


PPREFACE

The purpose of this book is to provide the fundamen-
tals for recognizing the normal and abnormal mor-
phalogical features of blood cells of the common do-
mestic species including dogs, cats, horses, ruminants,
and llamas. To accomplish this, photomicrographs
that show many of the common, as well as some of the
less common, blood abnormalities seen in domestic
species are presented, accompanied by short morpho-
logical descriptions, A high proportion of the pho-
tomicrographs is of canine blood smears, but many of
the abnormalities shown occur in other species as
well. Those that are unique to one species are men-
tioned. Attempts were made to be as complete as pos-
sible, but, clearly, not all abnormalities that can be
found in the blood are shown. There is a list of selected
references that may be helpful to evaluate a morpho-
logical feature that is not described in this book.
Throughout the book, in addition to the morphologi-
cal features of the blood cells, some of the more com-
mon diseases or pathophysiological states in which
these abnormalities may occur are mentioned. These
lists of disease states are not always totally inclusive of
all possible states in which these abnormalities may
occur, and the readers are again referred to more-
complete treatises of hematology in the references,

Wright's stain was used on the majority of blood
smears that were photographed, If another stain was
used, it is stated in the figure legend. If no stain is
mentioned in the figure legend, the stain used was
Wright's. The color reproductions of the cells were
kept as consistent and as accurate as possible. The de-
scriptions in the text and figure legends highlight
these characteristics, However, depending on the ex-
act type of stain used by the reader, the color of blood
cells may be slightly different from those described in
the text. Some of the major differences in staining are
described in Chapter 10, Miscellaneous Findings.

The microscope objective that was used to take the

photomicrographs is also listed in the figure legend,
The objective is listed instead of the total original mag-
nification in an attempt to make it easier to under-
stand how a cell, inclusion, etc. would appear on the
reader’s microscope. The final magnification of all the
figures is similar so that figures with the same objec-
tive listed can be compared directly.

This textbook should be useful to the novice and ex-
perienced hematologist alike. The glossary, which de-
fines many of the terms used in the text, may be more
useful to the novice. Two appendixes, which present
methods used in the Purdue University Veterinary
Teaching Hospital Clinical Pathology Labaratory for
semiquantitation of some of the morphological abnor-
malities, may be useful to the novice as well as the ex-
perienced hematologist, These appendixes should be
helpful guidelines for reproducibly recording mor-
phological abnormalities that may be present in a
blood smear.

Finally, we have many people to thank for their as-
sistance in developing this atlas. First and most im-
portant are our families, who provided us with the
time and support to pursue this project. Special thanks
go to Julie Clements-Reagan for her contribution to
the graphic design of the book and to Colleen Sher-
man for her word processing support. We also thank
the technicians and clinical pathology residents of the
Furdue University Veterinary Teaching Hospital Clin-
ical Pathology Laboratory for suggestions on content,
as well as help in acquiring the case material used in
the book. Some additional material was obtained from
glass slides that were submitfed to the American Soci-
ety of Veterinary Clinical Pathology (ASVCP) annual
slide review; those slides are identified in the legends.
We thank the society and contributors for this mater-
ial, Finally, we appreciate the support and opportunity
that lowa State University Press has given us to de-
velop this resource.
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CHAPTER ONE

HEMATOPOIESIS

(GENERAL FEATURES

All blood cells have a finite life span, but in normal an-
imals the numbers of cells in circulation are main-
tained at a fairly constant level. To accomplish this,
cells in circulation need to be constantly replenished,
and this occurs by the production and release of cells
from the bone marrow. Production sites in the bone
marrow are commonly referred to as medullary sites.
In times of increased demand, production can also oc-
cur outside the bone marrow in sites such as spleen,
liver, and lymph nodes, These sites are called ex-
tramedullary sites.

Hematopaoiesis, the production of blood cells, is a

complex and highly regulated process. All bload cells
in the bone marrow arise from a common stem cell.
This pluripotent stem cell gives rise to several stages
of committed progenitor cells, which then differenti-
ate into cells 'of the erythrocytic, granulocytic,
megakaryocytic, and agranulocytic (monocytic and
lymphocytic) lineages. The end result of this develop-
ment process is the release of red blood cells, white
blood cells, and platelets into the circulation. At the
light microscopic level, it is impossible to accurately
identify the early stem cells in the bone marrow, but
the more differentiated stages of development can be
identified and are graphically depicted in Figure 1.1
and described on the following pages.
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4 HEMATOPOIESIS

Figure 1.2 shows a histological section of a bone
marrow core biopsy from a dog. Note that there is a
mixture of approximately 50% hematopoietic cells
and 50% fal that is surrounded by bony trabeculae,
The specific types of bone marrow cells can be diffi-
cult to recognize in histological sections at this low-

Figure 1.2, Histological section of canine bane marrow.
Pink bony trabeculae are present in the lower left corner,
lower right corner, and top of the photomicrograph and sur-
round the hematopoietic cells and fat. The fat is the round ta
oval, clear areas. The erythrocytic and granulocytic precur-
sor cells are the many small, round purple structures, The
larger, densely staining purple structures distributed
throughout the marrow space are megakaryocytes. Canine
bone marrow core biopsy; hematoxylin and eosin stain; 10x
objective.

power magnification, but the very large cells present
are megakaryocytes. Cells are easier to identify on a
smear from a bone marrow aspirate {Figure 1.3). The
cells that are present include erythrocytic and granu-
locytic precursors, and a megakaryocyte. To classify
these three different cell types, there are some general

Figure 1.4. Ervthrocytic precursors. The majority of the
intact cells present are early erythrocytic precursors with
centrally located round nuclel and deep blue cyloplasm,
The cells with round eccentrically placed nuclei and red-
dish-blue cytoplasm are late-stage erythrocytic precursors,
The largest cell in the right center of the field that has small
pink granules in the cytoplasm is a promyelocyte. Canine
bone marrow smear; 100x objective.

Figure 1.3. Megakaryocyte, erythrocylic precursors, and
granulocytic precursors, The megakaryocyte is the largest
cell located in right center of the field, The early erythrocytic
precursors have central round nuclei and deep blue cyto-
plasm, The early granulocytic precursors have oval to in-
dented nuclei and blue eytoplasm. There is a granulocytic
predominance in this field, Canine bone marrow smear;
S0x objective,

Figure 1.6, Granulocytic precursors, The majority of the
intact cells present are granulocytic precursors with oval to
indented nuclei and blue cytoplasm, The larger immature
forms have small, pink cytoplasmic granules. The cyto-
plasm becomes less blue as the cells mature. Canine bone
marrow smear; 100x objective,




HEMATOPOIESIS 5

features that can be used. Mugakaryucy tes are easy o
distinguish by their very large size; the majority of
them are 100 to 200 pm in diameter compared to ap-
proximately 20 to 30 ym for the largest granulocytic or
erythrocytic precursors.

Cells of the erythrocytic lineage can be initially dis-
tinguished from those of the granulocytic lincage
based upon nuclear shape and color of cytoplasm
(Figures 1.4 and 1.5). Cells of the erythrocytic lineage
have very round nuclei throughout most stages of de-
velopment. In contrast, the nuclei of cells of the gran-
ulocytic lineage become indented and segmented as
they mature. In addition, the cytoplasm of early ery-
throcytic precursors is much bluer (han that of the
gTanulurytir PrecuUrsors.

There are several additional common morphologi-
cal features that occur during development of both
erythrocytic and granulocylic precursors. Both cell
and nucleus decrease in size as they mature. As cells
loge their capacity to divide, there is a loss of nucleoli
and a condensation of nuclear chromatin, Changes in
the cytoplasm are also occurring. As the hemoglobin
content in erythrocylic precursors increases, the cyto-
plasm becomes less blue and more red. As maturation
proceeds in the granulocytic cells, the cyleplasm also
becomes less blue.

ERYTHROPOIESIS

There are several stages of erylhrocyte development
that are recognizable in the bone marrow. Figure 1.6

depicts erythrocyte development and Plate 1 shows
the morphology of all erythrocytic precursors. Briefly,
erythrocyte development is as follows.

The rubriblast is the first morphologically recogniz-
able erythrocytic precursor, The rubriblast is a large
round cell with a large round nucleus with coarsely
granular chromatin and a prominent nucleolus. These
cells have small amounts of deep blue cytoplasm. The
rubriblast divides to produce twao prorubricytes.

The prorubricyte is round and of equal size or
sometimes larger than the rubriblast. The nucleus is
round with a coarsely granular chromatin pattern. A
nucleolus is typically not present. There is a small
amount of decp blue cytoplasm, often with a promi-
nent perinuclear clear zone. Each prorubricyte divides
to form two rubricytes,

The rubriL'}-’Ie 15 smaller than the pr:]rubricyte, The
nucleus is still round, and the coarsely granular chro-
malin is more condensed compared to the earlier
stages, There is a small amount of deep blue cyto-
plasm, although some of the more mature rubricytes
have reddish-blue cytoplasm. At the rubricyte stage,
there are two divisions; (he rubricytes then mature
into metarubricytes.

The metarubricyte is smaller than the rubricyte, The
nucleus is round to slightly oval, is centrally to eccen-
I|'ic:u]1}-‘ located, and has very condensed chromatin.
There is a moderate amount of blue to reddish-blue
C}-'mp]d:\'-m, From the m(’mrleri(‘ytg‘ stage an, there is
no further division of the cells, just maturation.

The highly condensed pyknotic nucleus of the
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Figure 1.6,  Owverview of erythropoiesis.




6 HEMATOPOIESIS

metarubricyte is extruded from the cell, and this cell
becomes a polychromatophil. Polychromatophils are
round cells without a nucleus and have bluish cyto-
plasm. As a polychromatophil matures, it becomes
less blue and more red to become a mature red blood
cell. The mature red blood cells have species-
dependent morphological features, which are de-
scribed in Chapter 2,

GRANULOPOIESIS

Granulopoiesis is depicted in Figure 1.7 and Plate 2. In
the bone marrow, there are three types of granulo-
cytes, which include cells of the neutrophilic,
eosinophilic, and basophilic lineages. Cells of the neu-
trophilic lineage are the predominant type of granulo-
cyte present, and their development is described first.

The myeloblast is the first recognizable granulocytic
precursor in the bone marrow. 1t is a large cell with a
round to oval nucleus with a finely granular chro-
matin pattern and one or more prominent nucleoli.
The amount of cytoplasm is small to moderate and
blue. Each myeloblast divides to form two promyelo-
cytes. Promyelocytes look similar to mycloblasts ex-
cept they may not have nucleeli, and they may have a
perinuclear clear zone within the cytoplasm, The dis-
tinguishing feature of promyelocytes is that they con-
tain multiple, very small pink to purple granules in
the cytoplasm; these are known as primary granules,

Promyelocytes divide to produce myelocytes.

The myelocyte is smaller than the earlier precursors
and has a round to oval to slightly indented nucleus
with finely to moderately granular chromatin, These
cells have moderate amounts of blue cytoplasm. At
this stage, primary granules are no longer being pro-
duced, and now secondary granules are formed.
These secondary granules are larger than the primary
granules,

In neutrophilic myelocytes, the secondary granules
are light pink and are very difficult to recognize with
the light microscope. The myelocyte goes through two
divisions, and the resulling progeny mature into
metamyelocytes. From the metamyelocyte stage for-
ward, the cells no longer divide.

The metamyelocyte is smaller than the myelocyte
and has a kidney-shaped nucleus. The chromatin is
moderately granular and more condensed and
clumped than that in the myelocyte. The cytoplasm is
blue and contains primary and secondary granules.
Both types of granules in the metamyelocyte, and sub-
sequent stages of development are not easily seen
light microscopically. Metamyelocytes develop into
band neutrophils. Band neutrophils are round and
smaller than metamyelocytes, have horseshoe-shaped
nuclei, and have moderate amounts of blue to light
blue cytoplasm. The band neutrophil will mature into
a segmented neutrophil, which is a small cell with
faintly blue to pink cytoplasm and a segmented nu-

e /
s
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Figure 1.7, Owerview of neutrophilic granulopoiesis.
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HEMATOPOIESIS 7

cleus. The nuclear chromatin is coarsely granular and
clumped.

Mature epsinophils and basophils and their precur-
sors are found in very low numbers in the normal
bone marrow. The production of these cells is very
similar to that of neutrophils and only major differ-
ences are described below (Figure 1.1). The develop-
ment is identical until the myelocylic stage, which is
when eosinophilic and basophilic myelocytes can be
distinguished from neutrophilic myelocytes by the
color of the secondary granules. The eosinophilic and
basophilic myelocytes contain reddish to reddish-or-
ange and purple secondary granules respectively,
Eosinophilic and basophilic metamyelocytes and
bands can also be recognized by the presence of the
unique secondary granules.

The last stage of development is the mature
eosinophil and basophil. The eosinophil is often
slightly larger than the mature neutrophil, and the nu-
cleus is not as tightly segmented. The cytoplasm con-
tains reddish to reddish-orange granules, The mature
basophil is a round cell that is slightly larger than the
neutrophil, with a segmented nucleus with condensed
chromatin. The cytoplasm is light purple and may
contain granules, There are some unique species-de-
pendent features of mature eosinophils and basophils,
which are described in Chapter 5.

MONOCYTOPOIESIS

The precursors of monocyles arise from committed
stem cells, which are common precursors for both
cells of the granulocytic and monocytic lineage.
Monocyte development is depicted in Figure 1.1. In
normal bone marrow, very few cells of the monocytic
lineage are present. Monoblasts are the first micro-
scopically recognizable precursors in bone marrow, al-
though they can be impossible to differentiate from
myeloblasts. Monoblasts give rise to promonocytes, A
promonocyte is a large cell with an oval to sometimes
indented nucleus with a reticular (net-like} or iﬂcy
chromatin pattern. These cells have small to moderate
amounts of blue cytoplasm and can be difficult to dis-
tinguish from neutrophilic myelocytes or metamyelo-
cytes. Promonocytes give rise to monocytes, which are
larger than segmented neutrophils, The nucleus of the
monocyte has multiple indentations. The nuclear
chromatin has areas of condensation but has a lacy or
reticular pattern compared to the condensed chro-
matin pattern of the mature neutrophil. The cyto-
plasm is moderate in amount and is typically blue-
gray, often with discrete multiple vacuoles.

MEGAKARYOCYTOPOIESIS AND
PLATELET PRODUCTION

Mepgakaryocytopoiesis is quite unique compared to
the development of the other blood cells and is de-
picted in Figure 1.1, The megakaryoblasts are the first
morphologically recognizable precursors of the
megakaryocytic lineage in bone marrow, but can be
impossible to differentiate from other blast cells. The
megakaryoblast is a large cell with a single round nu-
cleus and prominent nucleclus. This cell differentiates
into a promegakaryocyte, which is larger than the
megakaryoblast and has a multilobed nucleus with
dark blue agranular cytoplasm. The promegakary-
ocyte gives rise to the megakaryocyte (Figure 1.8),
which is easily recognized in the bone marrow due to
its large size (lypically 100 to 200 pm). This large cell
has a large multilobulated nucleus and abundant
granular cytoplasm.

Platelets are formed from the cytoplasm of
megakaryocytes by the formation of a structure
known as a proplatelet, The proplatelet is fragmented
into multiple platelets. The resulting platelets are
discoid-shaped small cells that do not have nuclei and
have light pink cytoplasm with sometimes distinct
purple granules.

LYMPHOPOIESIS

Lymphocyltes arise from the same common stem cell
precursor as do the other bone marrow cells (Figure
1.1). Multiple stages of differentiation of lymphocytes

Figure 1.8. Megakaryocyte, The megakarvocyte is the
large cell in the center with a multilobulated irregular nuclei
and abundant granular cytoplasm, Canine bone marrow
smear; 50x objective.




& HEMATOTPOIESIS

in bore marrow cannot be recognized light mucro-
scopically, but there are lwo main types of lympho-
cytes found in the peripheral blood: B and T lympho-
cytes. These two cell types look similar and cannol be
differentiated based on morphology alone, but their
functions are quite different. In bone marrow, low
numbers of small lymphocytes and rare medium and
large lymphocytes are present (Figure 1.9). The exact

Figure 1.9. Lymphocytes. The twa smallest round cells
{left center) that are slightly larger than red Bload cells, with
round to oval auclel and small amounts of light blue cyta-
plasm, are small lymphocytes. The largest cell in the center
is a neutrophilic granulocytic precursar, The round cell
{above the granulocytic precursor) with a round nucleus,
very condensed chromatin, and a rim of deep blue cylo-
plasm is a rubricyte, Feline bone marrow smear; 100 abjec-
tive.

Figure 1.10.

Plasma cells. The three cells (center) with ec-
centrically placed round nuclei, with coarse clumped chro-
matin, and a moderate amount of deep blue cytoplasm with
perinuclear clear zones are plasma cells. The other cells are
mainly granulocytic precursors. Canine bone marrow
smear; 100x objective.

number of lymphocyles present in bone marrow is
species dependent.

The small lymphoeyte is a small round cell with a
round to slightly indented nucleus. In some areas the
nuclear chromatin has a very smooth glassy appear-
ance, and in other areas it is more clumped or
smudged. Overall, the chromatin is not as condensed
as that of a rubricyte, which is the cell type with which
it is most often confused. The lymphocyte has a small
amount of light blue cytoplasm. The medium and
large lymphocyte, as the names imply, are larger than
the small lymphocyte. The nuclei are round and the
chromatin is finely granular with some areas of con-
densation. The nucleus of the large lymphocyte typi-
cally has a nucleolus and is known as a lymphoblast.
Both cell types have small amounts of light to moder-
ate blue cytoplasm.

In addition to lymphocytes, low numbers of plasma
cells can be seen in bone marrow (Figure 1.10). These
cells are the end stage of differentiation of B lympho-
cytes and are round with eccentrically placed round
nuclei. The nuclear chromatin is very condensed and
clumped with clear areas between the clumps. Plasma
cells have moderate amounts of deep blue cytoplasm
with a prominent perinuclear clear zone.

OTHER CELLS OF THE
BONE MARROW

Macrophage

Bone marrow macrophages are present in low num-
bers (Figure 1.11), These cells are large and have an
oval to indented nucleus. The nuclear chromatin is
reticular or net-like, The moderate to abundant
amounts of blue cytoplasm often are very foamy and
may contain multiple, variably sized vacuoles. Often
within these cells there can be phagocytized debris or
iron pigment, known as hemosiderin. In general, he-
mosiderin is not identified in normal cat bone mar-
oW,

Osteoclast

Osteoclasts are rarely found in bone marrow smears.
Osteoclasts are similar in size to megakaryocytes, and
these two cell lypes are often confused (Figure 1.12).
The osteoclast has multiple, individual round to oval
nuclei. Tn contrast, the nucleus of the mature
megakaryocyte is multilobulated. The osteoclast cyto-
plasm is granular and light blue to red.
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Osteoblast

Osteoblasts are also found in very low numbers in
normal bone marrow. The size of these cells is very
similar to that of the macrophage, and the morphol-
oy is somewhat similar to that of the plasma cell, in-
cluding an eccentrically placed round nucleus and
prominent perinuclear clear zone (Figure 1.13). The
nucleus has a granular chromatin pattern, usually
with a prominent single nucleolus. The cytoplasm is a
light to moderate blue. In contrast, the plasma cell is
smaller in size and the nuclear chromatin is much
more condensed with no prominent nucleoli.

Mast Cell

Mast cells can be found in very low numbers in bone
marrow. These cells are round with a round, centrally
located nucleus (Figure 1.14), These cells are easily
recognized by the small purple granules that fill the
cytoplasm. Often in these cells the granularity is so
great that it hides the nuclei. Mast cells are often
present within intact bone marrow particles.

Figure 1.11.  Macrophage. The large cell (right center] with
abundant vacuolated cytoplasm and a round nucleus is a
macrophage, The red-brown granules in the cytoplasm are
consistent with hemosiderin, Canine bone marrow smear;
100 objective,

Figure 1.13. Ostecblasts, The nucleated cells with abun-
dant blue cytoplasm {center) that form a circle are os-
teoblasts. These cells appear similar to plasma cells; how-
ever, they are larger than plasma cells and the nuclear
chromatin patterns are less coarse. Canine bone marrow
smear; 10{x objective.

Figure 1.12. Osteoclast. The very large cell {center) with
multiple, individual round to oval nuclei and granular cyto-
plasm is an osteoclast. The large clear area in the lower right
quadrant is a large fat droplet, which is partially indenting
the osteaclast, Canine bone marrow smear; 50x objective.

Figure 114, Mast cell. The cell (center) with abundant
purple cytoplasmic granules is a mast cell. The granules al-
most obscure the round nucleus. A small fat droplet (round
clear structure) is partially indenting the right side of the
cell. Canine bone marrow smear; 100x objective.




PLATE 1. Red Blood Cell Development

Rubriblast

The rubriblast is a large round cell with a large round nucleus, coarsely
granular chromatin, and a nucleolus. This cell has small amounts of deep
blue cytoplasm,

Prorubricyte

The prorubricyte is a large round cell with a round nucleus with a
coarsely granular chromatin pattern, This cell typically lacks a nucleelus.
There is a small amaount of deep blue cytoplasm with often a prominent
perinuclear clear zone.

Rubricyte

The rubricyte is a round cell with a round, centrally located nucleus; it is
smaller than the prorubricyte. The coarsely granular chromatin is more
condensed compared with the earlier stages of devetopmenl, and irreg-
ular clear areas are present between the chromatin clumps. The eyto-
plasm varies from deep blue to reddish-blue. Early rubricytes typically
have more bluish cytoplasm, and later rubricytes stain more red as the
amount of hemoglobin increases.

Metarubricyte

The metarubricyte is smaller than the rubricyte, The nucleus is round to
oval, usually slightly eccentrically located, and has very condensed chro-
matin. There are small to moderate amounts of blue to reddish-blue cy-
toplasm. The metarubricytes, with mare-reddish cytoplasm, contain
maore hemoglobin,

Polychromataphil

The polychromatophil does not have a nucleus, and cytoplasm is blue to
reddish-blue, As polychromatophils mature, they become less blue and
more red due to increased amounts of hemoglobin.

Red bload call

The red blood cell does not have a nucleus, and the cytoplasm is reddish
to reddish-orange. The central pallor present here is due to the biconcave
discoid shape of the cells.

1o




PLATE 2. White Blood Cell Development

Myeloblast

The myeloblast is a large, round to oval cell with a round to oval nucleus.
with a finely stippled chromatin pattern and usually prominent nucleo-
lus or multiple nuclesli, There is a small to moderate amount of blue cy-
1n|:\[.!_=.m and no prominent ;‘\-‘lnpld.-;mi-,- !;mnulrs.

Promyelocyte

The pmm\_;{-loc‘ylu iga I"Il‘j_.’,l‘, round 1o oval cell with a round to oval nu-
cleus. The nuclear chromatin pattern is finely granular, A nucleolus or
multiple nucleoli may or may not be present, A perinuclear clear zone is
often present bul not shown here. The moderate amount of cytoplasm is
blue and contains multiple, fine, pink to purple granules, which are pri-
mary granules.

Nautrophilic myelocyte

The neutraphilic myelocyte is a round cell that is smaller than the
myeloblast and the progranulocyte. The nucleus is round to oval and
may contain a single indentation. The chromatin patlern is fi m,\ly to mod-
erately granular. Nucleoli are not present. The moderate amounts of blue
cytoplasm cantain multiple secondary granules, also called specific gran-
ules, These secondary granules are pink for the neutrophilic lineage and
difficult to see. The secondary granules for the ecsinophilic and ba-
sophilic lineages are generally reddish and purple respectively,

Neutrophilic metamyelocyte

The neutrophilic metamyelocyte is a round cell with a kidney-shaped
nucleus. The chromatin is moderately granular and more condensed
than that of the myelocyte, The moderate amounts of blue cytoplasm
contain secondary granules, which are difficult to see, The secondary
granules of the epsinophilic and basophilic metamyelocyte are generally
reddish and purple respectively.

Band neutrophil

The band neutrophil is a round cell with a horseshoe-shaped nucleus,
The nuclear membranes may have parallel sides, although slight inden-
tations are acceptable. The cytoplasm is blue to light blue and contains
secondary granules. These granules are difficult to see in the band neuw-
traphil, The secondary granules of the band epsinophil and basophil are
generally reddish and purple respectively.

Segmented neutraphil

The segmented neutrophil is a small round cell with a single nucleus,
which has multiple segmentations. The nuclear chromatin is very con-
densed. There is a moderate amount of light blue to pink eytoplasm,




CHAPTER TWQO

NORMAL RED BLoOD CELL
MORPHOLOGY

The morphelogical features of mature red blood celis
of dogs, cats, horses, and ruminants are generally very
similar in that they all lack nuclei, stain reddish to red-
dish-orange, and generally are biconcave discoid-
shaped cells. The major differences are in the size of
the red blood cells and the degree of central pallor.
Listed from largest to smallest in size are dog, cat,
horse, cow, sheep, and goat red blood cells. The cen-
tral pallor is the lighter-staining area in the middle of
the cell, due to close association of the membranes in
this region (Figure 2.1). Dog red blood cells have the
most-prominent central pallor. In cats, horses, and ru-
minants, central pallor is not prominent. In contrast to
the other domestic species, normal llama red blood
cells are quite different in morphology. Although they
lack nuclei and stain reddish to reddish-orange, they
are small elliptical discs that lack a biconcave shape
and central pallor. Table 2.1 summarizes the morpho-
logical features, and Figures 2.2-2.8 show photomi-
crographs of normal red blood cells of the common
domestic species.

Two other morphological features that may be
present in normal animals are rouleaux and anisocy-
tosis. Rouleaux are arganized linear arrays of red
blood cells stacked one on top of another (see Figure
3.8). This change can best be seen in thicker areps of
blood smears, known as the bedy of the slide,
Rouleaux are most prominent in normal horses, but
also occur in cats and to a much lesser degree in dogs.
Rouleaux formation is related to differences in charges
at the red blood cell surface, and changes in these
charges can resull in increased degrees of rouleaux
formation. With inflammatory disease, there often are
increased levels of globulins in the blood that result in
changes in protein charges, and thus increased
rouleaux in most animals. In Hamas and the bovine
species, there is generally a lack of rouleaux in normal
and disease states. Anisocytosis is defined as a varia-
tion in red blood cell size. Anisocytosis is mainly pres-
ent in normal cats and cows (Figures 2.3 and 2.5).
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Top view Side view
{Cross section through center)
Figure 2.1, Graphical representation of a normal dmg red

blood cell. Note the central zone of pallor is due to the closer
apposition of membranes and a decreased amount of hemo-
globin in this region.

Table 2.1
Morphological features of normal red blood cells
Diameter  Central
Animal () Pallor  Rouleaux  Anisocytosis
Dog 70 A + -
Cat 5.8 1 H +
Horse 6.7 + H+ -
Cow 6.6 + - +
Sheep 4.5 + + =
Goat 3.2 i * +
Llama 4.0 x 7.0 - =) +

Source: Adapted from Jain, Nemi C. 19B6, Schalm's Vatennary
Hematalogy, 4th ed. Philadelphia: Lea & Fehiger.

‘Since these cells are not round, the approsimate width and
lungth af the cells are given.




Figure 2.2.  Dog red blood cells, The majority of the cells
are of similar size and have praminent central pallor. Canine
blood smear; 100x objective,

Figure 25, Cow red blood cells, There is slight variation
in the size of these cells {anisocytosis), and they typically
have limited central pallor, Bovine blood smear; 100x abjec-
live,,

Figure 2.3, Cat red bleed cells, These cells are smaller
than dog red blood cells, there is slight variation in size
{anisoeytosis), and they have limited central pallor. Feline
blood smear; 100x objective,

Figure 2.6, Sheep red blood cells. Note the very small size
af these cells, compared with dog red blood cells, and their
limited central pallor. There is also slight variation in size
(anisocytosis) and shape (poikilocylosis) of these cells.
Owine blood smear; 100 objective,

Figure 2.4, Horse red blood cells, These cells are smaller
than dog red blood cells, and they have minimal central pal-
lor, Equine blood smear; 100 objective,

Figure 2.7.  Goal red blood cells. Note the extremely small
size of the cells and the minimal central pallor. It is also com-
maon to have slight variation in size (anisocytosis) and shape
(poikilocytosis). Caprine blood smear; 100x objective,
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Figure 2.8, Llama red blood cells. These cells are elliptical
and lack central pallor. Liama bloed smear; 1< objective.
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CHAPTER THREE

VARIATIONS IN RED BLOOD
CELL MORPHOLOGY

Variations in the morphelogy of red blood cells can
occur in animals with various disease and pathophys-
iological states. To better understand the development
of these changes, they will be grouped into five cate-
gories: morphological features associated with (1) a
regenerative response, (2] immune-mediated damage,
(3) oxidative injury, (4) membrane/metabolic disor-
der, and (5) mechanical fragmentation. These cate-
gories are not mutually exclusive, and morphological
features that are described in one category may be
seen in multiple physiological or disease states. The
more common physiological or discase states in
which these cell types are seen are mentioned, but
these lists are not meant to be comprehensive. These
changes will often be demonstrated by photomicro-
graphs of canine blood smears, but most of these ab-
normalities occur in the other species as well,

A general term that is used in describing variations
in red blood cell morphology is poikilocytosis, which
is defined as abnormally shaped red blood cells in cir-
culation. If the shape change that is present can be
subclassified using a more specific term, the more spe-
cific term should be used.

REGENERATIVE RESPONSE

Anemias can be classified into two major categories:
nl}ﬂr&geﬂerﬂtiwﬂ. and n!ggﬁn[:mtivu, A nunrcgcmpratiuc
ancmia is due to inadequate production of red blood
cells by bone marrow; red blood cells that are present
in circulation often appear normal, In contrast, a re-
generative anemia is one in which the bone marrow
has responded to a demand for red blood cells by in-
creasing production and releasing into the circulation
adequate numbers of immature red blood cells,
known as polychromatophils (Figure 3.1). These cells
have bluish to reddish-blue cytoplasm and are typi-
cally slightly larger than mature red blood cells. Also,
due to the increased pliability of these cells, they do
ot always take on the classic discoid ,\ahnpu but may
have multiple infeldings or outfoldings of the mem-
branes and thus appear as target or bar cells, which
are described next. Although polychromalophils can
be identified on Wright's-stained preparations due to
their bluish coloration, they can also be identified eas-

ily by staining a blood sample with new methylene
blue.

In new methylene blue-stained preparations, poly-
chromatophils are called reticulocytes (Figure 3.2),
and they will stain bluish-green, as will mature red
blood cells. In addition, the polychromatophils will
have irregular net-like structures, known as reticu-
lum, within the cells, The reticulum is irregular
clumps of ribosomal RNA and organelles, such as mi-
tochondria. In most species, there is only one type of
reticulocyte, However, in cats there are two forms of
reticulocytes: punctate and aggregate (Figure 3.3), The
aggregate reticulocytes have abundant reticulum
whereas punctate reticulocytes have only a few iso-
lated dots of reticulum, which do not coalesce.

In addition to finding polychromatophils, other fea-
tures that may be seen in regenerative anemias are nu-
cleated red blood cells, basophilic stippling, anisocy-
tosis, and Howell-Jolly bodies. It is not exactly clear
why nucleated red blood cells (Figure 3.4} are found
in circulation during a regenerative response. It may
be that these cells are released due to mild bone mar-
row stromal damage or due to the increased demand
for red blood cells.

When demand for red blood cells is great, produe-
tion occurs in extramedullary sites such as the liver
and spleen, with the subsequent potential release of
nucleated red blood cells into circulation. When nu-
cleated red blood cells are present without the pres-
ence of adequate polychromasia, underlying causes of
bone marrow damage are likely. A classic example of
this is animals with lead poisoning,

Basophilic stippling (Figure 3.5) can be seen on
Wright's-stained smears as small, variably sized blue
dots in the cytoplasm of red blood cells. In maost cases,
the dots are retained RNA and are most commonly
seen during regenerative responses in ruminants, but
they also can be seen during regeneration in other
species. Basophilic stippling may be seen in lead poi-
soning because lead inhibils an enzyme that is impor-
tant in the degradation of RNA,

Anisocylosis has been previously defined and oc-
curs in a regenerative response, typically due to the
presence of large polychromatophils,

Howell-Jolly bodies {Figure 3.4) are remnant frag-

——————————————
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Figure 3.1.  Polychromatophils. The bluish-staining, usu-
ally larger red blood cells are polychromatophils. In most
animals, except horses, polychromatophils are present in
high numbers in circulation during a regenerative anemia.
In addition, there is slight poikilocytosis and target cells are
present, Canine blood smear; 1% objective.

Figure 3.2.  Reticulocytes. The four cells with dark blue,
clumped granular material (reticulum) in the cytoplasm are
reticulocytes. The cells with no reticulum are mature red
blood cells. Canine blood smear; new methylene blue stain;
100 objective.

ments of nuclear material present in red blood cells,
Their presence during a regenerative response is prob-
ably due to the inability of macrophages to fully re-
move the nuclei of the maturing red blood cells dur-
ing accelerated production. If Howell-Jolly bodies are

Figure 3.3. Aggregate and punctate reticulacytes, The
twa cells {left center) that have dark blue, clumped granular
material in the eytoplasm are aggregate reticulocytes. The
cells with small single or multiple dots of bluish material are
punctate reticulocytes. The cells with no reticulum are ma-
ture red blood cells. Feline blood smear; new methylene
blue stain; 100x objective.

Figure 3.4, Nucleated red blood cell and Howell-Jolly
bodies. The slightly blue cell with the round nucleus and
condensed chromatin is a nucleated red blood cell
{metarubricyte), Two adjacent red blood cells have single,
small, round, deep purple cytoplasmic inclusions; these are
Howell-Jolly bodies, which are fragments of nuclei, Canine
bleod smear; 100x objective.

present with a lack of adequate polychromasia, then
decreased macrophagic function should be consid-
ered, especially splenic macrophagic function. A nor-
mal animal that has been splenectomized will often
have Howell-Jolly bodies in circulation.
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Figure 3.5.  Basophilic stippling. The red blood eell (cen-
ter) with multiple, small blue dots is a red blood cell with
basophilic stippling. The three large, bluish-staining red
blood cells are polychromatophils. There is moderate aniso-
cytosis present also. Bovine blood smear; 100 objective.

IMMUNE-MEDIATED DAMAGE

Red blood cell morphoelogical abnormalities associ-
ated with erythrocytic-directed immune-mediated
processes result in the possibility of finding sphero-
cytes, agglutination, and ghost cells. Spherocytes (Fig-
ure 3.6 ) are formed by macrophages partially remov-
ing antibody-coaled membranes. Because of the
membrane loss, these cells can no longer retain their
normal discoid shape, thus a spherical shape with a
lack of central pallor is produced. These cells are most
easily recognized in dogs. Spherocytes are difficult to
recognize in other species due to the lack of significant
- central pallor in their normal red blood cells. Sphero-

Figure 3.6. Spherocytes. The smaller cells that lack central
pallor are spherocytes. These cells may be present in rela-
tively high numbers in animals with immune-mediated he-
molytic anemia. There is also a polychromatophil (center),
and a red blood cell {lower right) with a Howell-Jolly body.
Canine blood smear; 100x objective.

cytes may be present in low numbers when there is
nonimmune-mediated damage to the red blood cells
as well,

Agglutination (Figure 3.7 ) is an unorganized three-
dimensional clustering of red blood cells, typically
formed due to a cross-linking of red blood cell sur-
face-associated antibodies. Agglutination also has
been seen in horses that were treated with heparin,
Agglutination may be seen both macroscopically and
microscopically and must be distinguished from
rouleaux formation (Figure 3.8), which is related to
the charges on red blood cells.

Figure 3.7 Agglulination, There are several irregular
clusters of red blood cells present; this is agglutination.
These are present throughout the field, but three large
clumps are present (center), Agglutination may be seen in
animals with immune-mediated anemia. Equine blood
smear; 50x objective.

Figure 3.8. Rouleaux, The linear and sometimes branch-
ing chains of red blood cells is rouleaux formation. Under
normal conditions, this finding is most prominent in horses;
however, rouleaux may be seen in increased amounts asso-
ciated with inflammatory disease in most species. Equine
blood smear; 50 objective.




20 VARIATIONS IN RED BLOOD CELL MORPHOLOGY

Figure 3.9. Ghost cells. The four very pale, small red
blood cells are ghost cells. These indicate intravascular he-
molysis. Also visible are spherocytes, polychromatophils,
and a red blood cell with a large Howell-Jolly body, Canine
blood smear; 100x objective.

Ghost cells (Figure 3.9) are remnant membranes of
red blood cells that have undergone intravascular ly-
sig. This lysis can be induced by binding antibody and
complement to the red blood cell membrane as well as
other nonimmune-mediated mechanisms.

OXIDATIVE INJURY

Oxidation of red blood cells may occur during some
disease states, as well as with exposure to certain
drugs. This oxidation and denaturation of hemoglo-
bin in red blood cells results in the formation of pro-
tuberances from the red blood cell membrane that are
often refractile; these are known as Heinz bodies (Fig-
ures 3.10 and 3.11 ). If the Heinz bodies are large, they

Figure 3.10. Heinz bodies. The small round projections
from the surface of the red blood cells (center) are Heinz
bodies. These represent oxidation and denaturation of he-
moglobin. Canine blood smear; 10x objective.

Figure 3.11. Heinz bodies. The red blood cell {double ar-
row) has a small round projection from the surface at the §
o'clock position that is a Heinz body. Many of the red blood
cells also have small, round clear structures on their surface
(single arrows) that are also Heinz bodies. Feline blood
smear; 100x objective.

Figure 3.12. Heinz bodies, The red blood cell (center) has
a Heinz body, which is the small, round, light blue-green
projection from the surface at the 12 o'clock position, Many
of the red blood cells throughout the field also have single,
or sometimes multiple, Heinz bodies, There is also an ag-
gregate reticulocyte {right center). Feline blood smear; new
methylene blue stain; 100x objective.

can easily be seen on Wright's-stained smears. These
structures can also be identified using new methylene
blue-stained smears in which they stain light green-
ish-blue (Figure 3.12). Heinz bodies are often seen
more commonly in cats.

Another cell type that is sometimes present upon
exposure to oxidants is the eccentrocyte (Figure 3.13).
These cells have crescent-shaped clear areas that are
eccentrically placed. This clear area represents where
cell membranes are closely apposed and possibly
bonded due to oxidant-induced membrane damage.
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Figure 3.13.  Eccentrocytes. The four red blood cells {cen-
ter} with peripheral clear areas and displaced hemoglobin
are eccentrocytes. Others are located at the periphery of the
field. These represent oxidation of red blood cell mem-
branes. Canine blood smear; 100x objective.

METABOLIC/ MEMBRANE
DISORDERS

Exposure of red blood cells to different environ-
ments, both in vitro and in vivo, can resull in
morphological variations from the normal discoid
shape, One of the more common variations seen is the
echinocyte. Echinocytes are cells with multiple, small,
delicate, regular-shaped spines distributed evenly
around red blood cell membranes. The most common
cause for echinocyte formation is an in vitro artifact,
crenation (Figure 3.14), which needs to be distin-

Figure 3.1, Echinocytes. The majarity of the red blood
cells have small uniform .i;pine-s ]:nmiecli.ng from the surface.
These are echinocytes. The most common cause of
echinacyte formation is an in vitro artifact, known as crena-
tion, Canine blood smear; 100 objective.

puished from true echinocytes. True echinocytes occur
in association with different metabolic disorders such
as renal disease, Collecting and immediately fixing
blood prior to exposure to glass or an anticoagulant is
required to distinguish true echinocytes from crena-
tion.

Burr cells (Figure 3.15) have multiple projections
similar to echinocytes but are oval to elongate. Burr
cells may be seen in animals with renal disease.

In contrast o echinoeytes, acanthocytes (Figure
3.16) are cells with multiple (2 to 10), irregularly
shaped, blunt finger-like projections. These cells are
formed due to alterations in the ratio of cholesterol

Figure 3,15,  Burr cells, The elongated red blood cells with
multiple, short blunt projections from the surface are burr
cells. These cells may be seen in animals with renal disease.
Feline blood smear; 100x objective.

Figure 3.16.  Acanthocytes. Note the red blood cells with
multiple irregularly shaped projections from the surface.
This abnormality is associated with alterations in cholesterol
and phospholipid ratios in the membrane. These cells may
be seen in animals with liver disease. Canine blood smear;
100 abjective,
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and phospholipid in the red blood cell membranes.
Acanthocytes are commonly seen in animals with
liver disease and are often seen in dogs with heman-
giosarcoma; they may be due to neoplastic involve-
ment of the liver or an unusual fragmentation due to
the tortuosity of the neoplastic vasculature, Acantho-
eytes may also potentially be seen in association with
renal disease—induced lipid abnormalities.

Keratocytes (Figure 3.17) are cells with two fairly
uniform horn-like projections. These are thought o
arise from a localized area of membrane damage in
which a vacuole or “blister” is formed in the red blood
cell membrane and which subsequently ruptures. The
cells with intact blister-like membrane structures are
commonly known as blister cells (Figure 3.18).

There are several potentially significant morpholog-
ical changes associated with changes in the zone of
central pallor, Two cell types that result in accentua-
tion of the central pallor are hypechromic cells and
torocytes. In hypochromic cells (Figures 3.19 and
3.20), there is increased central pallor, and the cells
stain a lighter red due to a decreased amount of he-
moglobin. As with normal red blood cells, there is a
gradual transition between the outer and more dense
staining regions of the cells and the central zone of
pallor. Hypochromic cells are present in animals with
iron deficiency, because iron is needed for normal he-
moglobin synthesis. In contrast, in torocytes {Figure
3.21), although there is accentuated central pallor, the
diameter of the central pallor region is not typically as
great as that of hypechromic cells, the overall density
of the red coloration of the cell is normal, and there is
an abrupt transition between the outer and central

Figure 3,18.  Blister cell. The cell with a thin piece of mem-
brane extending from the surface (center) is a blister cell.
This “blister” often ruptures to form a kemtocyte.
Hypochromic cells are also present. Canine blood smear;
100x objective,

zones of the cell. Torocytes are also commonly known
as punched-out cells and are usually artifacts of
preparation.

Stomatocytes (Figure 3.22) are cells in which the
central pallar is more aval to elongate and takes on the
appearance of a mouth. If these cells are evaluated in
wel mount preparalions, they are seen as being folded
over on themselves in one direction. Stomatocytes
have been seen in animals with red blood cell mem-
brane metabolic defects, but they also can be found as
an artifact of preparation in the thicker areas of the
slide.

Figure 3.17.  Keratocyte. The cell with two horn-like pro-
jections {center) is a keratocyte, Feline blood smear; 100x ob-
jective,

Figure 3.19. H:,rpochmm.i-: cells. There are sewveral
hypochromic cells throughout the field that have pro-
nounced central pallor as well as faintly staining cell mem-
branes. This change is most often associated with iron defi-
ciency. Canine blood smear; 100 objective.
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Figure 3.20. Hypochromic cells, The majority of the cells
that have central pallar are hypochromic cells. A few normal
llama red blood cells that typically lack central pallor are
also present. This change is most often asseciated with iron
deficiency. The fusiform shape of some of the cells is an ad-
ditional common feature in lamas with iron deficiency.
Llama blood smear; 100x objective.

Figure 3.21. Torocyte. The majority of the cells in the field
are toroeytes, commonly known as punched-out cells. These
cells have prominent central pallor with an abrupt transition
from the pale center to the outer portion of the cell. They
also may appear smaller than normal red blood cells. The
torocyte morphology is typically an artifact resulting from
abnormal spreading of cells on the slide. Canine blood
smear; 100x objective.

Ovalocytes (Figure 3.23), also known as ellipto-
cytes, are cells that are oval with an oval region of cen-
tral pallor, They have been seen in animals with red
bload cell membrane defects,

Leptocytes are cells that are larger than normal ma-
ture red blood cells and have excessively thin mem-

Figure 3.22. Stomatocyte, The somewhal oval cell with a
linear ceniral pallor (center) is a stomatocyte, Many target
cells are also present. Canine blood smear; 100x objective.

Figure 3.23. Ohalocytes. The aval red blood cells present
are ovalocytes, They may be seen in animals with red blood
cell membrane defects, Feline blood smear; 100x objective.

branes that tend to fold easily. Two types of leptocytes
include target cells and bar cells.

Target cells (Figure 3.24), also known as codocytes,
have an extra, round outfolding of the membrane in
the middle of the cell that gives the cell a target-like
appearance. Because polychromatophils often are
very pliable, it is common for them to take on the ap-
pearance of a target cell. Target cell morphology is
somewhat of a nonspecific change, but if it oceurs in
high numbers of mature red blood cells, investigation
into possible liver disease should be considered.

Bar cells {Figure 3.25), also known as knizocytes,
have a central bar-shaped outfolding of the mem-
brane. Bar cells are often seen in similar situations as
target cells.
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Figure 3.24. Target cells. Many of the red hlood cells with
a target-like appearance are target cells, also known as
codocytes. The central area of the cells that stains represents
an outfolding of the red blood cell membrane in this region.
These cells may be found in animals with liver disease or
with reticulocytosis. Canine blood smear; 100k objective,

Figure 3.25. Bar cell. The cell (center) with a bar-shaped
portion of membrane bisecting the area of central pallor is a
bar cell, also known as a knizocyte. The change represents
an outfolding of the red blood cell membrane similar to the
change in the many target cells in this field. Canine blood
smear; 100x objective,

MECHANICAL FRAGMENTATION

Schistocytes (Figure 3.26), also known as schizo-
cyles, are fragments of red blood cells. These frag-
ments result from mechanical damage to red blood
cells in circulation, often due to microvascular abnor-
malities. One of the more common abnormalities that
leads to schistocyte formation is the presence of fibrin

strands in the microvasculature, These strands can cut
red blood cells into two or more irregularly shaped
pieces as the cells traverse the vasculature, A common
pathophysiological state in which these changes may
be seen is disseminated intravascular coagulation,

Dacryocytes (Figure 3.27) are teardrop-shaped red
blood cells. It is not exactly clear how these cells are
farmed, but this change may represent a type of frag-
mentation. They may be seen in animals with myelofi-
brosis.

Figure 3.26. Schistocytes, The irregularly shaped red
blood cell {center) is a schistocyte, or red blood cell frag-
ment, There are two very small schistocytes in the lower
right quadrant. Two much larger fragments are present (up-
per left). This change is related to mechanical damage to the
red blood cell. Canine blood smear; 100x objective,

Figure 3.27. Dacryocyte. The teardrop-shaped red blood
cell (center} is a dacryocyte, These cells may be seen in ani-
mals with myelofibrosis. Canine blood smear; 100x objec-
tive.
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CHAPTER FOUR

RED BLOOD CELL
INCLUSIONS AND PARASITES

In evaluating red blood cells for inclusions or para-
sites, there are several normal structures and artifacts
that often confuse the novice hematologist. Some of
these structures were defined in Chapter 3 but are re-
viewed here briefly. One of the most common artifacts
that is confused with red blood cell parasites or inclu-
sions is stain precipitate (Figure 4.1), which presents
as small, variably sized, pink to purple granular ma-
terial. It often can be found on red blood cells as well
as in the background of the slide; it is generally in a
different plane of focus than the red blood cells. This
distribution and size variability is helpful in distin-
guishing stain precipitate from true red blood cell
parasites. In contrast, basophilic stippling (retained
RNA aggregates) (Figure 4.2) appears as very small,
multiple, round blue granules in the cytoplasm of the
red blood cell. As previously stated in Chapter 3, this
material is generally retained aggregates of RNA in
the cell. Basophilic stippling is difficult to distinguish
from Pappenheimer bodies, which are small blue
granules in red blood cells. Pappenheimer bodies are
aggregates of iron accumulation in the red blood cells
(Figure 4.3). Anucleated and nucleated red blood cells
with Pappenheimer bodies are known as siderocytes
and sideroblasts respectively, A special stain, such asa
Prussian blue, is the only way to confirm the presence
of Pappenheimer bodies. When small blue granules

Figure 4.1. Stain precipitate. The variably sized, purple
granular material present on and between the red blood
cells is stain precipitate, Canine blood smear; 100x objective.
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Figure 4.2,  Basophilic stippling. Several of the red blood
cells have very small, variably sized, pale blue granules,
which are known as basophilic stippling. This is best
demonstrated in the two red blood cells in the lower left
quadrant. A metarubricyte is present in the upper right
quadrant, Canine blood smear; 100x objective.

Figure 4.3, Pappenheimer bodies. The very small, poorly
distinct, pale blue granules in some of the red blood cells are
I’apperl.heimer bodies. These are best demonstrated in the
three red blood cells that are in a row in the lower right
quadrant, These inclusions are due to iron accumulation. In
contrast, the red blood cell in the center of the field contains
a small, round, deep purple structure, which is a Howell-
Jolly body, Canine blood smear, from 1988 ASVCP slide re-
view, courtesy of I A, Matthews; 100x objective.
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are present in the red blood cells, they are most likely
basophilic stippling, not Pappenheimer bodies.

Another artifact that may be confused with erythro-
cytic parasites is red blood cell refractile artifacts. [t is
not clear how these form, This material can take on
several sizes and shapes but can be confused with
erythrocytic parasites when it is of similar size to such
organisms as Haemobartonefla. The main feature used
to distinguish this artifact from a true parasile is that
these structures are variably sized and refractile
when the micrascope is focused up and down (Figure
4.4).

Finally, occasionally platelels may be seen on top of
red blood cells and thus appear to be inclusions (Fig-
ure 4.5), By comparing the platelet on top of the red
blood cell with those platelets present throughout the
rest of the slide, these should be distinguishable from
true red cell inclusions or parasites.

Howell-Jolly bodies (Figure 4.6] are remnant mi-
cronuclei that may be seen in most domestic species
during a regenerative anemia. These structures stain
dark purple and are approximately 1 um in diameter,
although they can be larger. A single micronucleus
typically is present in a red blood cell. In ruminants,
Anaplasnit organisms (Figure 4.7) can look very simi-
lar in size, shape, ahd staining intensity to Howell-
Jolly bodies. Fortunately, the most common type of
anaplasmosis is due to Anaplasiua marginale, which as
the name implies, is often found at the periphery of
the red blood cell. Although Howell-Jolly bodies can
be found on the edge of the cell, the majority of these
structures are more randomly distributed in the red
blood cells. In addition, in anaplasmosis, more than

Figure 4.4. Refractile artifact. The round to oval, or irreg-
ularly shaped and variably sized, shiny unstained structures
present on the surface of the red blood cells are refractile ar-
tifacts. Bovine blood smear; 100x objective,

ane organism per cell is often present, whereas with
Howell-Jolly bodies, the micronuclei are usually sin-
gular. Because anaplasmosis often causes a regenera-
tive anemia, both Anaplasne and Howell-Jolly bodies
may be present concurrently.

Viral inclusions can be found in red blood cells {Fig-
ure 4.8} and white blood cells in dogs with distemper
virus infection. These inclusions are quite variable in
size, bul usually are much larger than Howell-Jolly
badies. Viral inclusions can be several microns in di-
ameter and are round to oblong to quite variably
shaped. They typically stain pink to red, although
more-hluish inclusions have been reported. There is

Figure 4.5, Erythrocyte pseudoinclusion. A platelet su-
perimposed on a red blood cell is present in the center of the
field, Note the similar features to the other platelets. Bovine
blood smear; 100x objective.

Figure 4.6, Howell-Jolly bodies. Four red blood cells have
single, small, round, deep purple cytoplasmic inclusions;
these are Howell-Jolly bodies, which are nuclear fragments,
Target cells are also present. Canine blood smear; 100x ob-
jective,
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no real internal structure, and often the inclusion has
a smooth glassy appearance, but it may be granular.
Diff-Quik™ stain is often stated as the preferred stain
for identifying viral inclusions.

The common red blood cell parasites of dogs are
Haemobartonella caris and Babesin canis. H. canis (Figure
4.9) is a very small epicellular parasite, less than 1 pm
in diameter, and may be difficult to distinguish from
stain artifact, It is coccoid or rod shaped and can be
found individually or in groups on red blood cells.
The organism often forms chains across the red blood
cells. Babesiosis is most commonly caused by Babesia
canis (Figure 4.10) and is found maindy in the south-

Figure 4.7 Anaplasma marginale. The single to multiple,
round, deep purple eytoplasmic inclusions in several of the
red blood cells are Anaplasma wirgiinle organisms. Note that
many of these organisms are present on the extreme periph-
ery of the red blood cell. Bovine blood smear; 100x objective.

eastern United States, South and Central America,
Southern Europe, Africa, Asia, and Australia. This
large, intracellular, pyriform-shaped parasite is casy
to recognize, although often very few cells in a blood
smear contain organisms. These organisms are typi-
cally 2.5 to 3 pm wide by 4 to 5 pm long. Multiple or-
ganisms may be present in the cell. 8. gibsoni (U.S.A.,
Southern Burope, Asia) also causes disease in dogs
and is typically a much smaller, round to oval to elon-
gnle organ[sm_

The most common red blood cell parasite of cats is
Haentobavtonella felis (Figure 4.11). This small coccoid-
to rod-shaped epicellular organism is similar in mor-

Figure 4.9.  Haemobarionelln canis, The very small, coccoid-
to rod-shaped blue structures forming chains on several of
the red blood cells are Hremabarfouella canis organisms. Ca-
nine blood smear; 100x objective.

Figure 4.8. Distemper viral inclusions. The variably sized,
round, reddish-pink structures present in five of the red
blood cells are canine distemper viral inclusions, Canine
blood smear; 100x objective.

Figure 4.10.  Butvsia ciis. There are two Babesia canis of-
ganisms within the red bloed cell in the middle of the feld.
These are light blue pyriform structures with poorly defined
internal purple bodies. Canine blood smear; Diff-Quik®
stain; 100x objective. !
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phology to H. canis. In addition, ring forms also may
be seen. As with H. eanis, H. felis can be difficult Lo dis-
tinguish from stain precipitate. It requires a good-
quality, well-stained blood smear for accurate identifi-
cation, Altachment of the organisms to the outside of
the cell is not very strong, thus the organisms can be
removed easily. If there is a delay in making an air-
dried bleod smear from EDTA anticoagulated blood,
organisms may be found in the background of the
slide and not on the red blood cells.

Cytanxzoon felis (Figure 4.12) is another red blood
cell parasite of cats. It is often bluish-staining and oval
(1ta 5 um in diameter} with a clear central region, OF
ten a purple nucleus is on one end of the oval, giving
the organism a signet ring appearance, Some organ-
isms have chromatin bodies on both ends, giving
them a “safety pin” appearance. Typically, these or-
ganisms are present in the blood in low numbers.
Most cases have been reported in Missouri, the south-
ern Uniled States, and South and Central America.

In ruminants, Anaplasa (U.S.A. and tropical areas)
and Babesia (Northern and Western Europe) are the
most common red blood cell parasites. In cattle,
anaplasmosis is most often caused by Anaplasur mar-
ginale (Figure 4.7), These organisms are approximately
1 {im in diameter, are coccoid shaped, stain dark pur-
ple, and are often located on the periphery of the red
blaod cells; one to a few organisms may be present per
red blood cell. As stated earlier, these organisms must
be distinguished from Howell-Jolly bodies. In an in-
fected animal, many red blood cells usually contain
the parasite.

Haemobartanella felis, Many of the red blood

Figure &.11,
cells have single or multiple; small; blue coccoid-, rod-, or
ring-shaped organisms on their surface, These organisms
are Haemobartarelln felis. Feline blood smear; 100x objective.

Anether parasite of ruminants, as well as of lamas,
is Eperytfrozoon (Figure 4.13). E. wenyonl (U.SA. and
Africa) is the organism that typically infects cattle; E,
ovis affects sheep waorldwide. In llamas the exact
species of the organism has not been determined. In
both ruminants and llamas, the organisms look very
similar to Haenobartonella felis. These organisms can
appear as coccoid- or rod-shaped or ringlike struc-
tures on the surface of the red blood cell. They are ap-
proximately 0.5 pm in diameter. Multiple organisms
are often found on red blood cells, and organisms may
be found in the background of the slide as well,

Figure 4.12.  Cylauxzoon felis. Three red blood cells in the
center of the field have blue rings, each with a single, eccen-
trically located purple nucleus, These organisms are Cytair-
zaon felis. A few additional red blood cells with less-distinct
arganisms are also present, Feline blood smear, courtesy of
G. [, Boon; 100 objective.

Figure 4.13,  Eperythrozoon. The single or multiple; small;
blue coccoid-, rod-, or ring-shaped organisms on the surface
af these red blood cells are Eperyflirozoon. Llama blood
smear; 100x objective,




CHAPTER FIVE

NORMAL WHITE BLoOOD CELL
MORPHOLOGY

SEGMENTED NEUTROPHIL

Segmented neutrophils are the most common white
blood cells in peripheral blood of all the common do-
mestic species, except ruminants. Segmented neu-
trophils are typically 10 to 12 pm in diameter and have
single nuclei with several indentations resulting in the
nucleus being divided into muitiple lobes. Typically
there are 3 to 5 lobes or segments per cell, The chro-
matin pattern of the nucleus consists of very dark,
condensed areas intermixed with small clear areas.
The cytoplasm stains faintly blue to pink depending
on the type and quality of the stain used, Sometimes
very indistinet pink granules may be seen in the cyto-
plasm. The neutrophils of the different speries look
very similar. The major exception is that the cyto-
plasm of bovine neutrophils often stains more pink
compared with that of the other species. Also, in
horses, the segments of the nucleus are generally not
as distinct.

BAND NEUTROPHIL

Band neutrophils may be absent or present in the pe-
ripheral blood in very low numbers, Band neutrophils
look similar to segmented neutrophils except that the
nuclei are band shaped. Classically, the nuclear mem-
branes are parallel so that the nucleus has a constant
width. Because band neutrophils are a stage in the
gradual differentiation toward the segmented-neu-
trophil form, slight nuclear indentations are possible.

LYMPHOCYTE

Lymphocytes are the second most common cell type
in the peripheral blood of most of the domestic species
and are the most common cell type in ruminants. Typ-
ically, these cells are round, slightly smaller than neu-
trophils, and have round to oval and sometimes
slightly indented nuclei, The chromatin pattern con-
sists of smooth glassy areas intermixed with areas that
are more clumped or smudged. A small amount of
light blue cytoplasm is present. A few of the lympho-
cytes may have multiple, small, pinkish-purple gran-
ules in the cytoplasm. In addition to these small lym-

phocytes, many animals may have some medium to
large lymphocytes. This is especially true for rumi-
nants. Often these cells have more cytoplasm than
small l}"m]:)h(]l:}"t(!s, In addition, the chromatin of ru-
minant nuclei is often much more accentuated with
sometimes marked areas of condensation. This may
lead to the false conclusion that nucleoli are present in
these cells.

MONOCYTE

Monocyles are absent or present in low numbers in
the peripheral blood and look very similar in all the
common domestic species, These cells are typically 15
to 20 pm in diameter, and the nuclei can be different
shnpcs: oval, oval with a singlu indentation (kidnuy
bean-shaped), or have multiple indentations and lob-
ulations. The nuclear chromatin is finely granular to
lacy in appearance with only a few areas of condensa-
tion, The moederate amount of cytoplasm is typically
blue-gray and may have multiple, variably sized dis-
crete vacuoles.

EOSINOPHIL

Eosinophils are absent or present in very low numbers
in normal animals. These cells are typically similar in
size to neutrophils or slightly larger. The nuclei are
very similar to those of neutrophils in that they are
segmented, but the segments are often not as well de-
fined. The cytoplasm stains faint blue and has multi-
ple reddish to reddish-crange granules. The number
and shapes of the granules are quite different for most
of the common domeslic species. Dog eosinophilic
granules are round and quite variable in size and
number. There are often multiple, variably sized vac-
uoles in the cytoplasm as well, Cat eosinophilic gran-
ules are rod shaped and typically fill the cytoplasm,
Horse eosinophils have very large round, oval, or ob-
long granules that fill the cytoplasm and often obscure
the nucleus. Ruminant eosinophils have small round,
fairly uniform granules that typically fill the cyto-
plasm. Llama eosinophils have small round, oval, or
oblong granules. The low number of granules typi-
cally does not fill the cytoplasm,
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BASOPHIL

Basophils are rarely seen in the peripheral blood of all
the common domestic species. They are most com-
menly seen in horses. Basophils are similar in size or
slightly larger than neutrophils, and the cytoplasm is
light purple, The nucleus is segmented but often not
to the degree of the mature neutrophil. Low numbers
of small, round, purple cytoplasmic granules may

somelimes be present in dog basophils, The presence
or absence of granules may be dependent on the type
of stain used. Cat basophils contain indistinct small,
round, lavender granules. Both cow and horse ba-
sophils have several small, well-stained purple gran-
ules in the cytoplasm. Llama basophils iook very sim-
ilar to cow or horse basophils. Figures 5.1-5.30 show
the normal white blood cells of the common domestic
species.
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Figure 6.1.  Segmented neutrophil, The cell with the seg-
mented nucleus and pink cytoplasm is a mature nevtrophil.
Canine blood smear; 100x objective.

Figure 5.2. Small lymphocyte. The small cell with a
round, centrally located nucleus and rim of light blue cytao-
plasm is a small lymphoeyte. Canine blood smear; 100 ob-
jective,

Figure 53. Monoeyte. The large cell with a deeply in-
dented nucleus, blue-gray cytoplasm, and multiple, discrete
cytoplasmic vacuales is a monocyte, Note the nucleus is not
as prominently segmented as the mature neutrophil. Canine
blood smear; 100 objective,

Figure 5.4.  Fosinophil. The cell with a poorly segmented
nucleus and multiple, round reddish granules in the cyto-
plasm is an eosinophil. Canine blood smear; 100x abjective.

Figure 6.6,  Basophil. The cell with the poorly segmented
nucleus and light purple eytoplasm with low numbers of
small, discrete purple granules is a basophil. Canine blood
smear; 100x objective.

Figure 5.6.  Basophil. The cell with the poorly segmented
nucleus and light purple cytoplasm is a basophil, Without
distinct granules, these cells can be difficult to distinguish

from toxic neutrophils ar monocytes. Canine blood smear;
100 objective.




Figure 5.7. Segmented neutrophil. The cell with a seg-
mented nucleus and light pink eytoplasm is a mature neu-
trophil. Feline blood smear; 100x objective.

Figure 65.8.  Small lymphocyte. The small cell with a round
to oval, centrally located nucleus and rim of light blue cyto-
plasm is a small lymphocyte. Feline blood smear; 100x oh-
jective.

Figure 5.9. Monoeyte. The large cell with a deeply in-
dented nucleus, blue-gray cytoplasm, and multiple, discrete
cytoplasmic vacuoles is a monocyte. Feline blood smear;
100 objective,

Figure 5.10. Eosinophil. The cell with a segmented nu-
cleus and multiple, reddish rod-shaped granules in the cy-
toplasm is an eosinophil. Feline blood smear; 100x objective.

Figure 511,  Basophil. The cell with a segmented nucleus
and poorly defined, round, light purple granules in the cy-
toplasm is a basophil. Feline blood smear; 100x objective.

Figure 5.12, Segmented neutrophil and basophil. The cell
to the lower left is a segmented neutrophil, and the cell to
the upper right is a basophil. Note the slightly larger size of
the basophil as well as the poorly defined, round, light pur-
ple cytoplasmic granules. Peline blood smear; 100x objec-
tive,
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Figure 513. Segmented neutrophil. The cell with a seg-  Figure 5.16.  Eosinaphil. The cell with the bilobed nucleus

mented nucleus and light blue to pink cytoplasm is a mature and very large, round to oval reddish granules in the cyto-

neutrophil. Equine blood smear; 100x objective. plasm is an eosinophil, Note that the granules are obscuring
part of the nucleus. Equine blood smear; 100x objective.

Figure 5.14. Small lymphocyte. The small cell with a Figure 5.17. Basophil. The cell with bilobed nucleus and

round nucleus and a rim of light blue cytoplasm is a small numerous small, purple eytoplasmic granules is a basophil-

lymphocyte. Equine blood smear; 100x objective. Note that the granules are obscuring part of the nucleus.
Equine blood smear; 100« objective.

Figure 5.15. Monocyte. The large cell with a deeply in- Figure 5.18. Large lymphocyte. The large round cell with
dented nucleus, blue-gray cytoplasm, and multiple, discrete an oval nucleus and a rim of light blue cytoplasm is a large
cytoplasmic vacuoles is a monocyte. Equine blood smear; lymphocyte. Equine blood smear; 100x objective.

100x objective.
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Figure 5.19. Segmented neutrophil. The cell with a seg-
mented nucleus and light pink eytoplasm is a mature neu-
trophil. Bovine blood smear; 100x objective.
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Figure 5.20.  Small lymphocyte. The cell with the round to
oval nucleus and a rim of light blue cyloplasm is a small
Iymphocyte, Bovine blood smear; 100< objective,

Figure 5.21. Monocyte. The large cell with the deeply in-
dented nucleus and blue-gray cytoplasm is a monocyte.
Nate the lack of vacuoles; not all monocytes contain vac-
uoles, Bovine blood smear; 100x objective,
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Figure 522,

Eosinophil, The cell with the elongated nu-
cleus and abundant, small, round reddish granules in the
cytoplasm is an eosinophil. Bovine blood smear; 100x objec-
tive.

Figure 5.23. Basophil. The cell with the segmented nu-
cleus and numerous, small purple granules in the cytoplasm
is a basophil. Bovine blood smear; 100x objective.

Figure 5.24. Large lymphocyte, The cell with a round to
s.]ightly indented nucleus with small amounts of light blue
cytoplasm is a large lymphocyte, Note the accentuated nu-
clear chromatin pattern that is often seen in normal bovine
Iymphocytes, Bovine blood smear; 1000 objective,




Figure 5.25. Neutrophils, The two cells with segmented
nuclei and light blue to pink granular cytoplasm are seg-
mented neutrophils. Llama blood smear; 100 objective.

Figure 5.26, Small lymphaocyte. The cell with the round
nucleus and small amount of light blue cytoplasm is a small
lymphocyte. Llama blood smear; 100x objective,

Figure 5.27. Monocyle. The large cell with a deeply in-
dented nucleus, blue-gray cytoplasm, and multiple, discrete
eytoplasmic vacuoles is a monocyte. Llama blood smear;
100x objective,
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Figure 5.28. Eosinophil. The cell with a band-shaped nu-
cleus and low numbers of poorly defined, small, round to
oblong reddish granules in the cytoplasm is an eosinophil.
Often llama ensinophils have low numbers of cytoplasmic
granules. Llama blood smear; 100 objective.

Figure 5.29. Basophil. The cell with the poorly segmented
nucleus and multiple, small purple cytoplasmic granules is
a basophil. The granules partially obscure the nucleus.
Llama blood smear; 100x objective.

Figure 5.30. Eosinophil. The cell with a bilobed nucleus
and multiple, round reddish granules is a well-granulated
ecsinophil, Llama blood smear; 100k objective,




CHAPTER SIX

VARIATIONS IN WHITE
BLOOD CELL MORPHOLOGY

GRANULOCYTES

A common change that may be seen in animals with
inflammation is the presence of increased numbers of
immature neutrophilic granulocytes in the circulation.
This is known as a left shift. Commonly, a left shift in-
cludes increased numbers of band neutrophils (Figure
6.1), but also may include metamyelocytes, myelo-
cytes, and, very rarely, promyelocytes and mye-
loblasts. The band neutrophils, as previously de-
scribed, have hyposegmented nuclei. Typically, the
chromatin of the band neutrophil is less condensed
than that of the mature segmented neutrophil. In con-
trast, in Pelger-Huit anomaly, which has been re-
ported in dogs and cats, there is a defect that causes
hyposegmentation of the granulocyles (Figure 6.2)
and results in the appearance of a “false left shift,”
This condition is extremely rare but may be distin-
guished from a true left shift by the characteristics of
the nuclear chromatin. In Pelger-Huét anomaly, al-
though the cells are hyposegmented, the chromatin is
very condensed as in a normally segmented neu-
trophil. Transient pseudo-Pelger-Hugt anomaly has
also been reported in some disease states,

Figure 6.1, Band neutrophils, The two nucleated cells
(right) are band neutraphils, and the cell in the lower left is
a poorly segmented but more mature neutrophil. All these
cells are toxic, based on the increased bluish color and
foaminess of the eytoplasm, Canine blood smear; 100x ob-

jective.
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In all domestic species during inflammation, neu-
trophilic granulocytes may appear in the blood with a
group of morphological changes known as toxicity or
toxic changes. These features are often present when
there is a left shift. The three main features of toxicity
that are seen include increased basophilia, foaminess,
and the presence of Déhle bodies in the eytoplasm.
The basophilia of the cytoplasm is due to an increased
amount of ribosomal RNA (Figures 6.3-6.5). The
foaminess of the cytoplasm is thought to be due to
prominent lysosomes (Figures 6.6 and 6.7). The Dohle
bodies are irregularly shaped, small blue-gray parti-
cles in the cytoplasm (Figure 6.8). They are lamellar
aggregates of rough endoplasmic reticulum. It should
be noted that Déhle bodies in cats and horses are com-
mon during inflammation and, thus, are not consid-
ered as severe a sign of toxicity as compared to the
other species. Depending on the degree and cause of
the inflammation, there may be one or more features
of toxicity present. One cause of often severe toxicity
is endotoxemia.

[n addition to the three features mentioned above,
another morphological change that can be seen in
toxic neutrophils is toxic granulation, which is the

Figure 6.2. Pelger-Huét anomaly. The hyposegmented
neutrophil with 4 very condensed chromatin pattern is typ-
ical of the Pelger-Hudt anomaly. Canine blood smear; 100x
objective.
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Figure 6.3. Normal segmented neutrophil. Note the light
pink eytoplasm compared to the blue cytoplasm in the toxic
nettrophils in Figures 6.4 and 6.5. Feline blood smear; 10tk
abjective.

Figure 6.4, Mild to maderate cytoplasmic basaphilia. The
segmented neutrophil in the center of the field has mild to
moderate loxicity indicated by the presence of blue cyto-
plasm and Dahle bodies, Feline blood smear; 100x objective,

presence of multiple, small purple granules in the cy-
toplasm of the cell. These granules are probably
prominent primary granules. This is not a common
finding in the common domestic species bul may
rarely be seen in horses. Toxic granulation must be
distinguished from inclusions in the neutrophils that
may be seen in normal Birman cats and animals with
lysosomal storage diseases.

Another rare morphological change that may be
seen in animals with inflammation is the presence of

Figure 6.5. Maoderate to marked cytoplasmic basophilia,
The poorly segmented neutrophil in the center of the field
has moederate to marked toxicity indicated by the presence
of dark blue cytoplasm, foaminess of the cyloplasm, and
Diihle bodies. Feline blood smear; 100x objective.

Figure 6.6.

Mild cytoplasmic foaminess, There is mild
feaminess of the cytoplasm of the poorly segmented neu-
trophil in the center of the field. Slight to moderate blue cy-
toplasm and Dihle bodies are also present, which further in-
dicates moderate toxicity, Canine blood smear; 100x
objective.

giant neutrophils. These cells are produced and re-
leased more rapidly from the bone marrow, therefore
the mormal maturation has not occurred, thus the
larger size. Giant neutrophils may also be a sign of
myelodysplasia, which is described in Chapter 9.
Other miscellaneous changes thal may be scen in
the granulocytes are neutrophilic hypersegmentation,
variably sized eosinophilic granules, and eosinophilic
degranulation. Hypersegmentation may be seen in all
species and is defined as neutrophils with greater than
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Figura 6.7. Marked cytoplasmic foaminess, The cell to the
right is a band neutrophil. The cell in the center is a
metamyelocyte. The cell to the left is a lymphocyte. Both the
band neutrophil and metamyelocyte show signs of marked
toxicity due to the marked cytoplasmic foaminess and blue
eytoplasm. Bovine blood smear; 100x objective.

Figure B.8. Dohle body. The irregular aggregate of blue
material at the 12 o'clock position in the cytoplasm of the
segmented neutrophil (center) is a Dahle body. Moderate
basophilia and mild eytoplasmic foaminess are also present,
Feline blood smear; 100x objective.

5 segments or lobules (Figure 6.9}, This change typi-
cally is due to the retention of the cell in the circulation
much longer than normal, but it also can be seen when
blood smears are not made soon enough after the
blood has been collected. Hypersegmentation of the
neutrophils also can occur in peadles with erythro-
cytic macrocytosis and giant schnauzers with B12 de-
ficiency.

Marked variation in the size of the eosinophilic
granules mainly occurs in dogs (Figure 6.10). Some

Figure 6.9. Hypersegmented neutrophil. The nucleus of
the neutrophil in the center of the field has seven lobules. A
cell with five or more nuclear lobules is considered hyper-
segmented. Canine blood smear; 100x objective.

cells may be present with only a few larger granules
and variable numbers of vacuoles.

Degranulation of the eosinophils may be seen in all
species but is most recognized in dogs, Although it
can occur in any breed, greyhounds often have de-
granulated ecsinophils. These cells are often inter-
preted as neutrophils. The distinguishing features of
degranulated epsinophils are that these cells are larger
than neutrophils and often have multiple, variably
sized vacuoles in the cytoplasm (Figure 6.11).
Eosinophilic granules may be present in low numbers
or completely absent from these cells.
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Figure 6.10, Eosinophil with large, variably sized gran-
ules. The nucleated cell (center) is an eosinaphil with large,
variably sized, reddish granules, Canine blood smear; 100x
objective.

Figure 6.11.

Degranulated eosinophil. The cell in the cen-
ter of the field with a bilobed nucleus joined by a thin fila-
ment and multiple, variably sized, poorly defined vacuoles
is o degranulated greyvhound eosinophil. Canine blood
smear; 100x objective,

AGRANULOCYTES

The major different morphological changes that occur
in the agranulocyles are variations in morphology of
lymphocytes, Reactive lymphocytes, also known as
immunocytes, are typically lymphocytes with dark
blue evtoplasm and possibly increased amounts of cy-
toplasm (Figures 6.12-6.14). These cells may also have
a prominent perinuclear clear zone, Low numbers of
reactive lymphocytes can be found in normal animals
but typically are found in increased numbers in ani-
mals that are antigenically stimulated,

Plasma cells or plasmacytoid reactive lymphocytes
are rarely seen in the peripheral blood. These cells
have much more cytoplasm than normal or reactive
lymphocytes, The cytoplasm is deep blue to blue-
green. Often there is a prominent perinuclear clear
zone. The nucleus is round with marked condensation
of the chromatin in some areas and clear in other ar-
eas. Rarely, these cells may have multiple discrete vac-
uoles in the cytoplasm that are known as Russell bod-
ies.

Atypical lymphocyte is a term that is used differ-
ently by different people. We describe atypical lym-
phocytes as those cells with morphology similar to
that of reactive lymphocytes, but in addition to dark
blue cytoplasm and possibly increased amounts of cy-
toplasm, there are nuclear abnormalities, In contrast
to normal lymphocytes where the nucleus is round to
slightly indented, the nucleus of atypical lymphocytes
has deep clefts and/or multiple indentations or in-
foldings (Figure 6.15), The presence of a rarq' atypical
Iymphocyte may be associated with just antigenic
stimulation. However, the presence of high numbers
of these cells may indicate that the animal has a lym-
phoproliferative disorder (see Chapter 9.

Lymphoblasts are lymphocytes with nuclei that
contain one or more nucleoli (Figure 6.16). These cells
typically are much larger than small lymphocyles, al-
though small lymphoblasts may be seen. The nucleus
of a lymphoblast not only contains a prominent nu-
cleolus, but the chromatin also is more open and
finely stippled compared to that of the normal small
lymphocyte. If lymphoblasts are easy to find in the pe-
ripheral blood, the animal most likely has a lympho-
proliferative disorder. Due to the marked accentua-
tion of the chromatin of the normal bovine large
lymphocyte, these cells are often misinterpreted as
lymphoblasts.

MNormal monocytic morphology has been previ-
ously described. The major variation in monocytic
morphology is that some monocytes lack prominent
vacuoles (Figures 6.17 and 6.18). This can occur in any
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Figure 6,12, Normal small lymphocyte. Note the light
blue cytoplasm compared to the dark blue cytoplasm of the
reactive lymphocytes in Figures 6,12 and 6,13, Feline blood
smear; 1 objective,

Figure 6.13. Reactive lymphocyte. The dark blue cyto-
plasm and poorly defined, perinuclear clear zone are typical
of a reactive lymphocyte, Canine blood smear; 100x objec-
tive.

Figure 6.14. Reaclive lymphocyte. This lymphaocyte has
increased amounts of dark blue cytoplasm, which is sup-
portive of reactivity, Bovine blood smear; 100x objective,

Figure 6.16.  Atypical lymphocytes. The two cells (center)
with deeply clefted nuclei and dark blue cytoplasm are
atypical lymphocytes. This animal had a lymphoprolifera-
tive disorder, based on the presence of high numbers of lym-
phocytes and atypical morphology. Canine blood smear;
100= objective.

Figure 8.16. Lymphoblasts. The three largest cells with
round to oval nuclei, single or multiple nucleoli, and small
amounts of blue cytoplasm are lymphoblasts. Canine blood
smear; 100x objective,
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Figure 6.17. Monocyte. The large cell (center} with a
deeply indented nucleus and blue-gray cytoplasm with no
cytoplasmic vacuoles is a monocyte. Note the pale, finely
granular nuclear chromatin compared with the condensed
chromatin of the toxic band neutrophil (top center), There is
also a toxic segmented neutrophil present {lower left) and
metarubricytes (top left and right corners). Canine blood
smear; 100x objective.

species. When these cells lack vacuoles, they may be
confused with band neutrophils or atypical lympho-
cytes. Usually, if there is any question in interpreta-
tion, more-typical monocytes with vacuoles can be
found on the blood smear, and these cells can be use-

Figure 6.18B. Monocyte, The large cell (center) with a
deeply indented nucleus and blue-gray cytoplasm is a
monocyle. Note the multiple, discrete, clear cytoplasmic
vacuoles in the monocyte compared with the monocyte in
Figure 6.17; these photomicrographs are from the same
blood smear. A metarubricyte is present {lower right) and a
red blood cell with basophilic stippling is present (upper
left), Canine blood smear; 100% objective.

ful in confirming that the cells without vacuoles are
truly monocytes. Also, the chromatin of the monocyte
is more granular to lacy with some areas of condensa-
tion compared to the more condensed chromatin of
the band neutrophil.




CHAPTER SEVEN

WHITE BLoOOD CELL
INCLUSIONS AND PARASITES

Overall, the presence of inclusions or parasites in
white blood cells is a much less common finding than
inclusions or parasites in red blood cells. Also, if in-
clusions or parasites are present, they are often
present in extremely low numbers.

Azurophilic granules, which may be confused with
viral inclusions or parasites, are present in some nor-
mal lymphocytes. These typically small, variably
sized, and often multiple pink to purple granules can
be found in lymphocytes of any species (Figure 7.1},
Rarely, these granules can be quite large, especially in
ruminants. In most normal animals, only a small per-
centage of lymphocytes are granulaled. In the llama, a
fairly high proportion of normal lymphocytes has
been reported to have these granules.

Organisms can be found in the white blood cells of
dogs with ehrlichiosis. The Efrlichia morulae can be a
few to several microns in diameter. Each morula is
made up of multiple, small, blue to purple coccoid-
shaped structures known as clementary bodies. When
morulae are present in monocytes or lymphocytes,
they are typically Efrliclia canis, found mainly in trop-
ical and subtropical areas, Morulae that are present in
neutrophils or eosinophils are typically Ehrlichia
ewingii (Figure 7.2), This form of ehrlichiosis is known
as granulocytic ehrlichiosis.

Distemper viral inclusions in dogs can potentially

Figure 7.1. Azurophilic granules, The lymphocyte has
several small, pink to purple cytoplasmic granules adjacent
to the nucleus. Feline blood smear; 1002 objective,

be found in all types of white blood cells. They are
quite variable in size and stain pink to light purple.
These round, oval to oblong, irregular structures have
a granular to often a smooth glassy appearance (Fig-
ure 7.3). 5ingle or multiple inclusions may be present.

Hepalozoon canis is typically found in the neu-
trophils or monocytes. Cases have been mainly re-
ported in the U.5. Gulf Coast states, France, ltaly, the

Figure 7.2.  Morula of Ekrlichia ewingii, The neutrophil in
the center of the ficld has a single cytoplasmic morula,
Canine buffy coat smear, courtesy of . Boon; 100x objec-
tive,

Figure 7.3, Canine distemmper viral inclusions. The seg-
mented neutrophil in the center of the field has prominent,
round, light purple cytoplasmic inclusions characteristic of
canine distemper virus. Canine blood smear; 100 objective.
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Middle East, and Asia. H, canis gametocytes are large,
oblong to oval organisms, typically measuring 5 » 10
pm and stain light blue (Figure 7.4).

Histoplasma capsulatum can be found in neutrophils,
monocytes, and eosinophils in the United States and
sporadically elsewhere. They are 2 to 4 um in diame-
ter, round to oval structures (Figure 7.5), They stain
light blue and contain pink to purple, eccentrically
placed granular nuclear material. Often there is a
small halo around the organism. Single or multiple or-
ganisms may be present.

Mucopolysaccharidoses are a group of uncommon
lysosomal storage diseases in cats as well as dogs,
Mucopolysaccharidoses types I, VI, and VII in cats
and type VII in dogs have been reported to have pin-
point purple granules in the cytoplasm of neutrophils
(Figure 7.6). Cats with GM, gangliosidosis, another
lysosomal storage disease, also have neutrophil gran-
ulation. Granulation may be seen in other white blood
cell types in these disorders as well. Granulation of
the lysosomal storage disease can look similar to toxic
granulation and may be distinguished from it because
there are typically no other signs of toxicity in the neu-
trophils. Biochemical testing is required to confirm the
type of lysosomal storage disease, Similar granulation
has been seen in neutrophils in some Birman cats.
These cats do not have clinical signs that are typically
associated with lysosomal storage diseases.

Certain types of lysosomal storage diseases in cats,
including Nieman-Pick disease, gangliosidosis, muco-
polysaccharidosis, and mannosidosis, result in vacuo-
lation of white blood cells. These multiple, small dis-

Figure 74.  Hepatozoon canis, Two of three neutrophils in
the center of the field have single, large, ablong cytoplasmic
structures with eccentrically placed, purple granular mate-
rial. These are gametocytes of Hepatozoon canis. Canine
blood smear; 100x objective,

crete vacuoles are most easily recognized in lympho-
cytes (Figure 7.7). In some of these storage diseases,
granules may also be found inside a portion of the
vacuoles. Biochemical characterization of the enzyme
deficiency is necessary to confirm and accurately clas-
sify the disorder. Fresh blood smears should be exam-
ined since vacuolation of normal white blood cells
may also occur over time in vitro. Vacuolation of neu-
trophils has also been reported in cats after adminis-
tration of high doses of chloramphenicol and
phenylbutazone,

Another rare hereditary disorder of cats in which

Figure 7.5. Histoplasma capsulatum. The monocyte/
macrophage has threee light blue oval organisms with pur-
ple, eccentrically placed granular material. These are Histo-
plasma capsulatum organisms. Canine blood smear, feathered
edge; 100k objective,

Figure 7.6, Mucopolysaccharidosis type VI The neu-
trophil in the center of the field has multiple, small, light
purple granules in the cytoplasm; this is typical of mu-
copolysaccharidosis type V1. Feline blood smear; 100% ob-
jective,
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leukocyte inclusions may be present is Chédiak-Hi-
gashi syndrome (Figure 7.8). The granules are typi-
cally round to oval, 2 um in diameter to slightly larger.
They stain light pink, and single or multiple granules
may be present.

Inclusions and parasites in white blood cells of
horses are uncommon. Efilichia equi {mainly U.5.A.)
looks similar to Efirlichia canis and can be found in
neutrophils and rarely in eosinophils.

Inclusions and parasites in white bload cells of cat-
tle are also uncommon. Ehtlichia phagocitophilia is re-

Figure 7.7.

Gangliosidosis. The lymphocyte in the center
of the field has multiple, variably sized, discrete cytoplasmic
vacuoles typical of some lysosomal storage diseases, includ-
ing gangliosidosis. The lymphocyte to the left is more nor-
mal appearing, Feline blood smear, from 1988 ASVCP slide
review, courtesy of 5. Dial; 100x objective.

ported in Northern and Western Europe, The rare
hereditary disorder, Chédiak-Higashi syndrome, has
been reported in cattle and looks similar to the inclu-
sions described for cats,

Vacuolation of cow as well as sheep lymphocytes
has been reported in the lysosomal storage discase
known as acquired alpha mannosidosis. The decrease
in the enzyme activity of alpha mannosidase is due to
the ingestion of swainsonine, which is found in the lo-
coweed plant. Measurement of swainsonine in the
bloed can be dane to confirm this disease.

Figure 7.8.  Chédiak-Higashi syndrome. The neutrophil in
the center of the field has three small, round, pink cytoplas-
mic granules typical of Chédiak-Higashi syndrome, Feline
blood smear, from 1987 ASVCP slide review, courtesy of M,
Menard; 100x objective.




CHAPTER EIGHT

PLATELETS

Platelets, also known as thrombocytes, morphologi-
cally look very similar in the different species, al-
though in horses they generally do not stain as in-
tensely (Figures B8.1-8.5). Platelets are small,
anucleated, discoid-shaped, light blue staining cells
that may have multiple, fine, pink to purple granules
in the cytoplasm. They are typically 2 to 4 pm in di-
ameter. Sometimes, if platelets become activated dur-
ing the collection procedure, they may have multiple
fine projections. If enough of the platelels are acti-
vated, they will coalesce and form large clumps (Fig-
ure B.6). It is sometimes difficult to make out the indi-
vidual platelets in these clumps. Often due to their
large size, platelet clumps can be found on the feath-
ered edge of the slide,

With increased demand for platelets, larger
platelets may be released from the bone marrow,
These larger platelets are known as macroplatelets or

Figure 8.1, Dog platelets. The small, round to oval, light
blue anucleated cells with pink to purple cytoplasmic gran-
ules are platelets, Canine blond smear; 100x objective.
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giant platelets (Figure 8.7). These platelets typically
can be 5 pm or larger. Macroplatelets are commonly
seen in feline peripheral blood samples irrespective of
disease state; in this species, this finding is not neces-
sarily related o bone marrow response to a peripheral
demand for platelets.

A rickettsial organism that has an affinity for
platelets is Ehrlichia platys. Infection by this organism
causes a disease thal occurs in dogs mainly in the
southern and southeastern portions of the United
States and elsewhere in tropical and subtropical areas,
The morphology of these organisms is similar to that
of the Efrlichin species that infects white blood cells.
The morulae are a few microns in diameter and are
made up of multiple, small, blue to purple coccoid-
shaped structures known as elementary bodies (Fig-
ure 8.8).

Figure 8.2, Cat platelets. The small, round to oval, light
blue anucleated cells with pink to purple cytaplasmic gran-
ules are platelets. Note the larger size of some of the
platelets that are common in cats. Feline blood smear; 100x
objective.




Figure 8.3. Horse platelets. The small, round to oval, very
light blue anucleated cells with indistinct, pink cytoplasmic
granules are platelets. These cells typically do not stain as
intensely in horses as they do in other species. Equine blood
smear; 100x objective.

Figure 8.6. Large platelet clump. A large irregular clump
of platelets is present (center). Note the size of the platelet
clurmp compared with the neutrophil that is also present. Fe-
line blood smear, feathered edge; 50 objective.

Figura B.4. Cow platelets, The small, round to oval, light
blue anucleated cells with pink to purple cytoplasmic gran-
ules are platelets, Bovine blood smear; 100x objective.

Figure 8.5, Llama platelets. The very small, round to oval,
light blue anucleated cells with pink to purple cytoplasmic
granules are platelets, Llama blood smear; 1060x objective,

Figure 8.7, Macroplatelets. Two giant, or macro-, platelets
are present (arrows), Canine blood smear; 100x objective.

Figure 8.8.  Elirlichin platys. The large platelet in the cen-
ter of the field has two small, dark purple inclusions that are
morulae of Elrlichin platys. Canine blood smear, from 1986
ASVCP slide review, courtesy of S, Gaunt; 100x objective.




CHAPTER NINE

LYMPHOPROLIFERATIVE AND
MYELOPROLIFERATIVE DISORDERS

GENERAL FEATURES

Animals with lymphoproliferative or myeloprolifera-
tive disorders have clonal proliferation of neoplastic
cells of the lymphoid and myeloid lineage respec-
tively, When this neoplastic proliferation occurs in the
bone marrow and these cells are released into the cir-
culation, this is known as leukemia, The diagnosis of
leukemia depends on several different factors, includ-
ing history, clinical signs, and physical examination,
as well as a detailed examination of the blood and
bone marrow.

Recently, the animal leukemia study group of the
American Society of Veterinary Clinical Pathologists
(ASVCP) proposed the adaptation of the
French/American/British classification scheme of
leukemias of people to be used in the classification of
myeloid leukemias of dogs and cats. This system is
based on recognizing the abnormal cells that are
present, as well as systematically counting the differ-
ent cell types present in the bone marrow. This classi-
fication scheme, although very useful, is beyond the
scope of this atlas and is not used extensively here. In-
stead, the basic morphelogical approach is given for
both lymphoid and myeloid leukemia. The discussion
in this chapter focuses on those changes that are
present in the peripheral blood of animals with
leukemia, but again, this clearly is only one factor lo
consider in recognizing and classifying leukemias.

Finding an abnormality in the peripheral blood is
often the first indication that a leukemia may be
present. With poorly differentiated leukemia, identifi-
cation of a leukemic process is often easy; the diffi-
culty lies in the proper classification. It is common in
these cases to use special enzyme cytochemical stains
or immunophenotyping to properly identify the ori-
gin of the neoplastic cells. In contrast, in well-differ-
entiated leukemia, the cell lineage is easy to recognize,
but the challenge is to differentiate the leukemic
process from inflammation.
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LYMPHOPROLIFERATIVE
DISORDERS

Lymphocytic Leukemia

Lymphocytic leukemia can occur in any species but is
more common in dogs and cats compared to horses,
cattle, and Hlamas. Lymphocytic leukemia can be di-
vided into two major types: acute and chronic.

Acute Lymphocytic Leukemia Animals with acute
lymphocytic leukemia, also known as acute lym-
phoblastic leukemia, often have high numbers of neo-
plastic cells in the circulation, but the morphology of
these lymphocytes is not typical of those found in the
circulation of a normal animal. In acute lymphocytic
leukemia, the predominant cell type is a large, imma-
ture-appearing lymphocyte, typically a lymphoblast
{(Figures 9.1 and 9.2),

Chronic Lymphocytic Leukemia  In chronic lympho-
cytic leukemia, the predominant cell fype is a cyto-
morphologically normal lymphocyte. These lympho-
cytes usually look similar to typical small- to
medium-sized lymphocytes present in the circulation,
but they are present in very high numbers (Figures 9.3
and 9.4).

Lymphosarcoma

Lymphoblasts also may be found in the circulation
during the leukemic phase of lymphosarcoma (Figure
9.5). Lymphosarcoma is a lymphoproliferative disor-
der in which, typically, the neoplastic lymphocyte
proliferation starts in primary sites other than the
bone marrow, such as lymph nodes and tissues. In cer-
tain cases, the proliferation of the neoplastic cells will
spread to the bone marrow and subsequently to the
blaod, leading to the leukemic phase of lymphosar-
coma, Because of the higher incidence of lymphosar-
coma than acute lymphocytic leukemia, circulating
lymphoblasts are more commonly seen with lym-
phosarcoma.
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Figure 8.1.  Acute lymphocytic leukemia. Many large lym- Figure 9.4, Chronic lvmphocytic leukemia. This is a
phocytes, often with prominent nucleoli, are present. Note higher magnification of the blood smear shown in Figure
the large size of these cells relative to the normal neutrophil 9.3, Nate the four small- to medium-sized lymphocytes that
in the left center of the field. Canine blood smear; 50x objec- ate normal to slightly reactive in morphology. Feline blood
tive. smear; 100x objective.

h . Figure 8.2,  Acute lymphocytic leukemia. This is a higher Figure 9.5. Lyvmphoblasts. Seven large lymphocytes are
- . magnification of the blood smear shown in Figure 9.1. Three present, often with prominent nucleoli; these are lym-
.. large lymphocytes are present with prominent multiple nu-  phoblasts. This animal is in the leukemic phase of lym-
“cleoli; these are lymphoblasts. A normal neutrophil is  phosarcoma, Bovine blood smear; 100x objective.
A a tin the upper right corner. Canine blood smear; 100x
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Figure 9.6. Large granular lymphocytic leukemia. Many

: large lymphocytes, often with prominent nucleoli, are
Figure 9.3. Chronic lymphocytic leukemia, Many small- present. Several of the cells also have large, round to irregu-
to medium-sized lymphocytes are present in this field. One larly shaped, purple cytoplasmic granules. Canine blood
segmented neutrophil is in the upper right corner, Feline smear, from 1989 ASVCD slide review, courtesy of M. Well-
blood smear; 50x objective. man; 50x objective.
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Large Granular Lymphocytic Leukemia

Another rare lymphoproliferative disorder that is
unique due to the morphology of the lymphocytes is
large granular lymphocytic leukemia (Figures 9.6 and
9.7). As the name implies, these cells have large, vari-
ably sized, purple cytoplasmic granules.

Plasma Cell Myeloma

Finally, a lymphoproliferative disorder in which the
neoplastic proliferation mainly eccurs in the bone
marrow is plasma cell myeloma. Plasma cells rarely
can be seen in the circulation with this disorder.
Plasma cells are not typically found in the circulation
in animals with inflammatory disease, thus if present
in high numbers, plasma cell myeloma should be con-
sidered.

MYELOPROLIFERATIVE
DISORDERS

General Features

As with lymphoproliferative disorders, myeloprolif-
erative disorders are more common in small animals
than in large animals. These disorders are most com-
monly recognized in cats and are often associated
with feline leukemia virus infection. Myeloprolifera-
tive disorders involve cells of the granulocytic, mono-

Figure 9.7. Large granular lymphocytic leukemia. This is
a higher magnification of the blood smear shown in Figure
9.6, All the nucleated cells are large lymphocytes with often
prominent nucleoli. Two of the cells have round to irregu-
larly shaped, purple cytoplasmic granules, Canine blood
smear, from 1989 ASVCD slide review, courtesy of M. Well-
man; 100x objective.

cytic, erythrocytic, and megakaryocytic lineages.
Myeloproliferative disorders can be divided into three
main categories: myelodysplastic syndrome, acute
myeloid leukemia, and chronic myeloid leukemia.
Myeloid leukemia can be a neoplastic proliferation of
cells of single, as well as multiple, lineages.

Myelodysplastic Syndrome

Myelodysplastic syndrome is most often seen in cats.
Myelodysplastic syndrome is also known as
preleukemia, for animals with myelodysplastic syn-
drome may go on to develop myeloid leukemia, Al-
though all animals with myelodysplastic syndrome
will not progress to blatant leukemia, it is still a life-
threatening condition. As with leukemia, the diagno-
sis of myelodysplastic syndrome depends on multiple
factors including history, clinical signs, physical ex-
amination, as well as a detailed examination of the
blood and bone marrow; repeated examination of the
blood, over time, is often necessary. Animals with
myelodysplastic syndrome have abnormalities in the
maturation of one or more myggoid lineage cell types.
These maturation abnormalflties are known as
myelodysplasia. In addition, blast cells may be found
in the circulation (Figure 9.8). Cells with maturation
abnormalities and blast cells can also be found in the
peripheral blood of animals with acute myeloid
leukemia. The differentiation between these two
processes is due mainly to the number and type of ab-

Figure 9.8. Blast cell. Low numbers of blast cells may be
found in the circulation of animals with myelodysplastic
syndrome. The nucleated cell {center) with the round eccen-
trically placed nucleus, prominent single nucleolus, and
moderate amounts of blue cytoplasm is a blast cell of prob-
able erythrocytic erigin, Giant platelets are present also. Fe-
line blood smear; 100x objective.
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normal cells present in the blood and bone marrow.
Some myelodysplastic features found in the blood are
described subsequently. Any given animal with
myelodysplastic syndrome or myeloid leukemia may
have one or more of these features.

Myelodysplasia of cells of the erythrocytic lineage is
known as dyserythropoiesis. One feature of dysery-
thropoiesis is the formation of megaloblastic erythroid
cells, These cells are recognized by their large size and
dyssynchreny of maturation of the nucleus and cyto-
plasm. These cells often have mature-appearing red-
dish-orange cytoplasm, which is typical of red blood
cells with their full hemoglobin content, and a large
immature-appearing nucleus with noncondensed nu-
clear chromatin (Figure 9.9), Megaloblastosis also can
be seen with B12 and folate deficiency, but this rarely
has been documented in domestic animals.

A second feature of dyserythropoiesis is macrocyto-
sis, which is characterized by high numbers of macro-
cytes, large red blood cells in circulation (Figure 9.10).
Macrocytosis is commonly seen in regenerative ane-
mias in all animals, but in myelodysplasia, macrocy-
tosis typically occurs concurrently with a nonregener-
ative anemia. Macrocytic nonregenerative anemia also
has been documented in a cat with folate deficiency.
Macrocytosis occurs in some poodles and has little
clinical significance. A third feature of dyserythro-
poiesis is the presence of sideroblasts and siderocytes,
which, respectively, are nucleated or anucleated red
blood cells with bluish granular material in the cyto-
plasm. This material is iron and can be difficult to dis-

tinguish from the common cause of basophilic stip-
pling, which is RNA accumulation. A Prussian blue
stain is necessary to confirm that the granular mater-
ial is iron. Other abnormalities of erythrocytic differ-
entiation that may be present include the presence of
cells with multiple nuclei and abnormal nuclear
shapes (Figure 9.11). Abnormal nuclear shapes of
erythrocytic precursors have also been seen after the
administration of vincristine.

Figure 9.10. Macrocyte. The large, mature red bload cell
in the center of the field directly below the lymphocyte is a
macrocyte, Note the similarity of the size of this cell and the
Iymphocyte. [f high numbers of macrocytes are present in
an anemic animal with lack of polychromatophils, this is a
feature of dyserythropoiesis, Feline blood smear; 100 ob-
jective.

Figure 9.9, Megaloblastic, nucleated red blood cell. The
large cell (center} with slightly eccentric, relatively imma-
ture, ovoid nucleus with condensed chromatin and bluish-
red eytoplasm is a megaloblastic red blood cell precursor.
The giant size and dyssynchrony in maturation of the cyto-
plasm and nucleus are features of dyserythropoiesis. Large
platelets are also present. Feline blood smear; 100x objective.

Figure 9.11.  Abnormal nuclear shape, The metarubricyte
in the center of the field has three variably sized, pyknotic
nuclear fragments. This is a feature of dyserythropoiesis.
Canine blood smear; 100 objective.




Figure 9.12. Giant neutrophil. The segmented neutrophil
in the upper left corner is larger than the adjacen! seg-
mented neutrophil and metamyelocyte in the lower portion
of the field. This may be a feature of dysgranulopoiesis. Fe-
line blood smear; 100x objective.

Myelodysplasia of granulocytic development is
known as dysgranulopoiesis. Nuclear changes that
may be seen include hyper- and hyposegmentation as
well as nuclear fragmentation. Changes in the cyto-
plasm of the cells include decreased numbers of gran-
ules or abnormal granule shapes, which can be most
easily recognized in eosinophils or basophils. Giant
neutrophils may be present also; however, enlarged
neutrophils and possibly giant neutrophils may be
seen as a sign of neutrophil toxicity during inflamma-
tory disease (Figure 9.12).

Myelodysplasia of platelet production is known as
dysthrombopoiesis. The main feature that may be
present in the peripheral blood is a high number of
giant platelets (Figures .13 and 9.14). These platelets
may be hypo- or hypergranular. In cats, the presence
of low to moderate numbers of giant platelets is com-
mon irrespective of the underlying disease state,

Acute Myeloid Leukemia

Acute Undifferentiated Leukemia The most poorly
differentiated acute myeloid leukemia is acute undif-
ferentiated leukemia, High numbers of cells that are
very difficult to classify based on morphology as well
as enzyme cytochemical staining patterns are present
in the circulation. Included in this category is a disease
in cats previously known as reticuloendotheliosis. In
this discase, many blasts and immature-appearing
cells are present in the circulation with some of the
cells having eccentrically placed round nuclei with
moderate amounts of blue cytoplasm with or without
purple granules (Figure 9,15). The nuclear chromatin
may be coarse and similar to cells of the erythrocytic
lineage; however, cytoplasmic features are often simi-
lar to cells of the granulocytic lineage.

Figure 9.13, Giant platelets. Many pgiant platelets are
present. Due to the high numbers and very large size of the
platelets, this represents dysthrombopoiesis. Feline blood
smear; 5 objective,

Figure 9.14.  Giant platelet. This is a higher magnification
of the blood smear shown in Figure 9.13. A very large, ab-
normally shaped giant platelet is present (center), Feline
blood smear; 100x objective,

Figure 8,15, Acute undifferentiated leukemia, There is a
very large cell {center) with a round to oval, eccentrically
placed nucleus; a coarsely granular chromatin pattern; and
moderate amounts of deep blue cytoplasm with pink-pur-
ple granules. This cell has features of both erythrocytic and
granulocytic precursors, Feline blood smear; 100k abjective.
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Acute Myeloblastic Leukemia Acule myeloblastic
leukemia, also known as acute granulocytic leukemia,
has high numbers of immature granulocytic precur-
sors in the peripheral blood. Typically, myeloblasts
and possibly promyelocytes are present in high num-
bers (Figures 9.16 and 9.17). Other more mature gran-

Figure 8.16. Acute myeloblastic (or acute granulocytic)
leukemia. Four very large cells are present with round to in-
dented, immature-appearing nuclei. Without cytochemical
staing, these cells of the granulocytic lineage are difficult to
distinguish from immature cells of the lymphocytic or
monocytic lineage. Feline blood smear, fram 1985 ASVCP
slide review, courtesy of |. T, Blue; 100x abjective.

Figure 9.17. Acute myeloblastic leukemia, Another field
of view of the blood smear shown in Figure 9.16. The large
cell in the center has an oval immature nucleus and pink ey-
toplasmic granules. The presence of the cytoplasmic gran-
ules similar to those of a normal promyelocyte help to clas-
sify this leukemia as granulocytic in origin. The smaller cell
in the lower right may be a component of the leukemic
process. Feline blood smear, from 1985 ASVCP slide review,
courtesy of | T. Blue; 100x objective,

ulpeytic cells may be present; however, in contrast Lo
severe inflammatory disease, these more mature gran-
ulocytes are in the minority. If just myeloblasts are
present, it can be difficult to distinguish these cells
from other blast cells such as lymphoblasts or
monoblasts. In these cases, enzyme cytochemical
staining is essential for accurate classification.

Acute Monocytic Leukemia Acute monocylic leu-
kemia is recognized by the high number of monocytes
as well as monocytic precursors, including promono-
cytes and monoblasts, in the circulation (Figures 9.18
and 9.19). Leukemias that just have monoblasts
present can be difficult to distinguish from acute
myeloblastic leukemia or acute lymphocytic leu-
kemia.

Myelomonocytic Leukemia Myelomonocytic leu-
kemia is a neoplastic proliferation of both types of
cells of the granulocytic and monocytic lineage. It has
the combined features of both acute myeloblastic
leukemia and acute monocytic leukemia,

Erythroleukemia Erythroleukemia, as the name im-
plies, is a leukemia of both red and white cell lineages.
Both erythrocytic and leukocytic precursors are
present in the circulation (Figures 9.20 and 9.21), An
abnormal number of early precursors are typically
present. This condition must be distinguished from a
leukoerythroblastic state, which is a nonneoplastic
process that occurs in times of extreme peripheral de-
mand for red and white cells. The main way to distin-
guish these two when evaluating the blood smear is
that, in erythroleukemia, there are typically a dispro-

Figure 9.18. Acute monocytic leukemia. The five cells
with deeply indented nuclei and occasionally vacuolated
eytoplasm have features similar to normal monocytes. Ca-
nine blood smear; 50x objective,
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portionate number of early erythrocytic and leuko-
cytic precursors as compared with the number of ma-
ture cells. In contrast, during a leukoerythroblastic re-
sponse, there are typically more mature erythrocytic
and leukocytic precursors present than there are im-
mature cells.

Figure 9.19.  Acute monocytic leukemia, Another field of
view of the blood smear shown in Fig'u.ne 9.18. The ]a.rge cell
(center) with an oval nucleus and multiple, poorly distinct
nucleoli is a monoblast. Due to the presence of high num-
bers of cells with monocytic morphalogy as shown in Figure
9.18 and monoblasts, this represents acute monocytic
leukemia. Cytochemical staining for confirmation of cell lin-
eage is recommended. Canine blood smear; 100x objective.

Figure 9.20, Erythroleukemia. Three nucleated red blood
cells are present in the upper left corner, A large immature
cell, probably an early granulocytic precursor, is present in
the lower right corner. Feline blood smear; 100x objective,

Figure 8.21.  Erythroleukemia. Another field of view of the
blood smear shown in Figure 9.20. Cells of the erythrocytic
and granulocytic lineage are present. The presence of im-
mature cells of the granulocytic and erythrocytic lineage, the
decreased red blood cell density {anemia), and the lack of
polychromatophils and mature, segmented neutrophils are
representative of erythroleukemia, Feline blood smear; 100x
objective,

Megakaryoblastic Leukemia Megakaryoblastic leu-
kemia is recognized by the high number of megakary-
oblasts in the circulation. As with other poorly differ-
entiated leukemias, the megakaryoblasts may be diffi-
cult to differentiate from other blast cells based on
morphology alone, Increases and decreases in platelet
numbers as well as the presence of giant platelets and
hypo- and hypergranulation of the platelets have also
been documented.,

Chronic Myeloid Leukemia

Chronic myeloid leukemia is recognized by high
numbers of well-differentiated cells of the granulo-
cytic lineage (neutrophilic, eosinophilic, or ba-
sophilic). These disorders are named by the predomi-
nant cell type present in the blood. For example, if
mainly eosinophils are present, it is an eosinophilic
leukemia. In these cases as well as other chronic
myeloid leukemias, in addition to the presence of ma-
ture cells, immature cells may also be present. This
can be seen in eosinophilic leukemia, whereby
eosinophilic bands, metamyelocytes, and myelocytes
may be present; however, the mature cell type vastly
predominates, If cells of the neutrophilic lineage pre-
dominate, the disorder is known as chronic granulo-
cytic or myelocytic leukemia (Figures 9.22 and 9.23).
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Figure 9.22, Chronic granulocytic leukemia. Many seg-
mented neutrophils are present. The high numbers of neu-
trophils with a lack of inflammation present in this animal
are diagnostic of chronic granulacytic leukemia. Canine
blood smear; 50x objective,

Figure 9.23. Chronic granulocytic leukemia. This is a
higher magnification of the blood smear shown in Figure
9.22. Note the many segmented neutrophils present, the ma-
jority of which are hypersegmented. Canine blood smear;
100x objective.

Others

Erythremic Myelosis Erythremic myelosis has his-
torically been classified as a leukemia of the erythro-
cytic lineage. This disorder has recently been renamed
as either myelodysplastic syndrome with erythroid
predominance or erythroleukemia with erythroid pre-
dominance, and mainly occurs in cats. In this disorder,
erythrocytic precursors are present in the blood with a
lack of significant numbers of polychromatophils (Fig-
ure 9.24). Most of the cells are usually metarubricytes
and rubricytes, but prorubricytes and rubriblasts may
be present also.

Figure 8.24. Erythremic myelosis. Six nucleated red blood
cells are present. This finding assaciated with low red cell
density {anemia) and a lack of polychromasia is supportive
of erythremic myelosis. Feline blood smear; 100x objective.

Polycythemia Vera A well-differentiated leukemia
of the erythrocytic lineage is known as polycythemia
vera, in which there generally is not unusual mor-
phology of the red blood cells; they are just present in
very high numbers. Rarely, there have been reports of
increased numbers of white blood cells in these ani-
mals as well. These findings suggest a multiple cell,
lineage affect, rather than a sole erythrocytic abnor-
mality.

Essential Thrombocythemia A well-differentiated
leukemia of the megakaryocytic lineage is known as
pssential thrombocythemia (Figure 9.25). Abnormal
platelet morphology such as giant platelets and hypo-
and hypergranulation of the platelets have been doc-
umented in addition to the marked thrombocytosis
that is seen.

R

Figure 9.26. Marked thrombocytosis. Many platelets are
present throughout the field. This extreme thrombocytosis is
typical of essential thrombacythemia. Canine blood smear,
from 1987 ASVCP slide review, courtesy of |, G. Zinkl; 100x
objective.
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Neoplastic Profiferation of Mast Cells  Although not
a true leukemia, neoplastic proliferation of mast cells
may occur in the bone marrow with subsequent re-
lease of these cells into circulation (Figures 9.26 and
9.27). This can result in often finding high numbers of
‘ poorly to well-granulated mast cells in the circulation,
Mast cells present in the circulation {mastocytemia)
secondary to a neaplastic proliferation must be differ-
I entiated from mast cells in the circulation in associa-
| tion with inflammatory disease. Typically, when mast
cells are found in the circulation secondary to inflam-
matory disease, the cells are well granulated and
present in very low numbers. This, also, often is a very
‘ transient response.
i

Figure 9.26. Mastocytemia. Three mast cells are present.
If there is a high number of mast cells present in the circula-
tion and inflammatory disease is nol present, a systemic
mast cell neoplastic process is likely. Feline blood smear; 50x
objective.

Figure 9.27. Mastocytemia. Another field from the blood
smear shown in Figure 9.26, Two well-granulated mast cells
‘ are present, Peline blood smear; 100 objective.
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MISCELLANEOUS FINDINGS

There are several different cell types that are often not
classified accurately by the novice. These cell types are
contrasted here. Small lymphocytes are somelimes
confused with nucleated red blood cells, specifically
rubricytes (Figure 10.1). Both of these cells have very
high nuclear to cytoplasmic ratios and round nuclei.
The main difference is the chromatin pattern of the
nuclei. Small lymphocytes have a homogeneous,
glassy- to smudged-appearing nuclear chromatin
with some areas of condensation. In contrast, rubri-
cytes have a much more coarsely granular and
clumped nuclear chromatin. The color of the cyto-
plasm may also be helpful. The cytoplasm of the
rubricyte ranges from deep blue to reddish-blue,
whereas the cytoplasm of the small lymphocyte is typ-
ically light blue but may be deep blue if reactive.
Large lymphocytes are sometimes confused with
monocytes, which do not have vacuoles in the cyto-
plasm (Figure 10.2). Bath cells have a moderate nu-
clear to cytoplasmic ratio. Large lymphocyte nuclei
are typically round to oval but may be indented. In
contrast, monocyte nuclei may be round to oval but
usually have multiple indentations. The chromatin
pattern of the large lymphocyte is more homogeneous

Figure 10.1.  Rubricyte versus lymphocyte, The cell (left of
center) with a round nucleus with very clumped chromatin
and rim of reddish-blue cytoplasm is a rubricyte. The cell
{right of center) with a round to oval, slightly indented nu-
cleus and smudged nuclear chromatin with some areas of
condensation is a small lymphocyte. Note that the cyto-
plasm of the lymphocyte is light blue compared with the
reddish-blue cytoplasm of the rubricyte. Canine blood
smear; 100 objective.

ob

compared with the net-like chromatin with several
clumped areas of the monocyte. Both cells have blue
cytoplasm; however, the cytoplasm of the monocyte is
typically more blue-gray. If a large cell that may be a
maonocyte or lymphocyte is observed, it may be useful
to find a more classic monocyte with vacuoles and
compare this cell with the cell in question and see if
the nuclear chromatin and color of the cytoplasm are
similar or different,

Monocytes also are sometimes confused with toxic
band neutrophils and metamyelocytes. Differentiat-
ing these cells is one of the great challenges in cell
identification (Figure 10.3). Monocytes, toxic band
neutrophils, and metamyelocytes are often of similar
size with blue cytoplasm. The nucleus of the mono-
cyte can be band- or kidney bean-shaped, similar to
the nucleus of the band neutrophil and metamyelo-
cyte, respectively. One of the primary differences
ameng, these three cell types is related to the nuclear
chromatin patterns. The monocyte nuclear chromatin
is lacy or net-like with some areas of condensation,
and the chromatin of the cells of the neutrophilic lin-
eage is more condensed or clumped. The presence of
Dihle bodies is helpful in accurately identifying the
cell as an immature neutrophil also; Dishle bodies are
not present in monocytes.

Other miscellaneous cell types include smudge,
pyknotic, and mitotic cells. Smudge cells are just bro-
ken cells (Figure 10.4), and it is impossible to accu-
rately identify their exact origin, Typically, however,
they will not have intact cell membranes and the cy-
toplasm is lost; only free nuclear chromatin material is
present. These cells are sometimes also called basket
cells, because of the delicate, woven basket-like
strands of dispersed nuclear chromatin, Low numbers
of these cells may be present in normal preparations.
High numbers of broken cells may be present if the
blood sample is lipemic or, somelimes, when high
numbers of neoplastic and possibly more-fragile cells
are present.

Cells that are undergoing pyknosis, which is a nat-
ural process of cell injury and death, have very con-
densed nuclear chromatin (Figure 10.5). It is often im-
possible to tell the origin of pyknotic cells. The
pyknotic nuclear bodies may undergo fragmentation,
and many small pieces of condensed nuclear material
may be present,

Mitotic cells are cells that are dividing and thus the



60 MISCELLANEOUS FINDINGS
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Figura 10.2.

Large lymphocyte, The cell with the oval nu-
cleus and moderate amount of light blue cytoplasm is a
large Iymphocyte. Note the chromatin is more homoge-
neous compared with the net-like chromatin with areas of
condensation of the monocytes in Figure 10.3. Canine blood
smear; 100x abjective.

Figure 104, Smudge cell. The large, light purple, net-like
structure in the right center of the field is a broken, or
smudge, cell; this is free nuclear chromatin material. There
is @ neutrophil present (lower left). Feline blood smear; 100x
objective.

Figure 10.3,

Monocyte versus toxic band neutrophil. The
two nucleated cells in the lower left quadrant are mono-
cytes; the large nucleated cell in the upper right quadrant is
a toxic band neutrophil. Note that the chromatin pattern of
the band neutrophil is much more condensed or clumped
compared with the more open, net-like chromatin pattern of
the monocyte. Canine blood smear; 100x objective.

chromosomes are visible (Figure 10.6). The exact ori-
gin of the mitotic cells is often impossible to identify.
It is uncommon to see these in the peripheral blood,
but if they are present in significant numbers, a neo-
plastic process may be present.

Cell identification often depends on recognizing the
color of the cell, which in turn depends on the type
and quality of the stain used. A commenly used,

Figure 10.5. Pyknaotic cell. The cell {center) with pink cy-
toplasm and four markedly condensed nuclear fragments is
a pyknotic neutrophil. There is a normal segmented new-
trophil present to the right of the pyknotic neutrophil. Ca-
nine blood smear; 100x objective.

rapid, modified Wright's stain is Diff-Quik®. With this
stain, the color of the blood cells is slightly different
compared wilth the color of the cells in the photomi-
crographs shown throughout the text, which are
Wright's stained. One of the major color differences is
that of the red blood cells. Often, the mature red blood
cells stain bluish-gray to brownish-red with Diff-
Quik® (Figure 10.7). Polychromatophils may be diffi-
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Figure 10.6. Mitotic figure. The blue cell with an irregu-
larly shaped nucleus is a cell undergoing mitosis, Canine
blood smear; 100x objective.

Figure 10.7. Mature red blood cells and polychro-
matophils. The bluish-purple cells in the center of the field
and upper left corner are polychromatophils, The other cells
are mature red blood cells and platelets, Bovine blood
smear; Diff-Ouik® stain; 100x objective.

cult to identify because they stain bluish-red to bluish-
purple. The cytoplasm of the neutrophils, also, often is
more blue, which may be confused with mild toxicity.
Finally, the chromatin of most of the nucleated cells is
often more accentuated or clumped when Diff-Quik®
stain is used (Figure 10.8).

Twao extracellular organisms that may be present in
the blood are microfilaria and trypanosomes. Microfi-

Figure 10.8. Rubricyte. The cell in the right center of the
field is a rubricyte. Note the marked clumped chromatin
compared with the rubricyte shown in Figure 10.1. Poly-
chromatophils (larger and bluish-purple-staining cells) and
mature red blood cells are present also, Bovine blood smear;
Diff-Quik® stain; 10K objective.

Figure 10.9. Microfilaria. The very Iarge, elnngated struc-
ture in the center of the field is a micrafilaria. Canine blood
smear; 5(x objective,

laria are easily recognized, based on their very large
size. Typically, they are a few hundred microns long
and several microns thick (Figure 10.9). Due lo their
large size, the organisms often end up on the feath-
ered edge of the blood smear. The two most com-
monly recognized microfilaria are Divofilaria imnritis
and Dipetatonente reconditum, which are most often
found in dogs. Several characteristics, including
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length, shape, and thickness, can be used to distin-
guish these two different types of microfilaria. These
features are best evaluated in wet mounts or fixed
preparations. Generally, if microfilaria are present on
an air-dried blood smear, they are reported as just mi-
crofilaria and other tests are necessary for accurate
classification. Trypanosomes are rarely seen in the pe-
ripheral blood of animals but their significance varies
from area to area. Of the widely distributed nonpath-
ogenic species, Trypanosoma theileri in cattle (Figure
10.10} in North America, Western Europe, and Aus-
tralia and T. imelophaginm in sheep are the most com-
mon. Pathogenic trypanosomes are important para-
sites and may be found in horses and cattle in tropical
and subtropical zenes. Trypanosonm cruzi in dogs is
mainly found in the United States and South and Cen-
tral America. These are large, elongated, ribbon-like
structures, often with tapered ends. They frequently
have an indistinct, undulating membrane on one side
and a small, round, deeply staining internal structure
known as a kinetoplast. T. fheileri are 25 to 120 pm
long. T. cruzi are 16 to 20 pm long,

&

Figure 10.10, Tnj;mnusonm theileri, The ribbon-like struc-
ture with tapered ends is typical of trypanosome species.
This specimen is surrounded by a clump of platelets, Motice
the faintly staining membrane along the convex border and
the elongate, delicate flagellum al one end. Bovine blood
smear; 100x objective.
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APPENDIX 1: SEMIQUANTITATIVE
GRADING SCHEME FOR EVALUATION
OF RED BLOOD CELL MORPHOLOGY?®

Grading Scheme

Morphology
and Species 1+ 2+ 3+ 41
Anisocytosis
Dog 7-15 16-20 21-29 =30
Cat 5-8 8=-16 16-20 >20
Cow 10-20 21-30 3N-40 =40
Horse 1-3 4-6 7-10 =10
Polychromasia
Dog 2-7 B-14 16-29 =30
Cat 1-2 3-8 9-15 =15
Cow 2-5 6-10 1n-20 >20
Harse Vel e e S oraraly obsarved L LD
Hypechromasia
All Spacies 1-10 1N =60 51-200 =200
Poikilocytosis
All Species 3-10 1n-50 51-200 =200
Target Cells
Dogs Only 3-b 6-16 16-20 =30
Spherocytes
All Species 1=10 11=50 51-150 =160

Miscellaneous Merphology (Acanthocytes, Schistocytes, Dacryocytes, Heinz
bodies, Howell-Jolly bodies, etc.)
All Species 1=2 3-8 9-20 =20

Basophilic Stippling
All Spacies ~voo.. rapart as noted when observed . ... L.

Sowrce Adaptad from Tahle 3 by Weiss, Douglass J, 1984, Unifarm avaluation and
semiquantitative reparting af hematologic data i vatennary laboratones, Letermary Chin-
Jeal Patholegy 1312 27-31 Permission granted by Veterinary Practice Publishing Came
pany.

‘Red blood coll morphology is assessed as the average number of abnarmal calls in
the monolayer of the smear using the 100x objective. When using this table, a mono-
layer is defined a5 a microscopic field in wheh approsimately hall of the ed bload cells
arg auching sach othar
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APPENDIX 2: SEMIQUANTITATIVE
GRADING SCHEME FOR EVALUATION ;
OF NEUTROPHIL TOXICITY

MNeutrophil toxicity®
1+ Mild basophilia

2+ Mederate basophilia and/or mild feamy cytoplasm and Déhle bodies may 1
be noted

3+ Marked basophilis and/or marked foamy cytoplasm and Dohle bodies
may be noted

4+ Criteria similar to 3+ with indistinet nuclear membranes ;

‘In cats and horses, Dohle bodies may be present without other signs of tox-

icity; if so, the following classification would be used,
1+ <10% of neutrophils comain Dohle bodies f

2410 to 30% of neutrophils contain Dihle bodies
3+ =30% of neutrophils comntain Ddhle bodies

|
4
!
I
!
1
1
|
!
|
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Acanthocyte A red blood cell with multiple, vari-
ably sized, irregular membrane projections that are
due to alterations in the ratio of membrane choles-
terol to phospholipids,

Agglutination Clumping of red blood cells that is
usually due to cross-linking of red blood cell sur-
face-associated antibodies,

Agranulocyte A white bload cell that does not con-
tain secondary granules, The two types of agranu-
locytes are lymphocytes and monocy tes.

Anemia A condition in which the hemoglobin,
packed cell volume, and red blood cell count de-
crease below the normal reference range.

Anisocytosis A variation in the size of cells; in
hematology, this is most often used to describe vari-
ation in the size of red blood cells.

Azurophilic granules Cytoplasmic granules that
stain pink to reddish-purple with Wright's stain,

Band cell A type of white blood cell with a nuclear
membrane that has parallel sides, although slight
indentations may be present. Band cells can be of
the neutrophilic, eosinophilic, or basophilic lineage.

Bar cell A red blood cell with a central bar-shaped
outfolding. This cell is also known as a knizocyte.

Basophil A white blood cell of the granulocytic lin-
eage with a segmented nucleus, purple cytoplasm,
and often purple cytoplasmic granules.

Basophilia  The reaction of a cell 1o Wrighl's. stain re-
sulting in a bluish-stained cytoplasm; also describes
the color of the cytoplasm of toxic neutrophils or
refers to an increase in the number of basophils in
the circulation.

65

Basophilic A bluish color on Wright's-stained prep-
arations; also refers to basophils,

Basophilic stippling The presence of very small,
dark blue staining bodies within the red blood cell,
The stippling is usually due to RNA accumulation
but may be asseciated with iron accumulation,

Blister cell A red blood cell with a membrane vac-

uole.

Bone marrew  The central portion of long, flat, and
irregular bones that is the principle site of
hematopoiesis.

Buffy coat A layer of white blood cells and platelets
that collects immediately above the red blood cells
in centrifuged whole blood: it has a whitish appear-
ance.

Burr cell  An oval to elongated red blood cell with
multiple, fine projections.

Chromatin A complex of DNA and nuclear pro-
teins.

Codocyte A red blood cell with an extra round out-
folding of membrane in the middle of the coll that
gives the cell a target-like appearance, This cell {s
commonly known as a target cell,

Crenation  An in vitro artifact that resulls in the for-
mation of red blood cells with multiple, regular-
shaped, small fine points on the cell membrane.

Cytoplasm  The portion of the cell that is exclusive
of the nucleus.

Dacryocyte A teardrop-shaped red blood cell that
may be seen in animals with myelofibrosis.
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Deoxyribonucleic acid (DMA) The nucleic acid that
contains the basic genetic information found in the
nuclei of cells.

Diff-Quik® A commercially available preparation for
manually staining slides with a modified Wright's
stain.

Disseminated intravascular coagulation (DIC) A
pathophysiological state that may develop due to
damage of endothelial cells, activation of platelets,
and activation of the coagulation system. This re-
sults in often severe life-threatening bleeding ab-
normalities.

Ddéhle body A small, round to irregular, blue struc-
ture in the cytoplasm of cells of the neutrophilic lin-
eage. It is an abnormal aggregate of RNA in the cell
and one sign of toxicity,

Dyserythropoiesis  Myclodysplasia of cells of the
erythrocytic lineage.

Dysgranulopoiesis  Myelodysplasia of cells of the
granulocytic lineage.

Dysthrombopoiesis  Myelodysplasia of platelets.

Eccentrocyte A red blood cell with a crescent-
shaped clear area that is eccentrically placed. This
cell is formed due to oxidant-induced damage to
the red blood cell membranes.

Echinocyte A red blood cell with multiple, small,
delicate, regular-shaped spines distributed evenly
around the membrane. The mosl commen cause of
echinocyte formation is an in vitro artifact known as
crenation.

Eosinophil A white blood cell of the granulocytic
lineage with reddish to reddish-orange granules in
the cyltoplasm.

Erythrocyte A mature red blood cell.

Erythropoiesis  The production of red blood cells.

Ethylenediaminetetraacetate {(EDTA) The anlicoag-
ulant most commonly used for the collection of
blood for hematological examination.

Ghost cell A remnant membrane of a red blood cell.

Granulocyte A white blood cell that containg sec-
ondary, also known as specific, cytoplasmic gran-
ules. The three different types of granulocytes are
neutrophils, eosinophils, and basophils.

Granulopoiesis  The production of granulocytes,
which include cells of the neutrophilic, basophilic,
and eosinophilic lineages,

Heinz body A rounded, often refractile, projection
from the surface of the red blood cell that is due to
oxidation and denaturation of hemoglobin.

Hematocrit
tive to plasma.

The percentage of red blood cells rela-

Hematology The :-;tud}' of blood.
Hematopeiesis  The production of blood cells,
Hemoglobin  The protein in red blood cells that car-

ries oxygen.

Hemosiderin  The insoluble form of iron that ap-
pears as golden-brown to black, granular to globu-
lar material.

Howell-Jolly body A small piece of remnant nuclear
material in the red blood cell.

Hypochromasia The presence of red blood cells in
the circulation that have increased central pallor
and decreased staining intensity of the membrane
due to decreased hemoglobin content.

Hypochromic cell A red bloed cell with increased
central pallor and decreased staining intensity of
the membrane.

Keratoeyte A red blood cell with two fairly uniform
horn-like projections.

Knizocyte A red blood cell with a central bar-
shaped outfolding. This cell is also known as a bar
cell.

Left shift An increase in the number of band neu-
trophils and other immature cells of the granulo-
cytic lineage in the peripheral blood.
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Leptocyte A red blood cell, which, typically, is
larger with excessive, thin membranes and falds
easily. Target cells and bar cells are types of leplo-
cytes.

Leukemia A neoplastic proliferation of cells of bone
marrow origin that are usually released into the
blood.

Leukemoid Iertaining to the presence of very high
numbers of neutrophilic granulocytes in the circula-
tion, often with many immature forms; due to the
degree of elevation of the white blood cell count,
this may be confused with a true leukemia,

Leukocyte A white blood cell.

Lymphocyte A white blood cell of the agranulocytic
lineage that is characterized by a round nucleus and
light blue cytoplasm. There are two main types: B
lymphocytes, which develap into plasma cells and
produce antibodies, and T lymphocytes, which are
important in the cellular immune response.

Lymphoproliferative disorder A clonal neoplastic
proliferation of cells of the lymphocytic ]incage‘

Macrocyte A red blood cell that is larger than nor-
mal.
Macrophage A large phagocytic cell found in tis-

sues such as the bone marrow; this cell develops
from a blood monocyte,

Mast cell A granulated round cell found in low
numbers in the bone marrow.
Medullary  Pertaining to bone marrow.

Megakaryocyte A very large cell that produces
platelets and is found in the bone marrow,

Metamyelocyte The stage of development of gran-
ulocytes between the myelocyte and the band cell.

Metarubricyte The stage of development of red
blood cells between the rubricyte and the polychro-
matophil,

Mitotic cell A cell that is undergoing division; the

chromosomes are visible,

Monocyte A white blood cell of the agranulocytic
lineage that is characterized by a variably shaped
nucleus and blue-gray cytoplasm, which is fre-
quently vacuolated.

Myeloblast The cell that is the earliest microscopi-
cally identifiable stage of development of granulo-
cytes found in the bone marrow.

Myelocyte The stage of development of granulo-
cytes between the promyelocyte and the metamye-
locyte,

Myelodysplasia  Allerations in the normal develop-
ment and maturation of cells of the myeloid lineage.

Myelofibrosis A condition in which the bone mar-
row has varying degrees of increased fibrous con-
nective tissue that displaces the normal blood cell
precursors,

Myeloid Pertaining to the bone marrow, More
specifically, this term is used to collectively describe
the cells of the granulocytic, erythrocytic, mega-
karyocytic, and monocytic lineages.

Myeloproliferative disorder A clonal neoplastic
praliferation of cells of the myeloid lineage.

Neutrophil A white blood cell of the granulocytic
lineage with a segmented nucleus and pink to light
blue cytoplasm.

New methylene blue stain A stain used to identify
reticulocytes and to more readily see Heinz bodies.

Nonregenerative anemia  An anemia in which there
is not adequate production of red blood cells in the
b('ll'lt" IMAarTon.

Nucleolus A small round structure in the nuclei of
cells that contains RNA and protein; it usually
stains bluish with Wright's stain. Nucleoli {pl.).

Nucleus  The central spherical structure within a cell
that containg DNA, nucleoli, and nuclear proteins.
Muclei (pl.).

Osteoblast A cell in the bone marrow, found in low
numbers, that is important in bone formation.
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Osteoclast A very large multinucleated cell in the
boene marrow that is important in bone remodeling.

Ovalocyte  An oval-shaped red blood cell.

Packed cell volume (PCV} The percentage of red
blood cells relative to plasma, determined by cen-
trifugation,

Pappenheimer bodies Iron inclusions in red blood
cells that appear as pale blue granules with Wright's
stain.

Plasma The fluid noncellular portion of anticoagu-
lated whole blood.

Plasma cell An oval cell with eccentric nuclei; it
may be found in the bone marrow and produces an-
tibody.

Platelet A small, anucleated cytoplasmic fragment
from megakaryocytes that is present in the periph-
eral blood and is important in hemostasis. This cell
is also known as a thrombocyte.

Poikilocytosis  The presence of abnormally shaped
red blood cells in the circulation,

Polychromasia
in the blood.

The presence of polychromatophils

Polychromatophil  An immature red blood cell that
is typically larger than the mature red blood cell
and stains bluish to bluish-red with Wright's stain.

Promyelocyte The stage of development of granu-
locytes between the myeloblast and the myelocyte.

Prorubricyte  The stage of development of red blood
cells between the rubriblast and the rubricyte.

Punched-out cell A red blood cell with accentuated
central pallor. This cell is also known as a torocyte.

Pyknotic call A cell with a small nucleus and very
condensed chromatin.

Reactive lymphocyte A lymphocyte with a dark
blue cytoplasm and, sometimes, a perinuclear clear
zone. Also, the cell may be larger than a typical
small lymphocyte,

Red blood cell (RBC) An anucleated cell that stains
reddish to reddish-orange with Wright's stain. The
main function of the red blood cell is to carry
oxYgen,

Regenerative anemia  An anemia in which there is
an increase in production of red blood cells in the
bone marrow, with subsequent release into the pe-
ripheral blood.

Reticular Resembling a net.

Reticulocyte  An immature erythrocyle that con-
tains clumps of ribosomal RNA and mitochondria,
which stain with new methylene blue. These cells
correspond to polychromatophils seen in Wright's-
stained preparations.

Ribonucleic acid (RNA)  The nucleic acid that is im-
portant in protein synthesis.

Rough endoplasmic reticulum A cytoplasmic or-
ganelle that is important in protein synthesis.

Rouleaux Organized linear arrays and sometimes
branching chains of red blood cells.

Rubriblast The cell that is the earliest microscopi-
cally identifiable stage of development of red blood
cells found in the bone marrow.

Rubricyte A stage of development of red blood cells
between the prorubricyte and the metarubricyte.

Schistocyte  An irregularly shaped fragment of a
red blood cell.

Sideroblast A nucleated red blood cell that contains
Pappenheimer bodies.

Siderocyte An anucleated red blood cell that con-
tains Pappenheimer bodies,

Smudge cell A cell with no intact cell membrane
but only free nuclear chromatin material. This cell is
sometimes called a basket cell because of the deli-
cate, woven, basket-like strands of dispersed nu-
clear chromatin.

Spherocyte A smaller-appearing red blood cell that
lacks central pallor and is usually a result of im-
mune-mediated damage to the cell.

T EE——_
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Stomatocyte A red blood cell with central pallor
that is oval to elongated and takes on the appear-
ance of a mouth.

Target cell A red blood cell with an extra round out-
folding of membrane in the middle of the cell that
gives the cell a target-like appearance. This cell is
also known as a codocyte.

Thrombocyte A small, anucleated cytoplasmic frag-
ment from a megakaryocyte that is present in the
peripheral blood and important in hemaostasis. This
cell is also known as a platelet.

Torocyte A red blood cell with accentuated central

pallor. This cell is commonly known as a punched-
out cell.

Toxicity A group of morphological changes during
inflammation that may be present in cells of the
neutrophilic lineage. The three main features of tox-
icity are increased basophilia, foaminess, and the
presence of Dohle bodies in the cytoplasm,

White blood cell (WBC) A nucleated cell in the
blood that does not contain hemoglobin. This cell is
also known as a leukocyte. The two major types of
white blood cells are granulocytes and -'Igl'i‘ll'lLllU'
cytes,
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Acquired alpha mannosidasis, 45

Acute myeloid leukemia, 53-55, 53-55

Aggregate reticulocytes, 17, 18

Agranulocytes, variations of
atypical lymphocytes, 40, 41
immunocytes, 40, 41
lymphoblasts, 40, 41
monocytes, 40-41, 41
plasmacytoid reactive lympho-

cytes, 40, 41

Anaplazma margtialy, 26, 27

Anemia, 17, 18

Anisocytosis, 13, 14

Atypical lymphocytes, 40, 41

Azurophilic granules, 43, 43

Babesia canis, 27, 27
Babesia gibsoni, 27, 27
Band neutrophils, 6, 11, 29
Bar cells, leptocytic, 23, 24
Basket cells, 59
Basophilia, toxicity and, 37, 38-39
Basephilic stippling, 25, 25
in regenerative response, 17, 19
Basophils, 30, 31-35
during granulopoiesis, 6-7
Blister cells, 22, 22
Blood cell production. See
Hematopoiesis
B lymphaocytes, §, 8
Bone marrow cells
erythropoiesis and, 5, 5-6, 10
granulopoiesis and, 6-7, 7
lymphopoiesis and, 3, 7-8
macrophages and, § 9
mast cells and, 9, 9
megakaryocyetopoiesis and, 3, 7
monocytopoiesis and, 3, 7
osteoblasts and, 9, 9
ostenclasts and, 8, 9
platelet production and, 3, 7
Bone marrow production sites, 3
Broken cells, 59

Canine distemper, viral inclusions
and, 26, 27
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Cell type comparisons
monocytes vs. lymphocytes,
59, 60
monocyles vs, metamyelocytes, 59,
60
monocytes va. toxic band neu-
trophils, 59, 60
rubricytes vs. lymphocytes, 5%, 59
Central pallor, changes in zone of, 22,
22-23
Chédiak-Higashi syndrome, feline,
45, 45
Chronic myeloid leukemia, 55, 56
Caodocytes, 23, 24
Crenation, echinocytes and, 21, 21
Ciytanxzoon felis, 28, 28

Diipetadenema reconditum, 61
Dirofilaria immitis, 61-62
Disorders
lymphoproliferative, 49-51, 50-51
myeloproliferative, 49-57, 51-57
Disseminated intravascular coagula-
tion, schistocyte formation and,
24, 24
Distemper viral inclusions, canine,
43,43
[Bishle bodies
toxicity and, 37, 38-39
use in cell type identification, 59
Drug exposure, oxidative RBC injury
due to, 20, 20

Echinocytes, 21, 21
Ehlrlichia cants, 43, 43
Elerlichia equi, 45
Elirbichin ewingis, 43, 43
Enetichin phagocylophilia, 45
Ehrlichin platys, 47, 48
Ehulichiosis, canine, 43
Elliptocytes, 23, 23
Fosinophils, 29, 31-35
during granulopoiesis, 6-7
Eperytimazoon ovis, 28
Eperytivozonn teeryoni, 28, 28
Erythremic myelosis, 56, 56
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Erythrocytic cells, features of, 4, 5

Erythrocytic inclusions, 25-28, 25-28

Erythrocytic parasites, 25-28, 25-28

Erythropoiesis, development of, 5,
56,10

Essential thrombocythemia, 56, 56

Extramedullary sites, 3

False left shift, 37

Foaminess, toxicity and, 37, 38-39

Fragmentation. See Mechanical frag-
mentation

Cangliosidosis, 44-45
Ghaost cells, lysis and, 20, 20
Giant platelets, 47, 48
Granulation, neutrophilic toxic, 37-38
Granulocyle development, See Gran-
ulopoiesis
Granulocytes
easinophilic degranulation and, 38-
39, 40
eosinophilic granules and, 38-39, 40
neutrophilic hypersegmentation
and, 38-39, 40
Granulopaoiesis, 6, 6-7, 11
basophilic, 3, 6-7
eosinophilic, 3, 6-7
myeloblasts and, 6
myelocytes and, 6
neutrophilic, 6, 5-7, 11
promyelocytes and, 6

Haenobartoelin canis, 26-27, 27
Haenoba rtopelle felis, 28, 28
Hemangiosarcoma, acanthocytes and,
21-22, 22
Hemalopoiesis
agranulocytic
lymphopoiesis of, 3, 7
moniytopoiesis, 3, 7
erythyropoiesis and, 5, 5-6, 10
features of, 3, 3-5
megakaryocytopoiesis, 3, 7, 7
platelet production and, 3,7, 7




Heparin
agglutinaiton of RBC and, 19, 19
use in horses, 19, 19
Hepatozoon canis, 43-44, 44
Hepatozoonosis, 43
Histoplasm copsulatum, 44, 44
Howell-Jolly bodies, 17-18, 18, 26, 26
splenectomy and, 18
Hypochromic cells, 22, 22-23

Immune-mediated damage, 19-20,
19-20
agglutination and, 19, 19
ghost cell formation and, 20, 20
spheracyte formation and, 1%, 19
Immunacytes, 40, 41
Inclusions
erythrocytic, 25-28
viral, 26, 27
white blood cell, 43-45
Iron aceumulations (in RBC), 25, 25
Tron deficiency, hypochromic cells
and, 22, 22-23

Keratocytes, 22, 22
Knizocytes, 23, 24

Large granular lymphocytic
leukemia, 50-51, 51
Lead poisoning
basophilic stippling and, 17
bone marrow damage and, 17
Left shift, 37
Leptocytes
bar cells, 23, 24
target cells, 23, 24
Leukemia, classification schemes of,
49
Liver disease
acanthoeytes and, 21, 21
leptocytes and, 23, 24
Lymphoblasts, 8, 40, 41
I.}tmphncytes, 29,40, 41
morphological variation in, 40-42,
41
reactive, 40, 41
Lymphocytic leukemia, 49, 50
Lymphopoiesis, 7-8
B lymphocytes and, 8, 8
T lymphocytes and, &, 8
Lymphoproliferative diseases, 40, 41
Lymphoproliferative disorders
large granular lymphoeytic
leukemia, 50-51, 51
Iymphocytic leukemia
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acute lymphocytic leukemia, 49,
50
chronic lymphocytic leukermia,
449, 50
|yn1p]lusnrt‘nmﬂ, 44, 50
plasma cell myeloma, 51
presence of lymphoblasts and, 40,
4
Lymphosarcama, 49, 50
Lysis, intravascular, 20, 20
Lysosomal storage diseases, 4
g.mglimidnﬁis. 44, 43
mannosidosis, 44-15
mucopolysaccharidosis, 44, 44
neutrophilic inclusions in WBC in,
38
Mieman-Iick disease, 44

Macrophages, in bone marrow, 8,9
Mucmplatelutﬂ, 47, 48
Mannosidosis, 44-13
Mast cells, in bone marrow, 9, 9
Mechanical fragmentation (of RBC)
dacryocytes, 24, 24
schistocytes and, 24, 24
Medullary sites, 3
Megakaryoblasts, 7
Megakaryocytes, 7.7
features of, 4, 5
Megakaryooytopaiesis, 3, 7
Metabolic/ membrane disorders, 21-
23, 21-24
acanthocyte formation in, 21, 21
burr cell formation in, 21, 21
echinocyte formation in, 21, 21
keratocyte formation in, 22, 22
leptocyte formation in, 23, 24
avalocyte formation in, 23, 23
stomatocyte formation in, 22, 23
Metarubricyles, erythropoiesis and, 5,
5,10
Microfilaria, 61-62, 61-62
Dripetalonern reconditune, 61-62
Drirafilarin ininrifis, 61-62
Mitotic cells, 59-60, 61
Monoblasts, 7
Monoeyte development. See
Maonoeytopoiesis
Monocytes, 7, 29, 31-35, 40-41, 41
Monocy topoiesis
meomohlasts and, 7
promonecytes and, 7
Mucopolysaccharidoses, 44, 44
Myeloblasts, 6, 11
band neutrophils and, &, 6, 11
metanm y'clm:ytcs and, 6, 6, 11
marphology of, 6, 6, 11

myelocytes, neutrophilic, 6, 6, 11
primary granules and, 6
promyelocytes and, 6, 6, 11
5eg_;m|:nk:d neutrophil and, 6, 6, 11
Myelodysplastic syndrome, 51-33, 51-
52
Myelofibrosis, dacryocyte formation
and, 24, 24
Myeloproliferative disorders
acute myeloid leukemia
acute monocytic leukemia, 54, 55
acute myeloblastic leukemia, 54,
54
acute undifferentiated leukemia,
33,53
erythroleukemia, 54-55, 55
mogak.nryo]_ﬂnslic leukemia, 535
myelnmonocytic leukemia, 54
chronic myeloid leukemia, 55, 56
erythremic myelosis, 56, 56
essential thrombocythemia, 56, 56
myelodysplastic syndrome, 51-53,
51-52
neoplastic proliferation of mast
cells, 57, 57
p(j] w‘yl]wmiﬂ verd, ab

Neoplastic proliferation, mast cells
and, 57, 57
Neutrophilic granulocytes, toxicity
and, 37-38, 38-39
Neutrophils, 29, 31-35
during granulopoiesis, &, &
hypersegmentation of, 38-39, 39
Nuclear chromatin patterns, use in
cell bype identification, 59-62, 60

Ostepblasts, in bone marrow, 9,9

[steoclasts, in bone marros, 8, 9

Owvalocytes, 23, 23

Owddative injury, 20, 20-21
eccentrocyte formation and, 20, 21
Heinz bodies and, 20, 20

Papenheimer bodies, 25-26, 26
Parasites
erythrocvtic, 25-28, 27-28
peripheral blood, 61-62, 61-62
white blood cell, 43-45, 43-45
Parasites (of RBC), 26-28
Anaplaama marginale, 26, 27
Brbesia caniz, 27, 27
Batwesia gifisond, 27, 27
bovine
Anaplasnm marginale, 28, 28
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Eperythrozoon e, 28, 28
caninge
Babesia canis, 27, 27
Babesia gibsoni, 27, 27
Haemobartonella canis, 26-27, 27
Ciptauxzoon felis, 28, 28
Eperythrozooi ovis, 28
Eperythrozoon suis, 28
Eperythrozoon wenyoni, 25, 28
feline
Cittauxzoon felis, 28, 28
H.'ra‘rrrtiiw'h-‘Jru.h'u.jk'.f.f.«;, 28,28
Hacwobartonefla cans, 26-27, 27
Parasites {of WHC), 4345, 43-45
bovine
Ehirlichia phagacytophitia, 45
canine
Elielichia canis, 43
Elrlichin ewingii, 43, 43
Hepatozoon canis, 43-44, 44
Histoplasmi capsilatum, 44, 44
Elrliclin canis, 43
Elirliciin equi, 45
Ehrlichin ewingii, 43, 43
Elrlichin phagocitophitia, 45
equine, Elrlichir equd, 45
Hepatozoon canis, 4344, 44
Histoplasma capsylation, 44, 44
Pelger-Huét anomaly, 37, 37
Plasma cells, 8, 8
agranulocytic, 40)
myeloma and, 51

Plasmacytoid reactive lym phocytes,

40, 411
Platelets, 7, 47-48, 47-48
erythrocytic inclusions and,
28, 26
Poikilocytosis, See Red blood cells,
morphological variations in
Palychromatophils, 5, 6, 17, 18
RBC development and, 10
Polycythemia vera, 56
Preleukemia. Sev Myelodysplastic
syndrome
Progenitor cells
agranulocytic
lymphocytic, 3, 3
monocytic, 3, 3
erythrocytic, 3, 3
granulocytic, 3, 3
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megakaryocytic, 3, 3
Promegakaryocytes, 7
Promonocytes, 7
Proplatelets, 7
Prorubricytes, erythropoiesis and, 5,

510
Punched-out cells, 22,
Piinctale reticuloeytes, 17, 18
Pyknotic cells, 59, g

Red blood cell defects, metabolic
membrane
ovalocytes and, 23, 23
stomatocytes and, 22, 23
Red blood cell inclusions, 25-28,
25-28
Red blood cell parasites, 25.28, 27.28
Red blood cells
anisocytosis in, 13, 14
development of, 3, 5, 5, 10
morphalogical variations in
immune-mediated damage,
19-20, 19-20
mechanical fragmentation, 24, 24
membrane/ metabolic disorder,
21-23, 21-24
oxidative injury, 20, 20-21
regeneralive responses, 17-18,
18-19
morphology of, 13, 13-15
parasites of, 26-28, 27-28
rouleauy in, 13, 19
species differences in, 13, 13-15
Refractile artifacts (of RBC), erythro-
cylic parasites and, 26, 26
Regenerative response, 17-18
anemias and, 17, 18
anisocytosis and, 17
basophilic stippling in, 17, 19
nucleated RBC and, 17-18, 18
Renal disease, burr cells and, 21, 21
Reticulocytes
aggregate, 17, 18
punctate, 17, 18
RINA aggregates, retained, See
Basophilic stippling
Rouleaux, 13, 19
Rubriblasts, erythropoiesis and, 5, 5
10

Rubricytes, erythro poiesis and, §, 5,
10
Russell bodies, in plasma cells, 40

Schistocytes (Schizocytes), 24, 24

Sepmented neutrophils, 29, 31-35

Sideroblasts, 25

Siderocytes, 25

Smudge cells, 59, 60

Splenectomy, Howell-Jolly bodies
and, 18

Stain precipitate, confusion with in-
clusions and parasites, 25, 25

Stem cell, 3, 3

Slnmntm‘y tes, 22, 23

Target cells, leptocytic, 23, 24

Thrombocytes, 47-48, 47-48

T lymphocytes, 8, 8

Tarocytes, 22, 23

Toxicity, features of, 37-38, 38-39

Trypirasonia crizi, 62

Trupanosoma nielophagins, 62

Trpancsoma theileri, 62, 62

Trypanosomes, 61-62
Trupanosonn cruzi, 62
Trypanosona melophagiim, 62
Trypanosoma theilerd, 62, 62

White blood cell inclusions, 43-45,
43-45
White blood cell parasites, 43-45,
43-44
White blood cells
band neutrophil, 6, 11, 29
basophil, 30, 31-35
development of, 6, 6-7, 11
eosinophil, 29, 31-35
lymphocyte, 29, 31-35
monoceyte, 29, 31-35
morpholagy of, 29-35, 31-35
morphology of variations in, 37-42
segmented neutrophil, 29, 31-35
variations in
agranulocytic, 4042, 41-42
granulocytie, 37-39, 37-39
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