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  ABSTRACT   In the last decade ostrich farms spread 
throughout the world as an alternative source of invest-
ment. Although previous studies have reported hema-
tology and biochemical values for ostriches from several 
regions of the world, little information is available re-
garding leukocyte morphology. This study reports the 
morphology and ultrastructure of ostrich leukocytes and 
hematology and biochemical values from birds raised 
in Brazil. Heterophils presented a lobulated nucleus, 
and fusiform, and acidophilic and peroxidase-negative 
granules. Ultrastructurally, 2 kinds of cytoplasmic 
granules were observed: one was large and fusiform and 
the other smaller with heterogeneous morphology and 
electrondensity; granules were peroxidase-negative. Eo-

sinophils had a kidney-shaped eccentrically placed nu-
cleus that was rarely lobulated and eosinophilic, round, 
and peroxidase-positive granules. At the ultrastructure 
level, 2 main kinds of granules with the same size and 
form but different electron density were seen; granules 
were peroxidase-positive. Lymphocytes and thrombo-
cytes had the same characteristics of other avian spe-
cies; monocytes presented morphological heterogeneity. 
Hematological and serum biochemical profiles had no 
sex influence and were established for ostriches raised 
in southeastern Brazil. These parameters will help the 
diagnosis of specific ostrich pathologies and serve as 
basic knowledge for studies in immunology and com-
parative avian pathology. 
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  INTRODUCTION 
  Ostriches from an African semiarid climate were in-

troduced in Brazil in the early 90s. Since the turn of 
the 21st century, due to the economical effect of ostrich 
farming, the national flock has been increasing. It is 
estimated that 450,000 animals are breeding in Brazil 
(ACAB, 2008). 

  Knowledge about ostrich physiology is scarce, includ-
ing that necessary to the development of new diagnostic 
techniques. Hematology is an essential tool to under-
stand the physiology of animals; the hemogram reveals 
the general health of the animal and is crucial for fol-
low-up and diagnoses of diseases (Jain, 1993). Some 
published articles describe the hematology parameters 
of ostriches from Botswana (Mushi et al., 1999), Israel 
(Spinu et al., 1999), and Turkey (Yüksek et al., 2002). 
Even so, there is no study on the ultrastructure of os-
trich leukocytes. Until today, the classification of these 

cells follows the parameters described for chickens (Levi 
et al., 1989; Palomeque et al., 1991; Mushi et al., 1999; 
Spinu et al., 1999; Yüksek et al., 2002). Ostriches, like 
all other avian species, have peculiarities in their blood 
cells. Among bird leukocytes, special attention must be 
given to heterophils, which possess elliptical granules 
and different enzymatic content from what is found in 
the functional homologous cells of mammals, the neu-
trophils (Rausch and Moore, 1975). Morphologic char-
acteristics and the enzymatic profile of granules are of 
great value in the studies of these cells, especially in 
nonmammalian vertebrates. Peroxidase, for example, is 
absent in granules of heterophils but present in eosino-
phil granules of diverse avian species (Jain, 1967, 1969; 
Maxwell and Siller, 1972; Maxwell, 1984, 1987). 

  Serum biochemical profile is a physiological evalu-
ation that complements the hemogram. It allows the 
assessment of tissue functions, glucose metabolism, and 
plasma ion concentration that permits the understand-
ing of the effect of management and disease on animal 
physiology. For example, ostriches fed with high levels 
of CP have high uric acid concentration in their plas-
ma (Polat et al., 2003). Gastric impaction, a common 
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disease in ostriches that receives inadequate manage-
ment, can cause an increase in plasma values of hepatic 
enzymes, total proteins, and uric acid (Yüksek et al., 
2002; Komnenou et al., 2003).

Therefore, the objective of this study was to morpho-
logically characterize ostrich leukocytes and to deter-
mine the hematological and biochemical profile of these 
birds raised in southeastern Brazil, subsidizing crucial 
parameters for the advance of diagnostic medicine for 
this avian species. This study also contributes to ba-
sic knowledge for studies in comparative pathology and 
immunobiology of avian species.

MATERIALS AND METHODS

Birds and Blood Collection
Ostriches used in this study were raised on a farm 

located in the city of Cabo Frio (22°46′31′′ S; 42°01′33′′ 
N), Rio de Janeiro State. The farm had adequate man-
agement with annual antihelmintic treatment. The 
birds were examined and only clinically healthy birds 
were bled. One hundred ostriches, 50 of each sex, 30 mo 
old, were used for the hematological profile determina-
tion. For the serum biochemistry profile, 25 birds of 
each sex were used. The diet of the birds was composed 
of specific industrial food (600 g a day), grass, and wa-
ter ad libitum.

After physical restraint, using hook and hood, blood 
was collected from the ulnar vein with commercial vac-
uum tubes with or without lithium heparin. Smears 
were immediately made with blood without anticoagu-
lant and allowed to air dry. Vacuum tubes containing 
separating gel were used to collect serum. After 20 min 
of blood coagulation, tubes were centrifuged (2,600 × g, 
5 min) and serum was collected with Pasteur pipettes. 
Blood and serum were held at 10°C and transported to 
the laboratory.

Leukocyte Morphological Characterization

Routine Optical Microscopy. Blood smears were 
fixed and stained by the Diff-Quick method (Labor-
clin, Paraná, Brazil). Cells were observed and digitized 
images were registered using an Axioscope microscope 
(Carl Zeiss, Oberkochen, Germany) equipped with a 
digital camera.

Peroxidase. For peroxidase detection, blood smears 
were fixed in ethanol:formol (9:1) solution for 5 min and 
washed, following the method used by Jacobs (1958). 
Slides were incubated with 0.05% ortho-toluidine (cap-
ture agent) and 0.6% hydrogen peroxide (substrate) in 
distilled water for 15 min. For better cell visualization, 
smears were counter-stained with the Diff-Quick meth-
od using half the time recommended by the supplier.

Transmission Electron Microscopy. Before ultra-
structure characterization, a leukocyte buffy coat was 

separated from erythrocytes, following the method used 
by Silva et al. (2004). Leukocytes were washed in PBS 
and prepared according to the following treatments.

Routine. Cells were fixed in 2% glutaraldehyde, 4% 
recently prepared formaldehyde in 0.1 M cacodylate 
buffer, pH 7.2, for 1 h at room temperature, washed 
twice, and postfixed in 1% osmium tetroxide and 0.8% 
potassium ferricyanide in cacodylate buffer for 30 min. 
Cells were washed, dehydrated in acetone, and embed-
ded in epoxy resin. Thin sections were stained with 
uranyl acetate and lead citrate and observed in a Zeiss 
EM 900 transmission electron microscope (Carl Zeiss), 
operated at 80 kV.

Peroxidase. For the localization of this enzyme, cells 
were fixed with 0.5% glutaraldehyde (grade I) in 0.1 
M cacodylate buffer, pH 7.2, for 30 min at room tem-
perature, following the method used by Roels et al. 
(1975). Cells were washed in the same buffer, pH 7.0, 
containing 5% sucrose and incubated in 0.5 mg/mL of 
3,3′-diaminobenzidine and 0.02% hydrogen peroxide for 
30 min at room temperature. Cells were washed, dehy-
drated in acetone, and embedded in epoxy resin. Thin 
sections were observed without uranyl acetate and lead 
citrate staining. For control, hydrogen peroxide was 
omitted.

Hemograms
Packed cell volume was determined by the microhe-

matocrit technique. Hemoglobin concentration was de-
termined by a colorimetric method with the addition 
of a sample centrifugation (1,600 × g, 5 min) before 
reading (Campbell, 2004a). Erythrocytes (red blood 
cells) and thrombocytes were counted simultaneously 
in a Neubauer chamber using the modified Dacie’s fluid 
with the addition of brilliant blue cresyl (Campbell, 
2004b). Mean corpuscular volume and mean concentra-
tion of corpuscular hemoglobin were calculated accord-
ing to Jain (1993).

The leukocyte concentration [white blood cells 
(WBC)] was obtained through the counting of these 
cells in a Neubauer chamber using heparinized blood. 
Because heparin causes leukocyte destruction in os-
trich blood (Green and Blue-McLendon, 2000), the 
WBC concentration was also indirectly determined by 
a method described previously (Tavares-Dias and Mo-
raes, 2006). Briefly, leucocytes and erythrocytes were 
counted separately along the smear up to a total of 
2,000 cells; a ratio was determined and the WBC con-
centration was indirectly calculated using the red blood 
cell count performed as described above. The differ-
ential count of leukocytes was made in blood smears 
stained with Diff-Quick.

Serum Biochemistry
In the laboratory facility, serum was aliquoted and 

stored at −70°C until enzymatic determinations. The 
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Figure 1. Ostrich leukocytes stained with Giemsa observed in bright field microscopy. A: Lymphocyte; note high nucleus:cytoplasm ratio. 
Cytoplasm appears as a thin line around the nucleus that presents high amounts of heterochromatin. B: Monocyte; note low nucleus:cytoplasm 
ratio; cytoplasmic vesicle and low concentration of heterochromatin can be seen. C: Thrombocyte clump; note extremely condensed nucleus and 
hyaline cytoplasm. D: Basophil; note big round granules located over the nucleus. E: Heterophil presenting lobulated nucleus and rod fusiform-
shaped granules. F: Eosinophil with kidney-shaped nucleus and cytoplasm full of round granules can be observed. G: No reaction for the localiza-
tion of peroxidase was observed in heterophils. H: Localization of peroxidase in eosinophils; note the activity of the enzyme in the granules. Bar 
= 10 μm.
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following parameters were analyzed using the dry 
method in a Vitros 950 system (Johnson & Johnson, 
Rochester, NY): aspartate aminotransferase (AST), 
creatine kinase, uric acid, glucose, cholesterol, total 
protein, albumin, globulin, potassium, and sodium. 
The albumin:globulin ratio was calculated afterward.

Data Analyses
All statistical tests were performed using a statistical 

software package (Statistica, StatSoft, Tulsa, OK). The 
95% confidence intervals (Snedecor and Cochran, 1989) 
were presented for biochemistry and hematological pa-
rameters. Glucose data were also analyzed by ANOVA 
(P < 0.05) using GLM.

RESULTS

Morphological Characterization  
of Leukocytes

Ostrich peripheral blood cells were classified morpho-
logically by light microscopy into 7 types. Erythrocytes 
were elliptically shaped with a central oval nucleus 
with condensed chromatin (Figure 1A). Lymphocytes 
(Figure 1A) and monocytes (Figure 1B) presented 
similar color patterns. Monocytes were larger, had 
rarer granules, less condensed chromatin, and a lower 
nucleus:cytoplasm ratio. Thrombocytes had heteroge-
neous shape and were often found in clumps (Figure 
1C). Their nuclei were highly basophilic, and scarce 
hyaline cytoplasm without granules and vacuoles was 
occasionally observed. Basophils were rarely seen; they 
had a highly lobulated basophilic nucleus and their cy-
toplasm was basophilic, full of large, round basophilic 
granules (Figure 1D). Heterophils were slightly smaller 
than monocytes with an eccentrically placed mostly bi-
lobulated basophilic nucleus; however, segmented and 
trilobulated nuclei were also seen. A faint acidophilic 

cytoplasm with fusiform-shaped and highly acidophilic 
granules was observed (Figure 1E, G, and H). Eosino-
phils had the size of heterophils with an eccentrically 
placed basophilic, kidney-shaped, rarely lobulated nu-
cleus (Figure 1F and H). Their cytoplasm was semi-
translucent with a light blue color, containing many 
eosinophilic, round granules homogeneously distribut-
ed. Peroxidase staining did not label granules of het-
erophils (Figure 1G). However, granules of eosinophils 
were highly positive (Figure 1H).

Ultrastructure observations of lymphocytes revealed 
heterochromatin distributed in the periphery of the 
nucleus similar to monocytes (Figure 2A and B). Cy-
toplasm of lymphocytes was small and homogeneous 
(Figure 2A). Monocytes had an eccentric nucleus, with 
nucleolus (not shown) and a typical invagination of the 
nuclear membrane (Figure 2B). As expected, monocytes 
had a lower nuclear cytoplasm ratio when compared 
with lymphocytes. Larger monocytes with higher vacu-
olar content and plasma membrane protrusions were 
also observed (not shown), indicating blood monocyte 
heterogeneity. Thrombocytes, frequently observed in 
clumps, had nuclei full of heterochromatin, cytoplasm 
with typical vacuoles, and a canalicular system (Figure 
3C).

Transmission electron microscopy showed that het-
erophils had a lobulated nucleus with heterochromatin 
distributed in the periphery (Figure 3A). Two types of 
granules were observed. Type I was fusiform with differ-
ent sizes, and type II was smaller, presenting heteroge-
neity in shape and in electron density; no central bodies 
were seen (Figure 3A). Eosinophils (Figure 3B) had 
an eccentric nucleus with peripheral heterochromatin. 
Three cytoplasmatic granule patterns were observed. 
Granules type I and II were more common and round, 
the latter being more electron-dense. Type III, not ob-
served in all cells, was round like the others but with 
eccentrically electron-dense content. Basophils were not 
observed at the ultrastructure level. No peroxidase ac-

Figure 2. Agranulocytic ostrich leukocytes observed by transmission electron microscopy after routine preparation. A: Lymphocyte present-
ing nucleus full of heterochromatin and homogeneous cytoplasm. B: Monocyte with evident mitochondria (arrow). Note unlobulated nucleus and 
presence of an invagination toward the nucleus (arrow head). C: Thrombocyte showing nucleus filled with heterochromatin, cytoplasmic vacuoles 
(arrow head), and canalicular system (arrow). Inset: canalicular system and vacuole with an interiorized particle. Bar = 1.1 μm.
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tivity was located at heterophil granules (Figure 3C). 
However, eosinophils had a strong positive reaction for 
this enzyme in their granules (Figure 3D). Endoplas-
matic reticulum of monocytes and heterophils had a 
positive reaction for peroxidase (not shown). Control 
preparation was negative.

Hematological Profiles and Serum 
Biochemistry

No statistical differences of hematological values 
were detected between sexes (Table 1). Determination 
of WBC content performed with heparinized blood pre-
sented a 500% reduction when compared with other 
values reported for ostriches. Thus, to evaluate WBC, 
an indirect method was used (Table 1). Heterophils, 
followed by lymphocytes, were the most prevalent leu-
kocyte type in ostrich blood. Eosinophils and basophils 

were rarely seen. Biochemical parameters were also 
statistically similar between sexes (Table 2). The only 
exception was glucose serum concentration that pre-
sented a tendency toward higher values for males when 
analyzed by the variance test ANOVA (not shown).

DISCUSSION

Ostrich farming has spread all over the world due to 
its economical effect. However, little is known about 
management and the physiology of this bird. In this 
study, we have characterized the morphology of ostrich 
leukocytes by light and electron microscopy including 
the localization of peroxidase in the 2 main types of 
granulocytes. With this characterization, the hematol-
ogy of a representative group of ostriches raised in Bra-
zil was performed. In addition, serum biochemistry of 

Figure 3. Granulocytic ostrich leukocytes observed by transmission electron microscopy after routine preparation (A, B) and for peroxidase 
localization (C, D). A: Heterophil; note lobulated nucleus (arrow head) and 2 types of granules: I) larger, less osmiophilic fusiform rod-shaped 
granule (arrow) and II) smaller, more osmiophilic, and heterogeneous in shape (large arrow). Inset: the 2 types of granules. B: Eosinophil; observe 
the kidney-shaped and peripheral nucleus. In the cytoplasm, 3 types of round granules: I) less osmiophilic (arrow), II) more osmiophilic (arrow 
head), and III) rare with osmiophilic deposit inside (large arrow). Inset: the 3 types of granules. C: Heterophil lacking peroxidase activity on its 
granules. D: Eosinophil with peroxidase-positive granules. Bar = 1.1 μm.
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routine parameters was analyzed. These values will be 
a reference for further diagnosis in these birds.

Morphological Characterization  
of Leukocytes

Light microscopy observations of ostrich blood cells 
showed typical leukocytes of other avian species (Lu-
cas and Jamroz, 1961; Campbell, 1995; Canfield, 1998). 
Ultrastructure characteristics of ostrich leukocytes were 
similar to that of chickens (Dhingra et al., 1969; Max-
well and Trejo, 1970). However, some peculiarities were 

observed, especially concerning heterophils and eosino-
phils.

Ultrastructure revealed that ostrich heterophils pre-
sented 2 types of granules that were peroxidase-neg-
ative as described for the majority of avian species 
(Maxwell and Robertson, 1998). Most of the heterophil 
granules described for birds vary in size and electron 
density. Three types of granules have been described 
in chickens (Dhingra et al., 1969; Daimon and Caxton-
Martins, 1977). It was reported that turkey (Topp and 
Carlson, 1972) and a roadside hawk, Buteo magnirostris 
(Santos et al., 2003) have heterophils with only 1 type 

Table 1. Hematological reference values for male (M, n = 50) and female (F, n = 50) ostriches with SD, lower and upper bound 

Parameter (unit) Sex Mean SD Median Range Lower bound Upper bound

Packed cell volume (%) M 43.25 3.71 43.00 32.00 to 50.00 42.20 44.30
F 43.02 3.77 43.00 34.00 to 49.00 41.95 44.09

Red blood cells (106 cells/mm3) M 1.78 0.36 1.75 1.18 to 3.01 1.68 1.88
F 1.75 0.32 1.75 1.18 to 2.72 1.66 1.84

Hemoglobin (g/dL) M 11.49 1.13 11.60 6.80 to 14.10 11.17 11.81
F 11.03 1.30 11.10 6.30 to 13.80 10.66 11.40

Mean corpuscular volume (fL) M 251.53 49.91 246.29 152.82 to 360.15 237.34 265.71
F 253.66 47.15 254.10 150.74 to 382.11 240.26 267.06

Mean concentration of corpuscular hemoglobin (%) M 26.63 2.49 26.16 21.25 to 33.51 25.92 27.34
F 25.83 3.67 26.50 13.70 to 37.50 24.78 26.87

Thrombocytes (103 cells/mm3) M 49.71 13.97 50.25 20.00 to 75.00 45.74 53.68
F 52.60 13.86 54.25 15.00 to 93.50 48.66 56.54

White blood cells (103 cells/mm3) M 15.30 4.18 14.65 7.05 to 25.25 14.11 16.49
F 14.84 3.39 14.61 7.76 to 23.80 13.88 15.80

Heterophils (%) M 73.46 5.31 74.50 60.00 to 86.00 71.95 74.97
F 73.60 4.49 73.00 61.00 to 85.00 72.32 74.88

Lymphocytes (%) M 22.14 5.79 21.50 12.00 to 35.00 20.49 23.79
F 22.36 4.32 23.00 11.00 to 28.00 21.13 23.59

Monocytes (%) M 2.56 1.57 2.50 0.00 to 7.00 2.11 3.01
F 2.14 1.48 2.00 0.00 to 7.00 1.72 2.56

Eosinophils (%) M 1.82 1.53 2.00 0.00 to 5.00 1.38 2.26
F 1.80 1.56 2.00 0.00 to 5.00 1.36 2.24

Basophils (%) M 0.02 0.14 0.00 0.00 to 1.00 0.00 0.06
F 0.10 0.30 0.00 0.00 to 1.00 0.01 0.19

Table 2. Serum biochemical reference values for male (M, n = 25) and female (F, n = 25) ostriches with SD, lower and upper 
bound 

Parameter (unit) Sex Mean SD Median Range Lower bound Upper bound

Aspartate aminotransferase (IU/L) M 388.48 101.36 358.00 228.00 to 585.00 346.64 430.32
F 392.92 89.70 389.00 270.00 to 594.00 355.89 429.95

Creatine kinase (IU/L) M 4,389.56 1,918.09 3,782.00 2,487.00 to 10,000.00 3,597.81 5,181.31
F 4,519.96 3,125.01 3,520.00 1,907.00 to 15,486.00 3,230.02 5,809.90

Uric acid (mmol/L) M 0.27 0.07 0.26 0.18 to 0.42 0.25 0.30
F 0.28 0.10 0.26 0.13 to 0.48 0.24 0.32

Glucose (mmol/L) M 10.68 1.32 10.56 8.19 to 12.92 10.14 11.22
F 9.78 1.47 10.01 6.38 to 12.10 9.17 10.39

Cholesterol (mmol/L) M 1.47 0.32 1.38 1.17 to 2.16 1.33 1.60
F 1.45 0.40 1.25 0.96 to 2.55 1.28 1.62

Total protein (g/L) M 46.00 5.43 47.00 30.00 to 5.00 43.70 48.20
F 47.10 8.22 46.00 36.00 to 77.00 43.70 50.47

Albumin (g/L) M 17.04 1.64 17.00 13.00 to 21.00 16.36 17.72
F 16.84 2.43 16.00 14.00 to 25.00 15.84 17.84

Globulin (g/L) M 28.92 4.27 29.00 17.00 to 36.00 27.16 30.68
F 30.24 5.92 30.00 23.00 to 52.00 27.80 32.70

Albumin:globulin M 0.60 0.07 0.60 0.44 to 0.76 0.57 0.63
F 0.56 0.04 0.56 0.48 to 0.64 0.54 0.58

Potassium (mmol/L) M 3.76 0.66 3.80 2.50 to 4.90 3.48 4.03
F 3.52 0.61 3.50 2.30 to 4.80 3.27 3.78

Sodium (mmol/L) M 144.76 4.78 144.00 134.00 to 157.00 142.79 146.73
F 143.96 8.05 143.00 125.00 to 162.00 140.64 147.28
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of granule. The heterogeneity found in the bird hetero-
phil granule classification may reflect different states of 
maturation, as suggested before (Dhingra et al., 1969), 
but only a detailed cell biological study may shed light 
on the real meaning of this fact. The lobulated nuclei 
and lack of peroxidase in ostrich heterophil granules 
were common characteristics observed by light micros-
copy among bird heterophils. The lack of peroxidase has 
also been reported in other avian heterophils (Rausch 
and Moore, 1975; Daimon and Caxton-Martins, 1977; 
Maxwell and Robertson, 1998; Santos et al., 2003) and 
should be considered during the hematological evalua-
tion and histopathological studies of birds.

When observed by transmission electron microsco-
py, ostrich eosinophils presented 2 granules commonly 
found, whereas a third one was rarely seen. As for het-
erophils, high morphological heterogeneity for bird eo-
sinophils is found in the literature. Maxwell and Siller 
(1972) report the ultrastructure of eosinophils of 6 spe-
cies of domestic birds: 3 species present 2 granules, 2 
only 1 granule, and the pigeon only 3 granules. Even for 
chickens, some discrepancies on granule type number 
are noted, presenting 1 (Dhingra et al., 1969; Daimon 
and Caxton-Martins, 1977) or 2 granules (Maxwell and 
Siller, 1972). Some birds, such as ducks and geese, have 
eosinophils with crystalline structures (Maxwell and 
Siller, 1972), a classical morphological marker of the 
human eosinophil (Iozzo et al., 1982), which was not 
found in the same leukocyte of ostrich. The only char-
acteristic that is common to most of the eosinophils 
of birds is the positive reaction for peroxidase in their 
granules (Daimon and Caxton-Martins, 1977; Maxwell, 
1987; Santos et al., 2003). Thus, this characteristic is 
an excellent marker for the discrimination between eo-
sinophils and heterophils of many species of birds, in-
cluding the ostrich.

Monocytes, lymphocytes, and thrombocytes of os-
trich had no peculiarities compared with what has been 
described for other nonmammalian vertebrates. They 
were all distinguished easily by light and especially by 
electron microscopy. The monocyte ultrastructure het-
erogeneity suggests that subpopulations might also be 
present as described for mammals (Gordon and Taylor, 
2005).

Hematology
In addition to the leukocyte characterization, hema-

tological parameters for ostriches are described. The 
most significant differences are discussed. Hemoglobin 
concentrations were higher compared with those of 
1-d-old ostriches, described by Raukar and Simpraga 
(2005). This is probably due to the young age of the os-
triches analyzed in their study (Palomeque et al., 1991; 
Vilar et al., 2003). Higher hemoglobin concentrations 
were reported by Mushi et al. (1999) and Vilar et al. 
(2003) and could be due to the lack of centrifugation 
of the samples before reading. Nonmammalian eryth-
rocytes have a nucleus that interferes in this kind of 

analysis (Green and Blue-McLendon, 2000; Campbell, 
2004a). Thus, for standard hemoglobin concentrations, 
this methodological step is crucial and should be stan-
dardized.

No significant differences were found between sexes in 
thrombocyte counts. Most of the published blood val-
ues do not report this parameter, probably due to the 
difficulty in discriminating lymphocytes from throm-
bocytes, especially in a Neubauer chamber. These cell 
types cannot be distinguished by automatic counting 
devices because nonmammalian thrombocytes have a 
nucleus and similar size. The modified Dacie cell di-
luent (Campbell, 2004b) was essential to better dis-
criminate these cell types.

Again, no major differences were found between sex-
es on the WBC. Compared with the reported values, 
similar numbers were found by Palomeque et al. (1991) 
and Green and Blue-McLendon (2000). Significant low-
er values were reported by Levi et al. (1989) and Mushi 
et al. (1999); both groups used heparin as an antico-
agulant. The discrepancy on the reported values was 
probably caused by a lack of standardization on blood 
preparation before leukocyte counting (Green and 
Blue-McLendon, 2000; Campbell, 2004a). Low WBC 
values were also obtained here when heparin blood was 
counted in the Neubauer chamber. Thus, an indirect 
method (Tavares-Dias and Moraes, 2006) was used to 
obtain WBC. Special attention must be given to the 
anticoagulant used in a hematological study.

Only minor differences were found in differential 
leukocyte counts between the published data and this 
work. Certainly, these small discrepancies are due to 
normal fluctuations caused by feeding, management, 
stress, and bird origins. Furthermore, we have found an 
evident eosinophilia in birds with the gastrointestinal 
parasites Libyostrongylus dentatus and Libyostrongylus 
douglassii that was reported in Brazil (Bonadiman et 
al., 2006; Ederli et al., 2008). The hematological values 
of these infected birds were not included in this report. 
Further studies are being carried out to determine how 
this infection alters blood leukocytes in ostriches.

Serum Biochemistry
No statistical differences were found between sexes in 

this study concerning the biochemical parameter analy-
ses. A trend toward higher glucose concentration was 
seen when the variance statistical test was used. The 
AST and creatine kinase values were higher than the 
ones reported by Levy et al. (1989), Palomeque et al. 
(1991), and Quintavalla et al. (2001). However, these 
values were similar to the ones reported by Verstappen 
et al. (2002). Khazraiinia et al. (2006) also reported 
similar values of AST in ostriches from Iran. Quintaval-
la et al. (2001) suggested that birds raised in tropical 
and subtropical climates have higher AST values. The 
climate in southeastern Brazil is also subtropical, which 
may explain the values reported in this work. Further-
more, the high values reported here for both enzymes 
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might be related to the stress during animal capture 
and blood withdraw as suggested before (Levy et al., 
1989; Palomeque et al., 1991; Verstappen et al., 2002). 
This is further supported by the fact that the birds 
used in this work were all in the reproductive stage, and 
were, therefore, very territorial and aggressive. Another 
important aspect of the biochemical values found here, 
especially concerning the electrolytes, was the storage 
of the serum before measurement. Lumeij (1985) and 
Verstappen et al. (2002), analyzing the influence of time 
and temperature in the storage of serum of birds, re-
ported that plasma potassium varied 15% when blood 
was stored for 2 h at the −20 to 0°C range. Here, serum 
was kept at −70°C, better preserving the enzymes and 
the other analyzed biochemical parameters.

In conclusion, ostrich leukocyte morphological char-
acterization was presented with clear differences be-
tween the 2 main types of granulocytes; the lack of 
peroxidase in heterophils was detected by light and 
electron microscopy and should be used for further 
pathological studies. For the hematological parameters, 
especially for WBC, heparin should not be used as an 
anticoagulant; for biochemical parameters, it is highly 
recommended that serum be stored at −70°C if mea-
surements will be performed later. The parameters ana-
lyzed here are in accordance with normal general values 
for birds (Campbell, 2004c). These results will help in 
the diagnosis of infectious diseases and pathologies of 
this highly interesting and lucrative commercial bird.
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