hyperpla-
sia or benign neoplasia, whereas Chapter 20 discusses
malignant neoplasia. Chapter 21 covers interpretation
of effusions. Chapter 22 provides information related to
the identification of important infectious disease agents.
Chapter 23 guides the readers in cytologic sample collec-

tion and evaluation. Chapters 24 and 25 provide infor-
mation on wet-mount microscopy, which is especially
useful in the evaluation of aquatic patients.

A good quality microscope is one of the most use-
ful diagnostic tools available for veterinarians in clinical
practice and necessary for evaluating hemic cytology
and cytology specimens. Many of the disorders affecting
the hematology and cytology of exotic animal patients
can easily be diagnosed in-house without the delay of
using an outside commercial laboratory, thus providing
the opportunity of treating the patient more quickly with
disease-specific therapy. Therefore, this book serves as a
resource for in-house hematology and cytology diagno-
sis for the exotic animal hospital.

The reader will find that for the most part, the basic
principles of hematology and cytology, such as sam-
ple collection, preparation, and interpretation, of exotic
animals are the same as those for domestic mammals.
Therefore, knowledge of the hematology and cytology
of domestic mammals will greatly enhance the under-
standing of the information provided in this book.

The majority of the photomicrographs in this book
were taken of Wright–Giemsa stained blood films or
cytology slides using 1000× magnification (oil immer-
sion or 100× objective). Sizing bars have been added
to the newer images. Other photomicrographs were
taken from slides using lower magnifications, such as
400× or 500×, or stained with other stains, such as
Diff-Quik, acid-fast, Natt and Herrick’s, phloxine B,
Macchiavello’s, or Giménez. Wet-mount images used
in the diagnosis of fish and amphibian diseases were
taken from videomicroscopy images using primarily
400× magnifications with the specimens under a glass
coverslip.

xi
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1Peripheral Blood of Mammals

Normal Hemic Cells

Rodents (Mice, Rats, Gerbils, Hamsters)
The hematology of rodents commonly seen in vet-

erinary practices is similar to that of domestic mammals.
Extensive reference values based on age, gender, diet,
housing, supplier, and collection site are available for
rodents used as laboratory animals (Leonard and Ruben,
1986; Moore, 2000a, b; Bolliger et al., 2010). These ref-
erence values should be used as a tool when evaluating
the hematology of pet rodents and not as the sole guide to
determine if values are abnormal because the parameters
upon which these published reference intervals are based
and laboratory instrument and methodology used likely
will vary from those obtained for the patient (Appendix
B: Tables B.1, B.2, and B.3).

It has been well established that factors such as site
of sample collection, age, gender, strain, reproductive
status, anesthesia, method of restraint, temperature,
and stress may alter hematologic reference intervals in
rodents (Wright et al., 1983; Suber and Kodell, 1985;
Jackson et al., 1988; Turton et al., 1989; Drozdowicz
et al., 1990; Robel et al., 1996; Alemán et al., 1998;
Moore, 2000a; Nahas and Provost, 2002; Kampfmann
et al., 2012). For example, male rodents tend to have
higher erythrocyte concentrations than female rodents,
but these differences are not clinically significant.
Pregnant rats tend to have lower erythrocyte counts,
hemoglobin concentrations, and hematocrits, but higher
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), reticulocyte
percentage, and platelet counts than nonmated rats,
requiring separate reference data (Liberati et al., 2004).
Blood collected from the heart of rats has a significantly
lower erythrocyte count, hemoglobin concentration, and
hematocrit compared to samples taken from the retro-
orbital venous sinus and tail (Suber and Kodell, 1985).
External factors, such as exercise and environment, can

also influence cell populations in peripheral blood (Robel
et al., 1996; Kampfmann et al., 2012). Many studies have
also shown that nutrition has an effect on hematologic
variables in rats (Schwartz et al., 1973; Pickering and
Pickering, 1984; Ogawa et al., 1985; Levin et al., 1993;
Hubert et al., 2000; Yoshii et al., 2003; Moriyama et al.,
2008; Miyata et al., 2009; Asanuma et al., 2011).

Erythrocytes

The Romanowsky-stained erythrocytes of true
rodents (rats, Rattus norvegicus; mice, Mus muscu-
lus; gerbils, Meriones unguiculatus; and hamsters,
Mesocricetus auratus) are round, anucleated, pink, bico-
ncave disks with a central pale area and a mean
diameter between 5 and 7 μm. The erythrocytes of these
animals have a relatively short half-life (45–68 days)
compared to the larger domestic mammals, such as dogs
and cats, and as a result, their blood generally has a
higher concentration of reticulocytes compared to other
mammals; therefore, the presence of a greater degree
of polychromasia and anisocytosis on the blood film
is expected (Ringer and Dabich, 1979; Moore, 2000a,
b; Everds, 2006) (Figure 1.1). Polychromatic cells rep-
resent 1–18% of the erythrocyte population in healthy
rats and mice (Ringer and Dabich, 1979). In general,
1–5% reticulocytes are expected in adult non-anemic
rodents. However, when evaluating the erythropoietic
response in rodents, an actual reticulocyte count offers a
better assessment compared to the relative percentages
of these cells. For comparison, an absolute reticulocyte
count between 150 000/μL and 300 000/μL is expected
for non-anemic adult mice and rats. The presence of a
low number (usually less than 2% of erythrocytes) of
Howell–Jolly bodies, basophilic stippling, and nucleated
red blood cells is also common in rodent blood films.
Nucleated red blood cells may account for up to 2% of
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4 EXOTIC ANIMAL HEMATOLOGY AND CYTOLOGY

10 μm

Fig. 1.1. Polychromatic erythrocytes (arrows) in the blood film
of a mouse (Mus musculus), Wright–Giemsa stain.

erythrocytes in blood films of normal hamsters (Criswell
et al., 2000; Car et al., 2006). Basophilic stippling and
polychromasia are features of normal gerbil blood films.
Rouleaux formation of erythrocytes is rarely seen in
rodents, even with inflammatory disease.

Adult rats and mice normally have a high degree of
reticulocytosis with means that average between 2% and
7% and the young have even higher numbers that range
between 10% and 20%. In general, a normal hematocrit
range for rodents ranges between 35% and 55% based
on the normal hematocrit ranges of 38–51% for rats, 35–
52% for mice (Bolliger et al., 2010), 35–50% for ger-
bils (Wagner and Farrar, 1987), and 36–55% for ham-
sters (Harkness and Wagner, 1989; Johnson-Delaney,
1995). The hemoglobin concentration of rodents gener-
ally ranges between 10 and 17 g/dL based on the normal
hemoglobin ranges of 12–16 g/dL for rats, 10–17 g/dL
for mice (Bolliger et al., 2010), 10–17 g/dL for gerbils
(Wagner and Farrar, 1987), and 10–16 g/dL for hamsters
(Harkness and Wagner, 1989; Johnson-Delaney, 1995).
The mean corpuscular volume (MCV) of rodents gen-
erally ranges between 45 and 62 fL based on the nor-
mal MCV of 55–62 fL for rats (Moore, 2000a), 45–
55 fL for mice, and 46–60 fL for gerbils (Mitruka and
Rawnsley, 1981). The normal MCV of 65–78 fL for
hamsters is higher than that of the other true rodents
(Mitruka and Rawnsley, 1981). The red blood cell dis-
tribution width (RDW) obtained by calculation from
automated hematology analyzers is a reliable indica-
tor of variation in the size of red blood cells; how-
ever, the normal values are instrument-dependent. The
MCHC of rodents generally ranges between 30 and
37 g/dL based on the normal MCHC of 30–34 g/dL
for rats (Moore, 2000a), 30–38 g/dL for mice, 30–33
g/dL for gerbils (Mitruka and Rawnsley, 1981), and

28–37 g/dL for hamsters (Mitruka and Rawnsley, 1981).
For best results in measuring hematologic analytes in
rodents, the blood samples should be processed in a
timely manner, preferably within 1 hour after collection
(Ameri et al., 2011).

Leukocytes

Leukocytes of Mammals
The granulocytes of nondomestic mammals vary

in appearance but can be classified as neutrophils or
heterophils, eosinophils, and basophils (Hawkey, 1975;
Hawkey et al., 1989; Campbell and Ellis, 2007). There
are two types of neutrophils commonly found in normal
blood samples of most exotic mammal species. These
cells include segmented neutrophils and small numbers
of band neutrophils. Band neutrophils are immature neu-
trophils and contain a smooth nucleus that has parallel
sides and no constrictions in the nuclear membrane. Seg-
mented neutrophils develop from band neutrophils. The
nuclei of these cells have varying degrees of indentations
and constrictions in the nuclear membrane, which causes
the nucleus to fold into lobes of various shapes that are
connected by filaments. Neutrophils contain numerous
small granules that vary from colorless to pale-staining
to dark-staining among different species of mammals.
Cytochemical and ultrastructural features of cells often
differ among species. For example, lysozyme activity
is lacking in the neutrophils of hamsters and alkaline
phosphatase activity is less in the neutrophils of mice
(Parmley, 1988). Neutrophils of mammals are phago-
cytic and one of their primary functions is to destroy
microorganisms. Circulating neutrophil concentration
increases with inflammation especially when associated
with invading microorganisms, such as bacteria.

The granules of eosinophils become intensely eosin-
ophilic with maturation as a result of the changes in
the basic protein content. The ultrastructure of the gran-
ules in mammalian eosinophils reveals a distinct crys-
talline shape (an electron-dense axial crystalloid that
does not seem to be a constant feature of the eosinophils
of other vertebrates) that varies with species; for instance,
a trapezoidal pattern is found in the eosinophils of
guinea pigs and true rodents and a needle-shaped pat-
tern is found in rabbit eosinophils (Kelenyi and Nemeth,
1969; Parmley, 1988). Eosinophils contain large cyto-
plasmic granules that become increasingly eosinophilic
in color as the cell matures as a result of the changes
in the basic protein content of the granule. Mammalian
eosinophils have phagocytic activity similar to that of
neutrophils, but are less effective. Eosinophils are par-
ticularly numerous in the peripheral blood when antigens
are continually being released, as occurs in parasitic dis-
ease (especially those involving larvae of helminths) and
allergic reactions (especially those associated with mast
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cell and basophil degranulation). In general, the pres-
ence of an eosinophilia is suggestive of one of these
processes.

Mammalian basophils have characteristic cyto-
plasmic granules that are strongly basophilic in
Romanowsky-stained blood films. Some species varia-
tion in the color of the granules does occur. For example,
the granules present in guinea pig basophils often stain
reddish-purple to black. Unlike basophils of lower
vertebrates, those of mammals tend to have lobed nuclei.
The ultrastructural appearance of the granules varies
with species; for instance, a coiled threaded pattern is
observed in basophil granules from primates and rabbits
and a homogeneous pattern is observed in rodents
(Parmley, 1988). Basophils participate in allergic and
delayed hypersensitivity reactions.

Although rare, mast cells may occur in the peripheral
blood and must be differentiated from basophils. Mast
cells may be most commonly encountered with evaluat-
ing blood films of rodents if cardiocentesis is performed.

Mammalian monocytes generally are the largest leu-
kocytes in peripheral blood films and do not vary
grossly in appearance with species. The monocyte
nucleus varies in shape (round or oval to lobed) and
the moderately abundant cytoplasm is typically light
blue-gray in color and may be vacuolated. The gran-
ules, when present, are very fine and appear azurophilic
in Romanowsky-stained preparations. Monocytes engulf
and degrade microorganisms, abnormal cells, and cell
debris. Monocytes also regulate immune responses and
myelopoiesis.

The appearance of mammalian lymphocytes varies
depending upon the species, lymphocyte type, and degree
of activation. Mammalian lymphocytes vary in size,
color of cytoplasm (light to dark blue), and degree of
nuclear chromatin condensation. Variability depends on
the degree of antigenic stimulation and type of lympho-
cyte. The size of lymphocytes ranges from the size of
an erythrocyte to the size of a neutrophil. The small
lymphocytes are considered to be the inactive forms.
Reactive lymphocytes have a slightly more abundant
cytoplasm that stains basophilic and nuclei that have
clefts or are irregular in shape. These cells are con-
sidered to be the B cells involved in immunoglobu-
lin production (Weiser, 2012a). Large lymphocytes that
have an increased amount of light-blue cytoplasm and
azurophilic granules that vary in size are considered to
be the T cells or natural killer cells (Weiser and Thrall,
2004).

In general, the leukocyte morphology of nondomes-
tic mammals is a reliable indication of disease. The pres-
ence of immature cells, toxic neutrophils, and Döhle bod-
ies is a more reliable criterion for infectious diseases than
that of total leukocyte and differential counts, given the
amount of information known regarding various strains
and breeds.

10 μm
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Fig. 1.2. (a) Small lymphocytes in the blood film of a mouse
(Mus musculus), Wright–Giemsa stain; (b) large lymphocyte
in the blood film of a mouse (Mus musculus), Wright–Giemsa
stain.

Mice (Mus musculus) and Rats (Rattus norvegicus)
Lymphocytes are the predominant leukocytes in the

blood of healthy mice and rats and they represent 70–
80% and 60–75% of the leukocyte population, respec-
tively (Bolliger et al., 2010; Campbell, 2012). The size
of lymphocytes ranges from the size of erythrocytes to
the size of neutrophils (Figures 1.2a and 1.2b). The cyto-
plasm of lymphocytes stains light blue, and azurophilic
cytoplasmic granules are occasionally found in large
lymphocytes.

Granulocytes of mice and rats often have nuclei
without distinct lobes and typically exhibit a horseshoe,
sausage, or ring (doughnut) shape (Campbell and Ellis,
2007; Bolliger et al., 2010) (Figures 1.3a and 1.3b). The
ring shape results from a gradually increasing hole that
develops in the nucleus during maturation of the granu-
locyte. Nuclear segmentation occurs as the ring breaks
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Fig. 1.3. (a) Neutrophil in the blood film of a domestic rat
(Rattus norvegicus), Wright–Giemsa stain (1000×); (b) neu-
trophil in the blood film of a mouse (Mus musculus), Wright–
Giemsa stain.

during maturation and begins to form constrictions;
therefore, an increase in nuclear ring forms is sugges-
tive of accelerated granulopoiesis.

Neutrophils represent 12–38% of the leukocyte dif-
ferential in rats and 20–30% in mice. Neutrophils gener-
ally have a colorless cytoplasm but the cytoplasm of mice
and rat neutrophils may contain dust-like red granules
creating a diffusely pink appearance with Romanowsky
stains. The nucleus of the typical rat neutrophil has few
segments, but numerous indentations that make them
appear hypersegmented. The nucleus of the mouse neu-
trophil is often segmented with fine connecting threads of
chromatin. Rat neutrophils measure 11 μm in diameter.

Eosinophils generally comprise 0–7% of the leuko-
cyte differential in the mouse and 1–4% in the rat. They
have a ring- or U-shaped nucleus, a basophilic cytoplasm,
and numerous round eosinophilic cytoplasmic granules

10 μm
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Fig. 1.4. (a) Eosinophil in the blood film of a domestic rat
(Rattus norvegicus), Wright–Giemsa stain (1000×); (b)
eosinophil in the blood film of a mouse (Mus musculus), Wright–
Giemsa stain.

that may be arranged in small clumps (Figures 1.4a and
1.4b). The granules found in the eosinophils of mice are
large and uniform with indistinct margins, whereas those
of rats are small and numerous.

Basophils are present in small numbers (0–1% of the
leukocyte differential) in the blood of mice and rats. They
often contain numerous large round purple cytoplasmic
granules. Basophils with their lobed nuclei should be
differentiated from mast cells with their nuclei without
lobulation that may appear in peripheral blood, espe-
cially when cardiocentesis is performed. Basophil num-
bers appear higher in blood collected from the tail of
mice and rats when excessive trauma is involved, such as
laceration technique and compressing the tail to facilitate
blood flow (Moore, 2000a).

Monocytes, measuring 17 μm in diameter, are the
largest leukocytes found in the peripheral blood of rats
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Fig. 1.5. Monocyte in the blood film of a mouse (Mus muscu-
lus), Wright–Giemsa stain.

and mice. They account for 1–6% of the leukocyte pop-
ulation in rats and 0–2% in mice. Monocytes have a
variably shaped (round, indented, or lobulated) nucleus
with the kidney-bean shape being the most common form
(Figure 1.5). The abundant blue-gray cytoplasm often
contains fine azurophilic granules and occasional vac-
uoles (Fredrickson and Harris, 2000).

Leukocyte concentrations of mice and rats not
only demonstrate a distinct diurnal variation, but also
vary markedly between strains and reproductive status
(Wright et al., 1983). A distinct circadian rhythm affects
peripheral leukocyte concentrations with an increase
in circulating leukocyte concentration occurring during
the light phase and a decrease during the dark phase.
Pregnant rats tend to have higher leukocyte, segmented
neutrophil, lymphocyte, and monocyte counts than non-
mated rats, requiring separate reference data (Liberati
et al., 2004). There is also an age-dependent variation in
the neutrophil to lymphocyte ratio, with the lymphocyte
concentration decreasing and neutrophil concentration
increasing as a rodent ages. A distinct decrease in the
total leukocyte count associated with a decrease in
lymphocytes occurs in mice following the stress, such
as occurs during transportation (Bean-Knudsen and
Wagner, 1987; Drozdowicz et al., 1990). Thus, it is
difficult to establish reference hematologic values for
mice and rats because of the large number of strains
and variations in blood collection methods, handling
techniques, and environmental conditions.

Mongolian Gerbil (Meriones unguiculatus) and Hamsters
(Mesocricetus auratus)

The hematologic features of hamsters and gerbils
resemble those of mice and rats (Moore, 2000c, d). As
with rats and mice, polychromasia/reticulocytosis and
anisocytosis are normal findings in blood film from these

rodents. Howell–Jolly bodies and nucleated red blood
cells are commonly found, especially in the hamster;
nucleated erythrocytes can represent up to 2% of the
red blood cells in healthy adults (Harkness and Wag-
ner, 1989). Stippled basophilia (remnant of cytoplasmic
ribonucleoprotein) is a prominent feature of gerbil red
blood cells (George et al., 1983). The red blood cell
indices, such as MCV, hemoglobin concentration (Hgb),
hematocrit (Hct), and MCHC, have been reported to be
higher in adult male gerbils compared with adult females;
however, the differences may not be clinically significant
(Zimmerman et al., 2010c). The total erythrocyte count
of male hamsters decreases by 25–30% following cas-
tration and will return to normal following testosterone
supplementation (Smith et al., 2010). The red blood cell
count and hemoglobin concentration increase with no
change in the MCV in hibernating hamsters, which is
likely associated with a near doubling of the red blood
cell lifespan during this period (Reznik, 1975).

The neutrophils of some rodents were previously
called pseudoeosinophils and later, heterophils, because
their granules do not stain neutral with Romanowsky
stains but are distinctly eosinophilic (Parmley, 1988).
Because the neutrophils of hamsters and gerbils often
contain round to rod-shaped acidophilic cytoplasmic
granules, they are frequently called heterophils. The
heterophils of gerbils often have a ring-shaped nucleus
similar to those observed in rats and mice (Weeks
and Glomski, 1978). Hamster eosinophils contain
rod-shaped eosinophilic cytoplasmic granules compared
to the more round granules of mice, rats, and gerbils.
Eosinophils and basophils are rarely seen in the blood
films of normal hamsters and gerbils. Whenever
basophils are found, a nematodiasis should be suspected
(Zimmerman et al., 2010c).

The normal total leukocyte counts of gerbils resem-
ble those of mice rather than those of hamsters. The
nocturnal habit of the hamster affects the white blood
cells causing an increase in circulating heterophils (neu-
trophils) and thus the total leukocyte count when the
animal is more active (Smith et al., 2010). The total
leukocyte count of hibernating hamsters decreases with
a shift to an even heterophil: lymphocyte ratio from that
of non-hibernating hamsters where lymphocytes repre-
sent 60–80% of the leukocyte differential (Reznik, 1975).
Gerbils normally exhibit a high degree of polychromasia,
circulating reticulocytes, and stippled basophilia owing
to the short red cell life span of 9–10 days. The normal
hemogram of the gerbil is influenced by gender and age.
Gerbils less than 8 weeks of age exhibit a macrocytosis,
a panleukopenia, and an erythrocyte count that is half
that of a normal adult, and male gerbils generally have
higher MCV, Hb, packed cell volume (PCV), and MCHC
as well as higher leukocyte counts with higher absolute
lymphocytes compared to females (Heatley and Harris,
2009). Thus, the lymphocyte: neutrophil ratio of gerbils
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Fig. 1.6. (a) Platelets in the blood film of a ferret (Mustela puto-
rius furo), Wright–Giemsa stain; (b) platelets in the blood film
of an African hedgehog (Atelerix albiventris), Wright–Giemsa
stain.

is generally considered to be 6.1:1 for males and 3.2:1
for females (Mays, 1969).

Platelets

Mammalian platelets are composed of cytoplasmic
fragments that arise from megakaryocytes within the
bone marrow and participate in hemostasis. Platelets
are flat disks of the cytoplasm that contain cytoplas-
mic organelles (Figures 1.6a and 1.6b). They tend to be
round, but can vary slightly in shape and size. The anucle-
ated cytoplasm contains variable amounts of small purple
granules on Romanowsky-stained blood films. Platelets
are involved in the clotting process and are responsible
for the initial hemostatic plug to prevent hemorrhage
after vascular injury to the microcirculation. Because
of this function, they are often found in clumps on

10 μm

Fig. 1.7. Large platelets in the blood film of an African hedge-
hog (Atelerix albiventris), Wright–Giemsa stain.

blood films. Mammalian platelets are much smaller than
erythrocytes in the same blood film. Platelets that are
larger in size than erythrocytes are occasionally noted
in the blood film. These cells are called macroplatelets
or Shift platelets (Figure 1.7). These large platelets may
indicate an accelerated thrombocytopoiesis with early
release of immature forms into the circulating blood;
therefore, they are an indication of platelet regeneration
in some species.

Platelet numbers in the blood can be counted using
automated methods or manual techniques using a hema-
cytometer. The number of platelets present in a blood
film can be determined manually by counting the num-
ber of platelets per high-power field. A minimum of 5
platelets or range of 5–10 platelets per high-power field
(1000× magnification or oil-immersion field) would be
interpreted as an adequate number (Baker, 2004). Nor-
mal platelet concentrations for most mammals are greater
than 100 000/mL of blood. If excessive platelet clump-
ing is present, the platelet count may appear to be lower
than normal. The presence of clumping and its artifactual
effect on the platelet count can be confirmed by identify-
ing clumps of platelets at the feathered edge of the smear.

Platelet concentrations in rodents tend to be high
compared with those of larger domestic mammals and
platelet concentrations greater than 1 × 106 per μL are
common. The total platelet count of hamsters and gerbils
is similar to that of other rodents with an expected range
of 400–600 × 103/μL. A normal physiologic decrease in
the total platelet count may occur as seen in hibernating
hamsters (Reznik, 1975; Deveci et al., 2001).

Guinea Pigs (Cavia porcellus)
Erythrocytes

The Romanowsky-stained erythrocytes of guinea
pigs (Cavia porcellus) are round, anucleated, pink,
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Fig. 1.8. Normal erythrocytes and a basophil in the blood film
of a guinea pig (Cavia porcellus), Wright–Giemsa stain.

biconcave disks with a central pale area and a mean
diameter between 6.6 and 7.9 μm, larger than those
of most other rodents (Moore, 2000e) (Figure 1.8).
Polychromasia is commonly observed on guinea pig
blood films, which like those of true rodents, is directly
related to the short half-life of the erythrocytes. The
normal degree of polychromasia is 1.5% in adult guinea
pigs, but is much higher in young guinea pigs (4.5% in
juveniles) (Zimmerman et al., 2010b). The red blood
cell indices, such as the total erythrocyte count, PCV,
and hemoglobin concentration, of guinea pigs are
generally lower than those of true rodents (Marshall,
2008). Increased polychromasia/reticulocytosis and a
macrocytosis characterize regenerative responses to
anemia.

The normal erythrocyte parameters of guinea pigs
are influenced by a variety of factors, such as age and gen-
der. For example, 1-month-old or younger male guinea
pigs tend to have lower erythrocyte concentrations and
PCVs than older male guinea pigs (Jain, 1986). Male
guinea pigs tend to have higher erythrocyte concentra-
tions than females and females tend to have higher MCV
values than males (Mitruka and Rawnsley, 1981; Jain,
1986).

Leukocytes
The guinea pig heterophil is analogous to the neu-

trophil of other species. Guinea pig heterophils mea-
sure 10–12 μm in diameter, have a pyknotic segmented
nucleus, and contain cytoplasmic granules that stain
eosinophilic that often cause them to be referred to as
pseudoeosinophils in older references (Figures 1.9 and
1.11).

Guinea pig eosinophils (10–15 μm in diameter) tend
to be slightly larger than the heterophils in the same

10 μm

Fig. 1.9. Heterophils and lymphocyte (arrow) in the blood film
of a guinea pig (Cavia porcellus), Wright–Giemsa stain.

10 μm

Fig. 1.10. Eosinophil in the blood film of a guinea pig (Cavia
porcellus), Wright–Giemsa stain.

10 μm

Fig. 1.11. Basophil (arrow), heterophils, and lymphocyte
(arrowhead) in the blood film of a guinea pig (Cavia porcellus),
Wright–Giemsa stain.
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10 μm

Fig. 1.12. Large lymphocyte with azurophilic granules in the
blood film of a guinea pig (Cavia porcellus), Wright–Giemsa
stain.

blood film (Figure 1.10). They contain large round to
rod-shaped bright red cytoplasmic granules. The gran-
ules of eosinophils are larger than the granules of het-
erophils, making eosinophils easy to differentiate from
heterophils.

Guinea pig basophils are nearly the same size
of heterophils. Their cytoplasm is densely packed
with reddish-purple to black granules of variable sizes
(Figures 1.8 and 1.11).

Lymphocytes are the predominant leukocytes in the
differential of healthy guinea pigs (Figures 1.9, 1.11,
and 1.12). Small lymphocytes (approximately the size of
erythrocytes) are the most common form. They have a
round nucleus with condensed nuclear chromatin that
is surrounded by a narrow band of light blue cyto-
plasm with the Romanowsky stains. Large lympho-
cytes that are almost twice the size of small lympho-
cytes occur in fewer numbers. Large lymphocytes have
a slightly smaller nucleus:cytoplasmic ratio, less con-
densed nucleus, and more abundant blue cytoplasm that
often contains azurophilic granules (Figure 1.12).

Because guinea pigs are normally lymphocytic, the
response in early inflammation reveals an increase in
heterophils and decrease in lymphocytes with either a
normal leukocyte count or a leukopenia. Often, the total
platelet count is an important marker of inflammation
in guinea pigs as well as other small mammals where a
large increase in the platelet count (>1 000 000/μL) can
be seen without a change in total white blood cell count
(Riggs, 2009; Riggs and Mitchell, 2009).

Monocytes in guinea pig blood films are large
mononuclear leukocytes with an abundant blue-gray
cytoplasm that tends to be darker than that of large lym-
phocytes (Figure 1.13). The nuclear chromatin of mono-
cytes is usually more dispersed compared to that of large
lymphocytes.

10 μm

Fig. 1.13. Monocytes in the blood film of a guinea pig (Cavia
porcellus), Wright–Giemsa stain.

Approximately 3–4% of the leukocytes in the periph-
eral blood of adult guinea pigs are large mononuclear
cells that contain a single, large cytoplasmic inclusion
referred to as a Kurloff body (Jain, 1986) (Figures 1.14a
and 1.14b). These Foa-Kurloff cells are unique to cavies,
such as guinea pigs and capybaras. The finely granular
and occasionally vacuolated Kurloff bodies stain homo-
geneously red with Romanowsky stains and stain positive
with toluidine blue and Periodic acid-Schiff (PAS) (Jain,
1993). Kurloff bodies displace the cell nucleus, measure
1–8 μm in diameter, and consist of mucopolysaccharide
(Percy and Barthold, 2007; Marshall, 2008). They appear
to be influenced by sex hormones and occur in low num-
bers in immature male guinea pigs. The exact function
of these cells is not known, but many speculate that they
may function as killer cells (Eremin, 1980; Debout et al.,
1999; Moore, 2000e).

The normal leukogram of guinea pigs is influenced
by a variety of factors, such as age and gender. For
example, male guinea pigs tend to have more circulating
monocytes compared to females (Mitruka and Rawnsley,
1981). Also, female guinea pigs tend to have higher total
leukocyte counts than males until they reach the age of
4–6 months where the genders become more equal until
they reach 12 months of age when males tend to have the
higher counts (Jain, 1986).

The bone marrow evaluation of guinea pigs is the
same as that of other rodents and domestic mammals.
The normal myeloid:erythroid (M:E) ratio for these ani-
mals generally ranges between 1.2:1 and 1.6:1 (Marshall,
2008; Zimmerman, 2010b).

Chinchillas (Chinchilla lanieger)
The hematologic features of chinchillas resemble

those of mice and rats. As with rats and mice, polychro-
masia is normal finding in blood film. The neutrophils
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Fig. 1.14. (a) Lymphocyte with Kurloff body in the blood film
of a guinea pig (Cavia porcellus), Wright–Giemsa stain. (b)
Lymphocyte with Kurloff body in the blood film of a guinea pig
(Cavia porcellus), Wright–Giemsa stain.

Fig. 1.15. Normal erythrocytes in the blood film of a chinchilla
(Chinchilla lanigera), Wright–Giemsa stain (1000×).

Fig. 1.16. Heterophil in the blood film of a chinchilla (Chin-
chilla lanigera), Wright–Giemsa stain (1000×).

of chinchillas are typically hyposegmented, often resem-
bling neutrophils of dogs with the Pelger–Huët anomaly
(Figure 1.16). Like the guinea pig, the chinchilla is
normally lymphocytic; therefore, the hemic response
in early inflammation often reveals an increase in het-
erophils and decrease in lymphocytes with either a nor-
mal leukocyte count or a leukopenia.

Rabbits (Oryctolagus cuniculus)
Erythrocytes

The Romanowsky-stained erythrocytes of rabbits
are round, anucleated, pink, biconcave disks with an
average diameter of 6.8 μm; however, the presence
erythrocytes with a range of 5.0–7.8 μm makes reporting
of a significant anisocytosis, a common finding in the
hemogram of normal rabbits (Figure 1.17). The PCV
of healthy rabbits generally range between 30% and
50%. Polychromatic erythrocytes and reticulocytes are
common features of normal rabbit blood films. The
estimated half-life of rabbit erythrocytes is between 45
and 70 days (Vacha, 1983; Zimmerman et al., 2010a).
Polychromasia is typically observed in 2–4% of the
erythrocyte population of healthy adult rabbits. The
percentage of reticulocytes can be high (2.7-12.1%) in
rabbits less than 2 months of age, but drops to 50% as
much by 3 months of age and eventually leveling to 1.7-
4.3% in adults (Jacobson, 1978). Nucleated erythrocytes
and Howell-Jolly bodies are occasionally observed in
blood films from healthy rabbits (Moore, 2000f).

A general anesthetic is often used in clinical prac-
tice to restrain rabbits for obtaining blood samples,
but this practice does not appear to have an effect on
the hematologic test results (Melillo, 2007). However,
the normal erythrocyte parameters of rabbits can be
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10 μm

Fig. 1.17. Normal erythrocytes in the blood film of a rabbit
(Oryctolagus cuniculus), Wright–Giemsa stain.

influenced by a variety of other factors, such as age,
gender, and reproductive status. For example, rabbits less
than 6 months of age have lower red blood cell counts and
higher MCV and MCH values when compared to adults
(Bartolotti et al., 1989; Marco et al., 2003). Male rab-
bits tend to have slightly higher erythrocyte counts and
hemoglobin concentrations than females (Zimmerman
et al., 2010a). The total erythrocyte count, hemoglobin
concentration, and hematocrit values can be significantly
lower in the pregnant rabbits in the third trimester com-
pared to non-pregnant rabbits; however, the MCV value
increases (Kim et al., 2002). For best results in mea-
suring hematologic analytes in rabbits, the blood sam-
ples should be processed in a timely manner, preferably
within 1 hour after collection (Ameri et al., 2011).

Anemia is commonly associated with a variety of
diseases in rabbits. A regenerative response to an anemia
in the rabbit patient is characterized by increased aniso-
cytosis, polychromasia, nucleated erythrocytes, and pres-
ence of Howell-Jolly bodies. Infectious diseases often
result in increases in the number of nucleated erythro-
cytes. Erythrocyte fragility studies used as a diagnostic
aid in the detection of immune-mediated hemolytic ane-
mia in rabbits is based upon the sodium chloride concen-
trations whereby the first detectable hemolysis in normal
rabbits occurs at 0.5–0.3% NaCl (McLaughlin and Fish,
1994).

Leukocytes
The rabbit neutrophil is generally referred to as a

heterophil because the cytoplasm typically stains dif-
fusely pink with Romanowsky stains due to the fusion
of many small acidophilic granules (primary granules)
(Figures 1.18, 1.19, and 1.21). A variable number of
larger eosinophilic granules are also present. The het-
erophils of rabbits and some rodents were previously

10 μm

Fig. 1.18. Heterophil in the blood film of a rabbit (Oryctolagus
cuniculus), Wright–Giemsa stain.

10 μm

Fig. 1.19. Eosinophil (arrow) and heterophil in the blood film
of a rabbit (Oryctolagus cuniculus), Wright–Giemsa stain.

called pseudoeosinophils because their granules (the
larger secondary granules) do not stain neutral with
Romanowsky stains but are distinctly eosinophilic. The
rabbit heterophil normally measures between 10 and
15 μm in diameter. The polymorphic nucleus stains
light blue to purple with Romanowsky stains. Rabbit
heterophils are ultrastructurally, functionally, and bio-
chemically equivalent to neutrophils from other domes-
tic mammals and humans (Parmley, 1988). An occa-
sional heterophil with characteristics of the Pelger–Huët
anomaly may be observed in blood films from normal
rabbits. Rabbit heterophils are easily distinguished from
the eosinophils, which have large eosinophilic granules.

The eosinophils of rabbits measure between 12 and
16 μm in diameter; therefore, they are larger than the
heterophils in the same blood film (Figure 1.19). Also,


