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Abstract: This study reports on the morphology of red blood cells and agranulocytes in various types of birds,

such as rheas, emus, ostriches, chickens, and geese. Though all of them have the typical avian similarity in blood

cells, yet there are some differences. Along with normal and mature erythrocytes, lymphocytes, and monocytes,

the present study also focuses on rubricytes, reticulocytes, poikilocytes, polychromatophilic erythrocytes,

reactive lymphocytes, pleomorphic monocyte nuclei, etc.
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Introduction

Birds inhabit a vast area from sea to mountains and
deserts to rainforests. Their physiology differs
based on habit, habitat, age, sex, feed, and breeding
season. Blood cell morphology plays an important
role in diagnosing physiological and pathological
aspects of birds” health. The study of the blood of
birds revealed various types of cells just like other
vertebrates. These cells are red blood cells or eryth-
rocytes, white blood cells or leukocytes, and throm-
bocytes which are equivalent to mammalian plate-
lets. There are two types of leukocytes, viz., agran-
ulocytes and granulocytes. Agranulocytes are of
two types, namely, lymphocytes and monocytes.
Granulocytes are of three types, heterophils same as
neutrophils in mammals, eosinophils, and baso-
phils. In the following paragraphs, facts about avian
erythrocytes and agranulocytes are discussed.

Erythrocytes

An erythrocyte carries oxygen and carbon dioxide
and the exchange of gases depends on the cell’s sur-
face area to size ratio. Avian erythrocytes are large,
ovoid, or elliptical with homogenous eosinophilic
cytoplasm and a similarly shaped nucleus at the
center containing condensed chromatin (Narkkong
et al., 2011 and Lazar et al., 2012). Such red blood
cells (RBCs) are more efficient than spherical ones
of the same volume. Aves are the most active verte-
brates and have a high metabolic rate. Due to this,
the demand for gaseous exchange is higher than
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other animals. Among Aves, aquatic birds have a
higher metabolic rate than terrestrial birds. As a re-
sult, their erythrocytes are larger so that sufficient
gaseous exchange can take place as reported by
Hartman and Lessler, 1963. Nucleated RBCs of
birds maintain better homeostasis thus helping in
better utilization of water. Due to this reason,
aquatic birds” erythrocytes bear larger nuclei com-
pared to others which help them to survive during
osmotic stress.

A comparative study on erythrocytes of Vanaraja
chicken (terrestrial bird) and White Embden goose
(aquatic bird) performed by Tripathy and Acharya,
2019, reported that both red blood cells and their
nuclei in geese are larger compared to chickens. The
measurement of a bird’s RBC ranges from 11-16pm
in length and 6-10pm in breadth. Among birds,
Rheiformes bear the largest blood cells. Their RBCs
stain orange-pink with deep purple-colored nu-
cleus (Gallo et al., 2015). Samour et al., 2010 noticed
that the dimensions of peafowl RBCs are
13.74£0.77pm and 6.56+0.65pm, with nuclear di-
mensions of 5.28+0.45pm and 2.20£0.40pm. The cy-
toplasm was slightly eosinophilic, with a strongly
basophilic nucleus. The size of fully mature eryth-
rocytes of chicken and turkey found in peripheral
blood is 12x6pm. The nuclear periphery having
densely populated clumps of condensed chromatin
surrounds the central loosely arranged chromatin
(Khan et al., 2016). Dimensions of erythrocytes de-
crease with an increase in age as nuclear chromatin
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condenses as mentioned by Kramer, 2015 and Khan
et al., 2016. Macrocytes, microcytes, and anisocytes
reflect changes in the size of erythrocytes. These can
be observed in mono-layer blood film and the de-
gree of anisocytosis can be determined by the pres-
ence of different sizes of erythrocytes (Campbell,
2012).

Since, erythropoiesis is intravascular or intrasinus-
oidal, occasional rubricytes or basophilic erythro-
blasts are found in blood smears of healthy birds
(Haile and Chanie, 2014). These are round imma-
ture erythrocytes with circular nuclei. They have a
very thin ring-like basophilic cytoplasm around the
nucleus. Like this, other immature RBCs are me-
tarubricytes or polychromatic erythroblasts. These
cells are less circular with basophilic and more
abundant cytoplasm than rubricytes in the case of
Rhea. The nuclei of such cells are round with par-
tially condensed nuclear chromatin. Young poly-

chromatic erythrocytes were also observed in Rheas.

They are slightly oval with a larger non-basophilic
cytoplasm and elongated nucleus having very con-
densed chromatin and a 1/1 Nucleus to Cytoplas-
mic (N:C) ratio. The presence of immature erythro-
cytes in the blood smears of birds does not always
indicate any disease. Occasionally binucleated
erythrocytes or mitotic cells are seen in the blood
smear of birds, but if present in large numbers may
indicate any neoplastic process, viral infection, or
genetic disorder. (Gallo 2015).

Immature erythrocytes are also known as reticulo-
cytes which have a distinct ring of aggregated retic-
ular material (reticulofilamentous substances) cir-
cling the nucleus (Khan et al 2016). Chickens and
turkeys have a greater number of reticulocytes in
peripheral blood compared to mammals. These au-
thors also observed more polychromasia in young
birds. Artifacts on slides occur during blood smear
preparation and cause hindrances in the correct
identification and counting of blood cells. Some of
the common artefactual problems include cytoplas-
mic vacuoles, smudge cells, and stretching cells like
a spindle, bi-lobed nuclei, bare nuclei, and erythro-
plastids (Haile and Chanie, 2014 and Wakenell,
2010).

Round immature erythrocytes are also noticed in
emus but with an irregular nuclear periphery. The
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mature RBCs which differ from typical oval shapes
are called poikilocytes, such as schistocytes and
dacryocytes. Schistocytes are erythrocyte fragments
with two pointed ends found in peripheral blood.
These fragments form when RBCs have to cross
through defective blood vessels forcibly. Dacryo-
cytes commonly known as teardrop RBCs have the
shape of a drop of tear (Dash, 2020). Sometimes,
tear-drop erythroplastids or enucleated cells are
also found.

According to Tadjalli et al., 2013, in adult male os-
triches, the centrally located reticulocyte nucleus
contained reticular chromatin without nucleolus.
The cytoplasm of erythrocytes was light blue to
gray. These were oval-shaped but smaller and with
wider nuclei compared to mature erythrocytes.
Like rubricytes, small number of polychromato-
philic erythrocytes are sometimes present in avian
blood smears. These cells are the last stage of ma-
ture erythrocyte development. The cytoplasm of
such cells has more ribosomal RNA and appears
bluish than mature RBCs. Their chromatin material
is denser compared to mature erythrocytes. More
than 1-5% polychromatophilic red blood cells, indi-
cates increased erythropoiesis to overcome anemia
(Clark et al., 2009).

Hypochromatic RBCs are also occasionally ob-
served. These cells are paler compared to mature
erythrocytes and have an area of cytoplasmic pallor
covering more than half of the cytoplasm. These
cells have vacuoles and their nuclei are pyknotic
(Campbell, 2012).
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Figure 1: Normal ovoid bird erythrocytes. An erythroplastid (indicated by arrow) at the center.

Lymphocytes

Typical avian lymphocytes are the smallest and
most numerous leukocytes and one of the agranu-
locytes. These circular cells have centrally or eccen-

trically placed nuclei almost covering the whole cell.

The nucleus is also round, non-lobular, purple in
color when stained, and has condensed chromatin.
The cytoplasm is homogenous, basophilic, forms a

narrow halo around the nucleus, and lacks vacuoles.

The amount of cytoplasm is less in small lympho-
cytes and increases as the cell becomes a large lym-
phocyte. They have a high N:C ratio and measure 6-
12pm in diameter (Gallo et al., 2015 and Kramer,
2015). The amount of cytoplasm is lower when com-
pared to monocytes (Narkkong et al., 2011 and
Lazar et al., 2012). Haile and Chanie 2014, also ob-
served cytoplasmic projections or protrusions in
small lymphocytes which can easily be confused
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with thrombocytes. But thrombocytes can be iden-
tified by their clear cytoplasm and presence near
other cells. Sometimes, reactive lymphocytes are
present in the peripheral blood film. Such cells in-
crease in size and the cytoplasm becomes deeply ba-
sophilic. These reactive lymphocytes can be con-
fused with rubricytes. However, the latter has a low
N:C ratio and is present along with polychromato-
philic erythrocytes during the regenerative re-
sponse to anemia. The presence of reddish (eosino-
philic or azurophilic) granules in lymphocytes was
also reported. Such rare granules can be different
from dust-like granules present in monocytes some-
times (Bounous and Stedman, 2000).
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Figure 2: Rubricyte (indicated by black arrow), polychromatic RBC (indicated by blue arrow) and mitotic RBC (indi-
cated by white arrow).

Depending on the size of the lymphocytes, they are
small, medium, and large lymphocytes. Khan et al.,
2016, observed that small lymphocytes have round
but irregular membranes and the nucleus is large
and round but placed eccentrically in adult Uttara
fowl. The nucleus occupies almost the whole cell
and the cytoplasm was present as a thin lining
(weak perinuclear zone) around it. Just like small
lymphocytes, medium, and large lymphocytes also
have large circular nuclei. The amount of cytoplasm
gradually increases with the advancement of lym-
phocyte size. It is more in medium lymphocytes and
forms a wide band around the nucleus. The highest
amount of cytoplasm is present in large lympho-
cytes and forms a ring around the nucleus. Lym-
phocytes are basophilic and among the three types
of lymphocytes, the large one is the most bluish. As
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per Thrall et al., 2004, the nucleus in avian lympho-
cytes is slightly indented but Deldar, 1998 opined
the presence of a round nucleus in small lympho-
cytes and an indented nucleus in large lymphocytes
of birds.
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Figure 3: Dacryocyte (indicated by black arrow). This blood smear has lots of artifacts.

The lymphocyte of birds is larger in size compared
to other animals. Among birds, aquatic species have
the largest lymphocytes, which according to Tripa-
thy and Acharya 2019 may be due to nutritional sta-
tus, ambient temperature, and the prolonged effect
of the stress factor. But as per Kolesnik et al., 2020,
neonatal chicken lymphocytes are smaller in size
compared to that of mammals. The three types of
lymphocytes are not only based on their size but
also on their N:C ratio, the structure of nuclear chro-
matin, the position of the nucleus in the cell, and the
color of cytoplasm and nucleus when stained. The
nuclear chromatin of small and medium lympho-
cytes is highly basophilic therefore, their chromatin
is called basichromatin and the chromatin surface is
heterogenous. But, the nuclear surface of mamma-
lian lymphocytes of the same stage is homogenous.
Large lymphocytes have distinguished perikaryon,
eccentrically placed nuclei, and comparatively
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lighter basophilic chromatin. Neonatal chicks have
a little amount of cytoplasm in large lymphocytes
with centrally positioned large, pycnotic nuclei hav-
ing compact and highly basophilic chromatin. All
lymphocytes, irrespective of size are basophilic but
the shades of blue may differ.

Both Khan et al., 2016 and Kolesnik et al., 2020 had
worked on chicken but their observations are oppo-
site which may be due to differences in breed and
age of the concerned subjects.

The size of lymphocytes in Indian peafowl was 6.52-
0.87pm with typical cellular and nuclear details.
N:C ratio in this study was estimated to be 3:4. Very
little amount of small-sized strongly basophilic
granules were present in the cytoplasm. These gran-
ules were found in 25% of all lymphocytes observed
(Samour et al., 2010).
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Figure 4: Lymphocytes (indicated by black arrows).

Monocytes

Monocyte, a type of agranulocyte, is the largest leu-
kocyte in the peripheral blood of birds. It has a blu-
ish cytoplasm with a horse-shoe-shaped nucleus.
The amount of cytoplasm in monocyte is also more
abundant compared to other blood cells. As per
Tripathy and Acharya 2019, the cytoplasm of mon-
ocyte is more bluish than that of lymphocytes.
These cells are part of innate immunity and produce
cytokines as an inflammatory response, they can
also phagocytose and be defensive against patho-
gens.

According to Lucas and Jamroz, 1961, the average
size of a monocyte is 12um. Their cytoplasm has
small and discrete vacuoles and pleomorphic nuclei
with less condensed chromatin than lymphocytes.
The shape of a monocyte ranges from circular to
oval to irregular shape. The shape of the nucleus
differs from oval to various shapes and the
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cytoplasm is clear and cross-linked (Green and
Blue-McLendon, 2000). The nucleus may be posi-
tioned centrally or eccentrically. Most of the chro-
matin is loosely arranged with small areas of con-
densed chromatin (Kramer, 2015).

Khan et al., 2016 reported that the nucleus of mon-
ocytes of Uttara fowl is large, eccentrically placed,
kidney or dumbbell-shaped. The cytoplasm had a
foamy appearance due to the presence of vacuoles
and the cytoplasm is light bluish in color.
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Figure 5: Monocyte with pleomorphic nucleus (indicated by black arrow).

Monocytes are also known as mononuclear and
macrophages. They have a peculiar N:C ratio, due
to the presence of a large volume of cytoplasm and
polymorphic nuclei (nuclei can take any shape).
Normally as cells mature, their nuclei reduce in size
and thus there is a decrease in N:C ratio. But in
monocytes, this ratio remains 3:1 or 4:1 even after
maturation. Monocyte contains heterochromatin
which forms a reticular network-like pattern. Dur-
ing phagocytosis, with the formation of pseudopo-
dia, they are called macrophages and the shape of
these cells becomes irregular (Kolesnik et al 2020).
Lazédr et al., 2012 observed fine azurophilic granules
in the monocyte cytoplasm of B.U.T 6 turkey. But
Narkkong et al., 2011, observed fine dark blue gran-
ules in monocytes of the eastern sarus crane.

The monocytes of chicken and turkey measure
14pm in diameter (Haile and Chanie 2014) and have
similarities with mammalian counterparts. Due to
the pleomorphic nature of the monocyte nucleus, it
becomes difficult to differentiate and identify it
many times. The number of monocytes should be
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very less in healthy individuals. The same authors
have observed a range of shapes of monocytes in
their study, from bean-shape to a very irregular
shape with a reticular chromatin pattern.

The monocytes in Indian peafowl were 10.84-
0.89pm with slightly round to irregular shapes. Cy-
toplasm is colorless and has a lace-like network
with large irregular kidney to round-shaped nu-
cleus. The size of vacuoles varied from 1.5pm to
3pm and was visible in 50% of cells examined. The
N:Cratio was 1:1 (Samour et al., 2010). Tadjalli et al.,
2013 did similar observations in adult male ostrich.

Significance of Morphological Studies on Avian
Blood Cells

Blood cell morphology can be helpful in detecting
the causes of underlying diseases. It can be an im-
portant contribution to avian veterinary care. Such
studies can provide differential diagnoses of patho-
logical conditions such as the presence of blood par-
asites (haemo-parasites) and monitoring immune
responses to them. By investigating the
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morphology of blood cells, the avian health status  detailed study of blood cells can disclose known
can be clinically analyzed and thus reliable infor- and unknown aspects of avian blood. Although all
mation on metabolic disorders, nutrient deficiencies, blood cells have their unique function, erythrocytes
chronic stress status, and pathological aspects can  and agranulocytes play important role in the quick

be provided. identification of physiological and pathological
problems. More studies on these cells with more ad-
Conclusion vanced technology are required in the case of avian

Hematology, the study of blood focuses on various  subjects as they are vast in numbers and categories.
blood parameters which can suggest the health sta-
tus of birds. Among various parameters, the
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