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THE FELINE BLOOD FILM
2. Leukocyte and
platelet morphology

John W Harvey

Leukocyte morphology - normal and abnormal

Neutrophils

Cat neutrophils are similar in appearance to those of other domestic
mammals. The chromatin of the nucleus is condensed (dark-staining
clumped areas separated by lighter-staining areas) and segmented
(lobulated), and stains purple to blue (Figure la). Nuclear lobes
may be joined by fine
filaments, but often
there is simply a
narrowing of the
nucleus between lobes
without true filament
formation. The cyto-
plasm of neutrophils
often appears colorless,
but may appear pale
pink or faintly blue.

Low numbers of
band neutrophils may
be observed in normal
cats. Band neutrophils
have nuclei with paral-
lel sides and chromatin
that is less condensed
than that of mature
neutrophils  (Figure
1b). No area of the
nucleus has a diameter
less than two-thirds
the diameter of any
other area of the nucle-
us. Band nuclei often
appear U- or S-shaped
in blood films. Unless
toxic, their cytoplasm resembles that of mature neutrophils.!

A Barr body (sex chromatin lobe or drumstick) is present in a low
percentage of mature neutrophils from females and contains the inac-
tivated X chromosome (Figure 1c). Vesicular appendages (blebs) have
occasionally been recognized protruding from the nuclei of cat
neutrophils (Figure 1c).> The significance of nuclear blebs in cats is

Figure 1 Morphology of feline neutrophils. (a) Normal neutrophil.
(b) Band neutrophil. (c) Neutrophil from a female domestic
medium hair cat. A Barr body (sex chromatin lobe or
drumstick) is present (black arrow). Three nuclear vesicular
appendages (blebs) are also present (one is marked by a

red arrow); this cat was febrile and had suspected infection.
Blood film courtesy of Matthew Williams. (d) Purple granules

in the cytoplasm of an apparently healthy Siamese cat.
Wright-Giemsa stain
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Practical relevance: Many veterinary
practices have invested in quality
automated hematology instruments for
use in-house. However, regardless of
their specific choice of analyzer, there are
important hematology findings that can
only be determined by microscopic
examination of stained blood films. For this reason,
and also for the purpose of quality control for the
analyzer, a quick blood film review should be
performed alongside every automated complete
blood count. Even those practices that submit their
blood samples to outside diagnostic laboratories for
evaluation, still require the capability to examine
stained blood films in emergency situations.

Series outline: This is the second of a two-part
article series that aims to familiarize the practitioner
with normal findings on feline blood films, with a
particular focus on unique features in the cat,

as well as to assist with interpretation of common
abnormalities. Part 2 focuses on the morphology

of feline leukocytes and platelets in health and
disease.

Evidence base: The information and guidance
offered is based on the published literature and the
author’s own extensive clinical pathology research.

PART 1
‘The feline blood film:
1.Techniques and erythrocyte
morphology’
was published on pages 529-540
of the May 2017 issue of
J Feline Med Surg.
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Techniques

See Part 1 for
discussion of blood
sample collection
and handling, glass
slide blood film
preparation, and
the recommended
approach to
examination of
blood films.

Figure 2 Morphology of feline neutrophilic cells. (a) Large
granules in the cytoplasm of a Persian cat with Chédiak-
Higashi syndrome. (b) Neutrophil with Déhle bodies as the only
evidence of cytoplasmic toxicity. (c) Large toxic neutrophil with
foamy basophilic cytoplasm containing multiple darker blue
Dé&hle bodies. Reproduced from Harvey (2012)," with permission.
(d) Band neutrophil with foamy basophilic cytoplasm
containing Dohle bodies. Wright-Giemsa stain

unknown, but they have been seen in blood
from a guinea pig after irradiation and in
blood from humans with vitamin B12 defi-
ciency, hematopoietic neoplasms, and after
chemotherapy and irradiation.>?

Granules
Neutrophil granules either do not stain or
appear light pink in color with Romanowsky-
type blood stains. Toxic granulation refers to the
presence of magenta staining cytoplasmic gran-
ules, which consist of primary granules that
have retained the staining intensity normally
observed in promyelocytes in the bone marrow.
The presence of toxic granulation and cytoplas-
mic basophilia suggests severe toxemia. Toxic
granulation is most often seen in horses and is
rarely seen in cats. It must be differentiated
from reddish granulation in the cytoplasm of
healthy Birman cats and in some healthy
Siamese and Himalayan cats (Figure 1d).1*
Similar blue-to-magenta staining granula-
tion occurs in the cytoplasm of neutrophils
from cats with certain inherited lysosomal stor-
age disorders, including mucopolysaccharido-
sis types VI and VIL and GM2 gangliosidosis.!
Exceptionally large granules are present in
neutrophils from Persian cats with hereditary
Chédiak-Higashi syndrome (Figure 2a).>

A unique feature of the feline blood film
is the presence of Dohle bodies in neutrophils
in some apparently healthy cats.
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Toxic cytoplasm

When the cytoplasm of a neutrophilic cell has
increased basophilia, foamy vacuolation
and/or contains D6hle bodies, it is said to be
toxic (Figures 2b—d and 3). A semiquantitative
method for recording toxic cytoplasm is given
in Table 1 of Part 1. These morphologic abnor-
malities develop in neutrophilic cells within
the bone marrow prior to their release into the
circulation.® Toxic cytoplasm is primarily seen
in association with strong inflammatory
conditions. Nuclear abnormalities, including
karyolysis, karyorrhexis, hyposegmentation,
ring formation and binucleation, may also be
present in neutrophils with toxic cytoplasm.!
Toxic neutrophils are most often associated
with bacterial infections (eg, pneumonia, peri-
tonitis, septicemia); however, they may also
be observed in viral infections (eg, parvovirus
and upper respiratory viruses), and some
severe metabolic disorders (eg, ketoacidotic
diabetes and hepatic lipidosis).”

A unique feature in cats is the presence of
Déhle bodies in neutrophils from some appar-
ently healthy animals (Figure 2b). Dohle bod-
ies are bluish, angular cytoplasmic inclusions
of neutrophils and their precursors. They are
composed of retained aggregates of rough
endoplasmic reticulum. By themselves, these
inclusions are believed to represent evidence
of mild toxicity. In other species they typically
occur with more pronounced evidence of
cytoplasmic toxicity (cytoplasmic basophilia
and/or foamy cytoplasmic vacuolation).!

Cytoplasmic toxicity is often present in cats
with pronounced left shifts in blood, but can
occur without a left shift. Neutrophil counts
may be low, normal or high when toxic cells
are present.’

Figure 3 Toxic left shift in blood from a cat with pyothorax.
A band neutrophil (black arrow), early neutrophilic
metamyelocyte (red arrow) and two neutrophils exhibit
markedly basophilic cytoplasm. Wright-Giemsa stain
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Figure 4 Toxic left shift in a cat with a leukemoid reaction (leukocyte count Figure 5 Band neutrophil (left), bilobed neutrophil (center) and eosinophilic
101 x 10%/1) resulting from a large draining abscess containing maggots. myelocyte (right) in the blood of a cat with Pelger-Huét anomaly. Wright-
A toxic neutrophil (bottom left), toxic metamyelocyte (left), toxic myelocyte Giemsa stain. Reproduced from Harvey (2012)," with permission

(top right), band neutrophil (right center) and neutrophil (bottom right) are
present. Wright-Giemsa stain

Pelger-Huét anomaly
Stages in the development of neutrophils Cats (as well as dogs and horses) that are
Neutrophils are produced from precursor cells in bone marrow. The most heterozygous for inherited Pelger-Huét anom-

immature stage is the myeloblast (round nucleus, containing one or more aly exhibit hyposegmentation of neutrophilic
nucleoli, and gray-blue cytoplasm), followed by the promyelocyte (round cells. The cells have condensed nuclear chro-

nucleus with lacey to coarse chromatin and purple granules in gray-blue
cytoplasm), myelocyte (round nucleus with increased chromatin condensa-
tion and lighter blue cytoplasm than the promyelocyte),
metamyelocyte(indented nucleus with increased condensation and light blue
cytoplasm), band neutrophil and mature segmented neutrophil.

Left shift

In normal cats, mature neutrophils and, some-
times, low numbers of band neutrophils are
released from bone marrow into the blood.
The presence of increased numbers of
non-segmented neutrophilic cells (see box) in
the blood is referred to as a left shift. Increased
numbers of band neutrophils are seen in
blood (Figure 2d), with metamyelocytes and
myelocytes present less often, and promyelo-
cytes and myeloblasts rarely encountered
(Figure 3).!

Left shifts are usually associated with
inflammatory conditions. These inflammatory
conditions are often infectious, but they may
be non-infectious. The term ‘leukemoid reac-
tion’ is used when a marked neutrophilia with
left shift back to at least myelocytes occurs in
association with an inflammatory condition
(Figure 4).! Leukemoid responses are general-
ly associated with localized purulent inflam-
matory conditions.® Prominent left shifts are
also present in animals with chronic myeloid
leukemia and Pelger-Huét anomaly; how-

matin with few or no nuclear constrictions
(Figure 5). Nuclei may be round, oval, kidney,
band, peanut or bilobed in shape. These
heterozygous animals show no clinical signs
associated with this disorder. Homozygous
affected animals die in utero or shortly after
birth.”1% Pseudo-Pelger-Huét cells may occur
transiently with infections (especially feline
leukemia virus [FeLV]), in myeloid neoplasms
or, occasionally, with chemotherapy.!'!?

Hypersegmentation (right shift)

Hypersegmentation has generally been
defined as the presence of five or more dis-
tinct nuclear lobes within a neutrophil (Figure
6a). Hypersegmentation occurs as a normal
aging process and most often reflects pro-
longed transit time in blood, as can occur with

ever, P.elger Huét .anomaly is rare and chronic Figure 6 Abnormal neutrophil morphology. (a) Hypersegmented neutrophil in blood from a cat

myeloid leukemia has not been clearly  with myelodysplastic syndrome. Reproduced from Harvey (2012)," with permission. (b) Toxic

documented in cats. donut-shaped neutrophil and toxic giant band neutrophil in blood from a cat with pyothorax.
Wright-Giemsa stain
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Figure 7 Acute myeloid leukemia in a cat. Most round cells (myeloblasts and Figure 8 Blood from a cat with erythroleukemia (AML-MS6). Large pale cells are
myelocytes) were peroxidase positive. A band neutrophil (bottom center) is also  predominantly myeloblasts. A basophilic rubriblast (black arrow) and a rubricyte
present. Wright-Giemsa stain with nuclear lobulation (red arrow) are also present. Wright-Giemsa stain

resolving chronic inflammation, gluco-
corticoid administration or hyperadreno-
corticism.! Hypersegmentation may also be
present in myeloid neoplasms.'* Neutrophilic
hypersegmentation has been described in a

organisms appear as unstained rods within
the cytoplasm (Figure 9b); with acid-fast
stains these organisms stain red.! Hepatozoon
felis gamonts may be seen in neutrophils and
monocytes (Figure 9¢).'® This organism

cat with folate deficiency.!* appears to cause subclinical disease in cats.!
Leishmania organisms have also been reported
Dysgranulopoiesis in neutrophils from a cat (Figure 9d).'”

Giant neutrophils with nuclear abnormalities

are most often seen in cats with intense i . . i
inflammatory diseases and/or dysgranulo- Bacteria are rarely recognized in neutrophils
poiesis (Figure 6b). They may exhibit normal in feline blood films even though bacteremia
nuclear morphology or appear hyper-
segmented. Dysgranulopoiesis is seen in is common in cats.
acute myeloid leukemias, myelodysplastic
syndromes, FeLV infections, and feline
immunodeficiency virus (FIV) infections.
Neutrophils with donut-shaped nuclei also
appear to be more common in cats with
intense inflammatory responses, as well as
with myeloid neoplasms.!

Acute myeloid leukemia

Myeloid neoplasms are characterized by the
clonal proliferation of one or more of the non-
lymphoid marrow cell lines (granulocytic, F r

monocytic, erythrocytic or megakaryocytic)
in bone marrow. In cats with acute myeloid
leukemia, myeloblasts and other immature
granulocytes may be present in blood, either
alone (Figure 7), with monoblasts or with
erythroblasts (Figure 8).!

Infectious agents c d

Bacteria are rarely recognized in neutrophils

present in feline blood films even though
bacteremia is common in cats. Except for
Mycobacterium species, bacterial rods and
cocci stain blue with Romanowsky-type blood
stains (Figure 9a). In contrast, Mycobacterium
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Figure 9 Feline neutrophils with phagocytized infectious
organisms. (a) Bacterial rod in a neutrophil from a cat with a
bacteremia. (b) Mycobacterium organisms in a neutrophil;
these do not stain and appear as clear linear structures.

(c) Hepatozoon felis gamont in a neutrophil. Reproduced from
Lloret et al (2015), with permission. Image courtesy of G Baneth.
(d) Leishmania amastigote in a feline neutrophil. Reproduced
from Harvey (2012),” with permission. Image courtesy of M Santos
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Figure 10 Feline eosinophils
containing rod-shaped
granules. (a) Bilobed mature
eosinophil. (b) Band
eosinophil. Wright-Giemsa
stain

Eosinophils

Eosinophils are so named because their
granules have an affinity for eosin, the red
dye in Romanowsky-type blood stains. In
most animal species, eosinophils have round
granules, but those from domestic cats
have rod-shaped granules. The nucleus of
eosinophils is similar to that of neutrophils,
but tends to be less lobulated (often divided
into only two lobes) (Figure 10a). Band
eosinophils are common in some animals
(Figure 10b); they are not usually separated
from segmented eosinophils during differen-
tial counts because they are generally of little
clinical significance. Like neutrophils, hypo-
segmentation of eosinophils is seen in cats
with Pelger-Huét anomaly.

Eosinophilia occurs in disorders that result
in increased interleukin (IL)-5 production. It
may accompany parasitic diseases, especially
those caused by nematodes and flukes.
Eosinophilia may also occur in association
with eosinophilic inflammatory conditions of
organs that normally contain numerous mast
cells, such as skin, lung and intestine; and
may be present in animals with IgE-mediated
allergic hypersensitivity reactions, such as
flea-bite allergies and feline asthma. Marked
eosinophilia with extensive eosinophilic
organ infiltrates in cats and humans has
been classified as either chronic eosinophilic
leukemia or hypereosinophilic syndrome.!

Basophils

The cytoplasm of basophils is generally pale
blue in color. The basophils of domestic cats
are distinctive. Most of their granules are
round or oval and stain light lavender (or
mauve) in color (Figure 11a). Some basophils
have purple granules in addition to the light
lavender ones, as is seen in basophil precur-
sors in the bone marrow (Figure 11b). The
granules typically fill the cytoplasm, giving
the nucleus of feline basophils a moth-eaten
appearance. Band basophils are not usually
separated from segmented basophils during
differential counts because they are generally
of little clinical significance, and they may be
difficult to identify with certainty when gran-
ules obscure the nucleus.

Basophils can be difficult to recognize in
blood films prepared with aqueous stains,
such as Diff-Quik, because granules do not
stain as well with these stains. Basophilia is
generally associated with immunoglobulin
(Ig)E-mediated disorders. When present,
basophilia usually accompanies eosinophilia.
Basophilia may occur in some cats with mast
cell tumors, primarily non-cutaneous types.!

Lymphocytes

Most lymphocytes reside within lymphoid
organs (lymph nodes, thymus, spleen and
bone marrow), with only a small percentage
circulating in the blood. T lymphocytes are

Figure 11 Feline basophils.
(a) Basophil containing
many light lavender
granules in the cytoplasm.
(b) Basophil with a mixture
of light-lavender and purple
granules. The pale granules
overlying the nucleus give it
a moth-eaten appearance.
Wright-Giemsa stain

Band
eosinophils and
band basophils

are generally
of little clinical
significance,
and are
not usually
separated
from their
segmented
counterparts
during
differential
counts.
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most numerous, followed by B lymphocytes
and natural killer (NK) cells.

Most lymphocytes are small to medium in
size, but some large lymphocytes may be
present (Figure 12a—c). They have high (>1.0)
nuclear-cytoplasmic (N:C) ratios, with the
highest ratios in small lymphocytes and the
lowest ratios in large NK cells. The cytoplasm
of unstimulated blood lymphocytes is usually
pale blue in color. Granules are generally
absent or low in number, unless the cell is a
granular lymphocyte. Lymphocyte nuclei are
usually round but may be oval or slightly
indented. Nuclear chromatin varies from
condensed and densely staining, to a pattern of
light and dark staining areas, to lighter-stain-
ing nuclei with smooth chromatin.!

Granular lymphocytes

Like other domestic mammal species, a low
percentage of cat lymphocytes in blood have
focal accumulations of red or purple staining
granules within the cytoplasm (Figure 12d).
These granular lymphocytes may be cytotoxic
T lymphocytes or NK cells.! Increased num-
bers of granular lymphocytes may occur dur-
ing acute FIV infections.”® Lymphocytes with

JFMS CLINICAL PRACTICE

Figure 12 Normal
lymphocyte morphology.
(a) Small lymphocyte.

(b) Medium-sized
lymphocyte.

(c) Large lymphocyte.
(d) Granular lymphocyte.
Wright-Giemsa stain

Figure 13 Two neoplastic
large granular lymphocytes
in blood from a cat with
metastatic large granular
lymphoma. Granules are
larger than those seen in
non-neoplastic granular
lymphocytes. Wright-
Giemsa stain

Figure 14 Abnormal
lymphocyte morphology.
(a) Vacuolated lymphocyte
from a Korat cat with
inherited GM2
gangliosidosis.

(b,c) Reactive lymphocytes
with increased cytoplasmic
basophilia. (d) Reactive
lymphocyte with
cytoplasmic Russell bodies

containing immunoglobulin.

Wright-Giemsa stain

exceptionally large magenta staining granules
may be seen in the blood and bone marrow
of cats with metastatic large granular lym-
phomas (Figure 13). Most of these large
granular lymphomas appear to originate as
intestinal tumors composed of cytotoxic T
lymphocytes. This neoplasm is not associated
with FeLV infection.! Basophilic granules may
be seen in the lymphocytes of cats with inher-
ited mucopolysaccharidosis types VI and VII.!

Vacuolated lymphocytes

Cytoplasmic vacuoles may be seen in lympho-
cytes associated with a variety of neoplastic and
non-neoplastic disorders. Discrete vacuoles may
occur in the cytoplasm of lymphocytes from cats
with inherited lysosomal storage diseases,
including mucopolysaccharidosis type VII,
GM1 and GM2 gangliosidosis (Figure 14a),
a-mannosidosis and Niemann-Pick type dis-
eases. Basophilic granules and vacuoles may not
become apparent in some lysosomal disorders
until the affected animal reaches adulthood.!

Reactive lymphocytes

Lymphocytes proliferate in response to anti-
genic stimulation. They increase in size and
exhibit increased cytoplasmic basophilia
(Figure 14b,c). These antigenically stimulated
cells mostly remain in peripheral lymphoid
tissues, but may enter the circulation, although
usually in low numbers. Some reactive lym-
phocytes are large with convoluted nuclei sim-
ilar to monocytes, except that their cytoplasm
is more basophilic (navy blue color) than cyto-
plasm seen in monocytes. These cells can also
be difficult to differentiate from some neoplas-
tic lymphocytes. Some reactive lymphocytes
are plasmacytoid (plasma cell-like) in appear-
ance. Occasional lymphocytes contain pinkish
or bluish globules (Russell bodies) within the
cytoplasm (Figure 14d).!




Figure 15 Blood film from a cat with acute lymphoblastic
leukemia, showing two large lymphoblasts. Wright-Giemsa
stain

Neoplastic lymphocytes

Lymphocytes that are present in high numbers
in the blood of cats with chronic lymphocytic
leukemia have the morphology of normal lym-
phocytes. Lymphoblasts and prolymphocytes
are present in the blood of some cats with
lymphoma and acute lymphoblastic leukemia
(Figure 15). These neoplastic lymphocytes are
large and, compared with normal blood
lymphocytes, exhibit increased cytoplasmic
basophilia and less condensed nuclear
chromatin. Nucleoli may or may not be clearly
visible in the nuclei of these neoplastic cells.!

Plasma cells

Plasma cells have lower N:C ratios and
increased cytoplasmic basophilia compared
with resting lymphocytes. The presence of
prominent Golgi may create a pale perinuclear
area in the cytoplasm. Plasma cells typically
have eccentrically located nuclei with coarse
chromatin clumping in a mosaic pattern. They
are present in lymphoid organs (except the
thymus), and are rarely observed in blood even
when plasma cell neoplasia (myeloma-related
disorders) is present (Figure 16).202!

Monocytes

Monocytes are usually larger than lympho-
cytes, have nuclei that are more variable in
shape and N:C ratios of <1.0. The monocyte

Figure 18 Disrupted intermediate Cytauxzoon felis schizont
at the feathered end of a blood film. The large round magenta
nucleus containing a blue nucleolus is from the host
macrophage. Wright-Giemsa stain
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Figure 16 Neoplastic
plasma cells in the blood
of a cat with a metastatic
plasma cell neoplasm
involving bone marrow.
There is increased
basophilia between cells
and prominent rouleaux
formation because

a monoclonal
hyperglobulinemia

was present. Wright-Giemsa
stain

Figure 17 Mononuclear
phagocyte morphology.
(a,b) Normal monocyte
morphology. (c) Macrophage
at the feathered end of a
blood film from a cat with
Mycoplasma haemofelis
infection. The magnification
of this image is less than
others in this group.

(d) Monocyte with a
phagocytized erythrocyte
in blood from a cat with

M h. felis infection.

Figure 19 Mast cell (left)
and basophil (right) in blood
from a cat with splenic mast
cell neoplasia. The round
nucleus of the mast cell is
nearly obscured by the large
numbers of cytoplasmic
granules present. Wright-
Giemsa stain

Wright-Giemsa stain

nucleus may be round, kidney-shaped or
convoluted, with chromatin that is diffuse or
mildly clumped (Figure 17a). The cytoplasm is
typically gray-blue and often contains vari-
ably sized vacuoles (Figure 17b); less often,
dust-like pinkish or reddish-purple granules
may be visible. Monocytes develop into
macrophages after they leave the blood and
enter tissue. In some disorders, mononuclear
phagocytes in blood become activated and
enlarged, and resemble macrophages (Figure

17¢).1
Erythrophagocytosis by monocytes may be
observed in primary or secondary immune-
mediated hemolytic anemia (Figure 17d).
Remarkably large macrophages containing
schizonts of Cytaux-

)

zoon felis may be seen
in cats with cytaux-
zoonosis, especially
at the feathered end
of the blood film
(Figure 18).

Y

Mast cells

Mast cells have bio-
chemical character-
istics  similar to
basophils and share a
common progenitor

JFMS CLINICAL PRACTICE
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cell in the bone marrow. However, they are not
normally found in blood because they develop
in tissues from morphologically unidentifiable
precursor cells released into blood from bone
marrow. Mast cells have round nuclei, rather
than the segmented nuclei of basophils. They
contain large numbers of purple to dark blue
granules. Granules in cat basophils are general-
ly larger than those in mast cells and most
appear light lavender with methanolic,
Romanowsky-type blood stains (Figure 19). In
contrast to dogs, where mast cells may be pres-
ent in low numbers in various disorders, mast
cells are rarely seen in the blood of cats in the
absence of mast cell neoplasms.?

Platelet morphology - normal
and abnormal

Blood platelets (thrombocytes) are small,
round-to-oval, anucleated cell fragments (thin
discs when unstimulated) that are produced
by megakaryocytes in the bone marrow.
Platelet cytoplasm appears light blue with
many small reddish-purple granules when
visualized using Romanowsky-type blood
stains. Cat platelets are larger and more vari-
able in size than those of other domestic mam-
mals (Figure 20a). The unique structure of the
M loop region of the al-tubulin gene may con-
tribute to the variability in platelet size.?

Cat platelets are especially prone to be acti-
vated and aggregate during blood collection
and handling. Partially activated platelets are
no longer discs but have thin cytoplasmic
processes extending from a spherical cell body.
When platelets are more fully activated, their
granules are crushed together by a surround-
ing web of microtubules and microfilaments,
and this central aggregate of platelet granules
may be mistaken for a nucleus (Figure 20b).
Following degranulation, platelet aggregates
appear as light blue material which may

Figure 21 Aggregate of largely degranulated platelets.
Wright-Giemsa stain
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Figure 20 Morphology of platelets. (a) Aggregate demonstrating the large size and
variable size of feline platelets. The platelet at the bottom is larger than seen in most cats.
(b) Macroplatelet in blood from a cat with erythroleukemia. Wright-Giemsa stain

It is important
to examine the
feathered end
of blood films,
where large
cells and
aggregates
of cells
(especially
platelets)
may be
concentrated.

Figure 22 Large elongated
platelets from a Ragdoll cat
that was homozygous for the
F385Y change in the gene
encoding for g1-tubulin.
Wright-Giemsa stain.
Courtesy of EA Spangler

potentially be overlooked by an inexperienced
observer (Figure 21).

The presence of platelet aggregates results
in erroneously low platelet counts. Even in the
absence of platelet aggregation, many elec-
tronic cell counters cannot accurately count
cat platelets in whole blood, because their
large size makes them difficult to separate
from erythrocytes based on cell volume.
Consequently, it is essential that a stained
blood film is examined for platelet numbers
before a thrombocytopenia is recorded in a
hematology report.!

As in other mammalian species, the presence
of frequent macrothrombocytes in a thrombo-
cytopenic cat suggests that enhanced throm-
bopoiesis is present; macrothrombocytes may
also be present in thrombocytopenic cats with
FeLV infection and/or myeloid neoplasia
(Figure 20b).!® Large enlongated platelets were
observed in blood from a Ragdoll cat that was
homozygous for the F385Y change in the gene
encoding for f1-tubulin (Figure 22).2

Anaplasma platys (formerly Ehrlichia platys)
is a rickettsial parasite that specifically infects
platelets and causes infectious cyclic thrombo-
cytopenia in dogs. Similar-appearing inclu-
sions have been seen in platelets from a cat,
and this organism has been identified in cats
using PCR.*
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I Miscellaneous cells and parasites in blood

Degenerative cells, mitotic cells (Figure 23a) and other cells
not typically seen in blood may be recognized during blood film
examination. Free nuclei are commonly seen in blood films when
cells are lysed during blood film preparation (Figure 23b).
Lymphocytes are the most likely blood cell type to lyse during
blood film preparation.’

Bacteria (Figure 24), including Borrelia species relapsing fever

spirochetes (Figure 25a),?> may be seen free in blood. However,
bacterial rods and cocci located outside blood cells usually
result from contaminated stain. Blood films may also have
extracellular protozoa, such as Sarcocystis species (Figure 25b);
and microfilariae (nematode larvae), including Dirofilaria immitis
(Figure 26), Dirofilaria repens, Brugia malayi and Brugia
pahangi.?5:?

Figure 24 Bacteria
free in the plasma

of a cat with marked
leukopenia and
septic shock. A toxic
karyolytic neutrophil
is present. Harleco
Fucillo stain.
Photograph from a
stained blood film from
a 2014 ASVCP slide
review submitted by
JE Stickle

Figure 23 Mitotic figure and lysed cell. (a) A
cell in telophase of division in blood from a cat
with M haemofelis infection and regenerative
anemia. The cell was most likely a lymphocyte
based on the cytoplasmic basophilia, but an
early nucleated erythroid precursor is also

possible. (b) Monocyte (left) and free nucleus
from a lysed cell (right). Nuclei with this net-
like appearance have been called basket cells,
even though they are not intact cells. Wright-
Giemsa stain

Figure 25 Infectious organisms free in plasma. (a) Relapsing fever spirochete (Borrelia persica) in blood
from a cat. Courtesy of G Baneth. (b) A Sarcocystis species tachyzoite in the plasma of a cat (arrow). Two
platelets and multiple erythrocytes are present. Wright-Giemsa stain. Photograph from a stained blood film
from a 2015 ASVCP slide review submitted by N Zitzer, MJ Radin, M Wellman and A Marsh

Figure 26 Dirofilaria immitus
microfilaria in blood from a cat with
heartworm di Wright-Gi
stain. Reproduced from Harvey
(2012)," with permission

JFMS CLINICAL PRACTICE
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KEY

Cat neutrophils appear similar to those of other domestic mammals. Examination of
neutrophils in the feline blood film may reveal cytoplasmic granules, toxic cytoplasm,
left shift, Pelger-Huét anomaly, hypersegmentation, dysgranulopoiesis, acute myeloid
leukemia or infectious agents.

In contrast to other domestic mammals, which have round eosinophil granules,
eosinophils from domestic cats have rod-shaped granules. The eosinophil nucleus
is similar to that of neutrophils, but tends to be less lobulated.

The basophils of cats are distinctive, with light lavender granules typically filling the
cytoplasm, giving the nucleus a moth-eaten appearance.

Examination of lymphocytes in the feline blood film may reveal those that are granular,
vacuolated, reactive or neoplastic, and may also show plasma cells.

Monocytes are usually larger than lymphocytes, have lower nucleus to cytoplasmic ratios
and have nuclei that are more variable in shape.

Mast cells are not normally found in blood. They have round nuclei and contain large
numbers of purple to dark blue granules, and generally indicate the presence of mast cell
neoplasia.

Feline blood platelets are round-to-oval anucleated cell fragments. They are larger and
more variable in size than those of other domestic mammals.

Degenerative cells, mitotic cells and other cells not typically seen in blood may be
recognized during blood film examination. Extracellular protozoa, microfilariae and
bacteria may also be seen in blood; however, bacterial rods and cocci located outside

of blood cells are usually the result of contaminated stain.
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