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Summary 

 

Research carried out in a farm of ostriches, initially populated with 4 adult animals 
and 8 ostrich chickens were the basis for the determination of the main haematological 
parameters and compare the data obtained with physiological reference values, published 
by some advised researchers in the field. Were recorded individual and average values, 
falling mostly in the physiological limits of species, but also departures more or less 
important depending on the investigated haematologic parameters. 

Oscillations found were less important for the hematocrit (29% - 46%) and 
hemoglobin (8.9 - 16.7 g / dl), the minimum level of the ht is associated with the lowest 
concentration of Hb. The total number of erythrocytes exceeded physiological limits in all 
cases tested, the average values (3.32 ± 0.37 t / l) and the oscillations (2.49 - 3.45 t / l) 
recorded, corresponding to a state of eritrocytosis put on account of sustained physical effort 

The total number of leucocytes (10.67 ± 5429) although it was included in the 
normal range, it revealed a considerable decrease in this parameter (below 6.0 g / l) in half 
of ostriches investigated. PMN leukocytes had individual insignificant variations in the 
percentage of eosinophils and basophils (8915 ± 54.76) but neutrophils share has been 
below the physiological limits. Lymphocyte population was at the upper limit of physiological, 
substantiated by the average values (38 ± 7306%) and upper limit of the confidence interval 
95% (44.62%). Monocytes proportion slightly exceeded the physiological limits, the average 
values (4.41±3477%) and confidence interval 95% (7.32), corresponding to animals with 
moderate monocytosis (4.5-5%) or extremely evident in one case (12.5%), cell reaction 
placed on the stress. 
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In the last decades, epizootics mainly dominated by "mad cow disease" 
has affected the lot number of animals in Europe and elsewhere, which led to the 
use of alternative resource of meat., thus the widespread use of ostrich meat, 
confirming its high quality. Haematological parameters are and were used 
successfully in assessing the health or illness in most species of animals, except 
the ostrich to which there are still many gaps in this regard. Many of the references 
found, still contain uncertainty and controversy concerning the evolution of 
haematological parameters in ostrich (2, 6, 8). 
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Materials and methods  
 

Research has been performed in a private farm of ostriches, recently founded 
and currently popular. Initially the farm was populated with 4 adult animals of 2.5 years (2 
males and 2 females) and was complete in a short time with a group of 8 chicks in 3 
weeks of age. Haematological investigations were conducted in physiology laboratory 
from FMV Cluj-Napoca and consisted in determining the following parameters of the 
hemogram: hematocrit (ht), total number of red blood cells, hemoglobin (hb), erythrocyte 
mean constant (VEM, HEM and CHEM); total number of leucocytes; leucocogram. To 
determine the hemogram we collected individual samples of blood on heparin, which 
were processed by classical haematological techniques (5, 9). The final analysis of data 
was based on statistical calculations using the Windows 2000 operating system and the 
program graphpad in stat (ANOVA). 
 

Results and discussions 
 

According to data recorded at individual ostrich investigated the 
haematological parameters shows wide variations, which determined us that for the 
analysis and interpretation of the obtained results, to use different reference values 
according to the bibliographic consulted sources (table 1). 

Table 1 
The evolution of some parameters of the hemogram in a lot of ostriches 

ERYTHROCYTE MEAN CONSTANTS 
NR. CRT. 

HT 
(%) 

HB 
(G/DL) 

NO. 
ERYTHROCYTES 

(T/L) 
VEM 
(FL) 

HEM 
(PG) 

CHEM 
(G/DL) 

1. 37 12,10 3,27 113,15 37,00 32,70 
2. 38 13,50 3,31 114,80 40,79 35,53 
3. 40 12,40 3,45 115,94 35,94 31,00 
4. 39 12,40 3,28 118,90 37,80 31,79 
5. 38 12,30 3,44 110,47 35,76 32,37 
6. 46 16,70 3,72 123,66 44,89 36,30 
7. 40 12,90 3,65 109,59 35,34 32,25 
8. 29 8,90 2,49 116,47 35,74 30,69 

Average 38,37 12,65 3,32 111,37 37,90 32,82 

St.Dev. 4,689 2,131 0,376 4,557 3,331 2,032 

St.Er.  1,658 0,753 0,133 1,611 1,178 0,718 

Minimum 29,00 8,90 2,49 109,59 35,34 30,69 

Maximum 46,00 16,70 3,72 123,66 44,89 36,30 

Lower limit of 
95% confiance 
interval  

34,45 10,86 3,01 111,56 35,12 31,13 

Upper limit OF 
95% Confiance 
interval 

42,25 14,43 3,64 119,18 40,69 34,52 

Reference 
values 

32 12 1,7 174 61 33 
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The hematocrit presented an average level of 38.37 ± 4.68%, which is 
within physiological limits of the species (32%). This value ranges from a minimum 
of 29% to a maximum of 46%, the minimum is below minimum physiological levels 
found in case of lot ostriches (table1). As expected from the same animal was 
found and the lowest value of hemoglobin (8.9 g / dl). 

Hemoglobin oscillation were less important (8,9 – 16,7 g/dl), with deviation 
from physiological limits (8,9 – 13,8 g/dl) in only one case, which was the maximum 
registered. 

The total number of erythrocytes has overcome the main physiological 
characteristics limits, measured at 1.7 t / l Merk Veterinary Manual (2007). For each 
investigated ostrich recorded values were elevated, with an average of 3.32 ± 0.37 
t / l and oscillations between 2.49 and 3.45 t / l (tabel1). This evolution of average 
values can correspond to an individual moderate erythrocytosis, which we placed in 
category of secondary polycythemia, caused by sustained physical effort for this 
lot. 

In this respect, Ghergariu et al. (5) shows that at least in horse, after a moderate 
exercise appears polycythemia, which is why blood sampling should be applied after a 
rest of at least 30 min. Considering the difficulties in the approach and content of the 
animals, highlighted erythrocytosis is justified, especially since it was recorded in all 
subjects. Other causes of erythrocytosis are intoxication with carbon monoxide and the 
effect of low atmospheric pressure, which is seen in animals living at high altitude (4, 9). 

Ghergariu et al. (5) show that compensatory erythrocytosis may occur in 
congestive heart failure and chronic alveolar emphysema but this is not fully confirmed.  

Erythrocyte mean constants it correlates with erythrocytosis found, without 
considering that this levels reflects the real healthy status of the lot. 

These indicators of anemia states had also vary from physiological limits. the lot 
we investigated has increased values of VEM (3.32 ± 0376fl), associated with very low 
levels of the HEM (37.90 ± 3331pg). These fluctuations may correspond to a 
hypochromic microcytic anemia, bear in mind that the formulas for calculating the two 
parameters also interest the number of erythrocytes, which was large enough to exclude 
this type of dysfunction. in support of those mentioned, point out that the average level of 
CHEM (2033 ± 32.82 g / dl), was placed in physiological limits with a 95% confidence 
interval between 31.13 g / dl and 34.52 g / dl (table 1). In 4 of the subjects investigated 
this parameter was slightly decreased (table 1) but without the clinical examination of 
animals to outline a specific state of anemia, mucosal appearance was normal in all 
cases. 

The total number of leucocytes showed significant oscillations (6-18 g / l) around 
the average of 10.67 ± 5429, which had a 95% confidence interval of 6.13 g / l and 15.21 
g / l (table 2). However this average value, we appreciate to be within the physiological 
limits, which are extremely variable due to numerous controversies encountered in the 
bibliography consulted, indicating variations of 5.2-7.5 g / l to 10-24 g / l (14). Analysis of 
individual data also shows that half of the animals investigated had a low number of total 
leucocytes (6.0 g / l), which may even correspond to a state of leucopenia, suggests 
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many references for birds (11). In general, leucopenia shows the evolution of 
immunodepresive states, which in our study can be attributed to factors of stress. In this 
context, it should remind that ostriches are a species which in weather conditions in 
Romania, is in the adaptive process, which explains the many and various factors of 
stress, which are little known. 

According to entries made by some researchers in the field, erythrocyte 
response in birds is quite different, especially as regards the absolute number of this 
hematological parameter (5). It is also necessary for data interpretation to be made with a 
certain dynamic and correlation with clinical status. It is also known that some 
hematological changes such as leucocytes number, evolve over time, sometimes in 
extremely short intervals, and so is insufficient to make a single determination 

Leucocytes subpopulations structure was characterized by various 
developments related to the type of leukocyte investigated and the subject analyzed. 
Thus, the proportion of eosinophils and basophiles had no significant individual variations 
and no deviations from the physiological. The representation of neutrophils was lower, 
their average values (54.76% ± 8915) and the lower limit of the confidence interval 95% 
(47.30%) were under physiological levels (table 2). Analysis of individual values obtained 
shows slight evolution states of neutropenia in most animals investigated. in this regard it 
is noteworthy, low frequency of neutrophils to 5 of the 8 subjects investigated, one of 
them having a very low level (38.4%). 

Lymphocyte population was characterized by a development related 
primarily to the neutrophils, with average values of 7306 ± 38%, which are placed 
in physiological parameters (12-41%). However, it must remember that for this 
parameter the upper limit of the 95% confidence interval has increased: 44.62% to 
53.30% (table 2).  
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Table 2  
The evolution of some parameters of the leukograma in a lot of ostriches 

LEUKOCYTES FORMULA (%) 

NR. CRT. 

NO. 
LEUKOCYTE

S 
(G/L) 

NEUTROP
HILS 

EOSINOP
HILS 

BASOP
HILS 

LYMPHOCY
TES 

MONOCI
TES 

1. 18.0 53,0 1,0 0,5 33,0 2,5 
2. 16,0 38,4 1,9 1,2 53,3 5,0 
3. 10,0 52,8 2,5 1,0 39,5 3,9 
4. 6,0 61,0 3,5 1,5 31,4 2,6 
5. 6,0 56,5 1,7 0,0 37,8 3,0 
6. 6,0 68,2 1,8 0,5 44,0 4,5 
7. 17,0 59,5 3,2 0,0 36,9 1,3 
8. 6,4 48,7 1,5 0,0 32,2 12,5 

Average 10,67 54,76 2,13 0,58 38,51 4,41 

Dev. St. 5,429 8,915 0,860 0,589 7,306 3,477 

Er. St. 1,919 3,152 0,304 0,208 2,583 1,229 

Minimum 6,0 38,40 1,0 0 31,40 1,3 

Maximum 18,0 68,20 3,5 1,5 53,30 12,5 

Lower limit of 
95% confiance 
interval  

6,13 47,30 1,41 0,09 32,40 1,50 

Upper limit of 
95% confiance 
interval 

15,2 62,21 2,85 1,08 44,62 7,32 

References 
value* 

5,5 63 0,3 0,2 34 2,8 

 
For increasing the share of lymphocytes contributed 2 subjects, one with 

limphocytosis correlated with neutropenia with the 53.3% and the other with 44%. 
The monocytes proportion presented numerous individual oscilations 

around the average of 3477 ± 4.41%, the maximum reaching 12.5% and the upper 
limit of the confidence interval 95% to 7.32. According to individual data were also 
recorded deviations from normal values (0-4%), including mild increases in the 
proportion of monocytes in two of the subjects (4.5-5%), while in other has evolved 
quite a monocytosis (12.5%). There is therefore a tendency towards monocytosis, 
which we can put into action of stress factors. Stressful actions that have directly 
affected the breeding of ostriches were related primarily to work with agricultural 
and forestry noisy and aggressive behavior of some workers, visitors or dogs. In 
this context, it is necessary to recall that the monocytes response generally explain 
the evolution of chronic inflammatory processes, suppurative or granulomatous, 
erythrodiapedesisi or stress. 

The results of this study reveal the existence of significant individual 
fluctuations, sometimes placed outside the physiological limits allowed by many 
researchers as benchmarks. 

Thus, Perelman (12) shows that hematological parameters in ostriches 
varies greatly depending on age and sex, claiming the lower values of the ht also 
found by other researchers in young ostriches (30-35%) comparable to those 
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adults (40, 2-45%) (1, 7). Noteworthy are the data obtained by Levy et al. (7), which 
shows that the total number of erythrocytes is between 1.3 and 2.1 t / l, without 
marked differences depending on age, while the Hb level is lower in young 
ostriches (8.9 g / dl) than those in adults (13.8 g / dl). A similar trend was observed 
for VEM, which tends to increase with aging, from 159 fl in young ostriches (1-3 
months) to 193 fl for the adults. This development differs entirely from that seen in 
humans and other species of mammals, in which the VEM level tends to increase 
with age (12). HEM is generally between 51% pg in chicken and 71 pg% in adults, 
and CHEM values varies depending on age, beings of approximately 30% in 
chicken and 37% in adults. 

As apparent from the following summary, the literature regarding the 
evolution of hematological parameters in different physiological states in ostrich is 
still quite sporadic and full of controversy. Thus, according to studies conducted by 
Levy et al. (7), the total number of leucocytes in ostrich varies between 5.5 and 7.5 
g / l, while Fudge (2) reported average of 10-24 g / l. less controversial are found in 
the proportions of items in the leucocytes formula. Similarly, Levy et al. (7) shows 
that the share of neutrophils is lower in chicken (56.1%) than in adult ostriches 
(63.6%) high values also reports Fudge (2) for adult birds (58-89%).  

In contrast, Robertson and Maxwel (13), indicates evolutions more closely 
than the average in neutrophils according to age (79.8% in chickens a day and 
74.5% in adults). Fudge (2) shows that basophile and the eosinophil elements are 
generally rare in ostriches regardless of age or sex. Data on the percentage of 
lymphocytes also differ from one author to another, Levy et al. (7), showing close 
values in the young and adult animals (39.8% and 27.1%) but lower than those 
reported by Robertson and Maxwel (13) (11.9% and 14%), while Fudge (2) 
reported only averages of 12-41 %. 

As regards the monocytes percentage variation there are few data 
available, mainly being supported the average set by Perelman in 1999 (0-4%).  
as apparent from those presented, the gaps and controversy dominating the 
information in this area, generates sufficient difficulty in interpreting the results, 
which, according to many researchers, makes more difficult the health assessment 
in ostriches (1, 2, 3, 7, 10, 11). 
 

Conclusions 
 

Research carried out in a farm of ostriches led to the formulation of the 
following conclusions about the evolution of basic hematological parameters:  

1. Variations of the hematocrit were classified within physiological limits of the 
species, with average values of 38.37 ± 4.68% and oscillations between 29% and 
46%, the minimum level registered was also associated with the lowest 
concentration of Hb (8. 9 g / dl); 

2. Hemoglobin has no importance oscillations (8.9 - 16.7 g / dl), falling within 
physiological limits (8.9 - 13.8 g / dl), except for one case, which is assigned the 
maximum recorded 
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3. The total number of erythrocytes exceeded physiological limits in all cases 
tested, with an average of 3.32 ± 0.37 t / l and oscillations between 2.49 and 3.45 t 
/ l eritrocythosis reported being made on behalf of sustained physical effort 

4. Average erythrocyte constants were characterized by increased values of 
VEM (3.32 ± 0376fl), low HEM (37.90 ± 3331pg) and normal CHEM (2033 ± 32.82 
g/dl), fluctuations we can’t associate with the development of microcytar hipocromic 
anemia because of an increased number of erythrocytes 

5. The total number of leucocytes has evolved between the normal, but with 
very large oscillations from the mean (10.67 ± 5429), but half of the ostriches with 
considerably lower levels (below 6.0 g / l); 

6. PMN leukocytes presented insignificant individual variations in the 
percentage of eosinophils and basophiles but share of the neutrophils being below 
the physiological limits, with an average of 54.76 ± 8915 

7. Lymphocyte population has evolved around the upper physiological limits 
encountered in this species, with average values of 38±7.306 % and upper limit of 
the confidence interval 95% to 44.62%;  

8. Monocytes proportion slightly exceeded the physiological limits, the average 
values (4.41 ± 3477%) and confidence interval 95% (7.32), corresponding in two 
cases a mild monocytosis (4,5-5%), respectively very evident in another case 
(12.5%), attributed to the stress in both situations 
 

References 
 

1. Brown, C.R., Jones, G.E., Some blood chemical, electrolyte and mineral 
values from young ostriches, Journal of South African Veterinary Association, 
1996, 67, 111–114. 

2. Fudge, A.M., Clinical hematology and chemistry of ratites, In: Tully, T.N. 
AND Shane, S.M. (EDS) Ratite management, medicine, and surgery. Krieger 
Publishing, Malabar, Florida, 105–114, 1996. 

3. Gray, D.A., Naude, R.I., Erasmus, I., Plasma arginine vasotocin and 
angiotensin in the water deprived ostrich (Struthio camelus), Comparative 
Biochemistry And Physiology, 1988, 89A, 251–256. 

4. Ghergariu, S. Bazele patologiei medicale a animalelor, Ed. All, ColecŃia 
Veterinaria, 1995.  

5. Ghergariu, S, Pop, AL., Kádár, L., Spînu, Marina, Manual de Laborator 
Clinic Veterinar, Ed. All, Bucureşti, 2000. 

6. Hochleithner, M., Biochemistries, In: Ritchie, B.W., Harrison, G.J, Harrison, 
L.R. (Eds) Avian Medicine: Principles and Application, Wingers Publishing, 
Lake Worth, Florida, 223–242, 1994. 

7. Levy, A., Perelman, B., Waner, T., Creveld, C. Van., Yagil, R., 
Haematological Parameters of The Ostrich (Struthio Camelus), Avian 
Pathology, 1989, 18, 2, 321-327. 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLII (2), 2009, TIMIŞOARA 
 

 58 
 

 

8. Lewandowsky, A.H., Campbell, T.W., Harrison, G.J., Clinical Chemistries, 
In: Harrison, G.J. AND Harrison, L.R. (EDS) Clinical Avian Medicine and 
Surgery. W.B. Saunders, Philadelphia, 192-200, 1986. 

9. Ognean, L, Cernea, Cristina, AplicaŃii Practice Medical-Veterinare, Ed. 
Academicpres, Cluj-Napoca, 2007. 

10. Okotie-Eboh, G., Bailey, C.A., Hicks, K.D., Kubena, L.F., Reference 
Serum Biochemical Values for Emus and Ostriches, American Journal of 
Veterinary Research, 1992, 53, 1765–1768.  

11. Olowookorun, M.O., Makinde, M.O., A comparative assessment of 
erythrocyte osmotic fragility, haematological and serum biochemical values in 
the domestic chicken and the ostrich, 1998, In: Huchzermeyer, F.W. (ed.) 
Ratites in a competitive world. Proceedings of the 2nd international ratite 
congress, 1998, Oudtshoorn, South Africa, 99–101. 

12. Perelman, B., Cab International 1999, The ostrich: biology, production and 
health (ed. D.C Deeming) 

13. Robertson, G.W., Maxwell, M.H., Ultrastructure, cytochemistry and 
leucocyte differential profiles from day old and adult ostriches, In: Deeming, 
D.C. (ed.) Improving our understanding of ratites in a farming environment. 
Ratite conference, Oxfordshire, UK, 15–16, 1996. 

14. ***Merck veterinary manual, 2007. 


