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ABSTRACT

The poultry industry is faced with many constraints, including the lack of data on local biological
blood parameters. These parameters are indicative of the breeding, feeding, environmental and
even genetic conditions on which the production and welfare of the animals strongly depend.
The objective of the work is to explore the hematological parameters of broilers and local
chickens for consumption in the city of Korhogo.To do this, a venous blood sample was taken
from 64 chickens including 32 local chickens and 32 apparently healthy broilers for a blood
count. The means of hematological parameters in broilers, except PCV, white blood cells and
eosinophils, and those in local chickens, except MCHC and eosinophils, are within the ranges of
the reference values. The mean value of red blood cell, hemoglobin and PCV of broilers and
hemoglobin and MCHC values from local chickens were significantly higher in males than in
females. The percentage of local chickens with anemia was 28.13% compared to 87.50% in
broilers. Both groups of chickens showed hyperleukocytosis and heterophilia. Some parameters
are within the reference ranges and others are not. They are generally higher in males than in
females. Similarly, they are higher in broilers than in local chickens.
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1. INTRODUCTION

The importance of poultry farming in the daily lives of people in rural areas is well established
[1]. Indeed, poultry provides people with company, food and a major source of protein in their
diet [2]. Poultry farming plays a very important role in the development of a nation for both
nutritional and economic reasons in many countries around the world [3]. Among poultry,
chickens are important farm animal species in almost all countries in the world. It is an important
source of animal protein and can be raised in situations where food and shelter resources are
limited [4]. In Cote d'lvoire, traditional poultry farming provides about 70% of the population's
poultry production [5]. However, the poultry industry is faced with many constraints, including
the lack of data on local biological blood parameters. Indeed, these parameters are indicative of
the breeding, feeding, environmental and even genetic conditions on which the production and
welfare of the animals strongly depend [6].Furthermore, these blood parameters provide valuable
information in animal health. In addition, it reveals the nutritional status of the individual and
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allows monitoring of these states in animal experiments [7, 8]. Unfortunately, the haematological
profile of these parameters is little exploited in avian medicine [9]. Yet, clinical chemistry
analyses can aid in the rapid diagnosis of poultry diseases and the determination of etiology and
can facilitate accurate treatment and prevention [10]. In addition to that, the clinical signs of
illness in birds are frequently subtle, clinical chemistry is necessary to evaluate cellular changes
[11]. For proper management of poultry farms, feeding, breeding, disease prevention and
treatment, it is desirable to know the normal physiological values under local conditions[12]. In
the specific case of Cote d'lIvoire, studies on biological reference blood parameters, particularly
hematological parameters in chickens, are practically non-existent. The question is whether the
hematological parameters of broilers and local chickens are in conformity with international
standards. The aim of this study is to explore the hematological parameters of broilers and local
chickens intended for consumption in the city of Korhogo.

2. MATERIELS AND METHODS

2.1. Experimental Site and Birds

The experiment was carried out from December 2020 to February 2021 in the department of
Korhogo situated between 5°16 and 6°16 of longitude West, and at latitude 8°32 and 10°20
Northin the northern Cote d’Ivoire. A total of 64 chickens, including 32 local chickens (22 males
and 10 females) and 32 broilers (11 males and 21 females) of different ages and apparent health,
were selected for the study. The average age of the local chickens was 31+9.2 weeks and the
broilers 5.4+0.46 weeks. This is a descriptive cross-sectional study in chickens intended for
consumption at the poultry market in Korhogo.

2.2. Collection and analysis of blood sample

In each bird, a venous blood sample is taken from the jugular vein in tubes containing an
anticoagulant, Ethyl Diamine Tetra Acetic (EDTA) in the morning between 7:00 and 9:00 am.
These blood samples, placed in a cooler with ice, are transported before 12 o’clock on the day of
the sampling to the laboratory of Peleforo GON COULIBALY University Health Centre in
Korhogo for the blood count.

The blood parameters measured were red blood cells (RBC), packed cell volume (PCV),
Hemoglobin (Hb) and total RBC indices: mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC). Then, total
white blood cell WBC count and its differentials (heterophils, lymphocytes, monocytes,
eosinophils and basophils). The hemoglobin concentration was determined by the
cyanmethaemoglobin method[13] while PCV was estimated by the micro haematocrit
method[7]. The RBC and WBC counts were determined using the haemocytometer as described
by [14]. The RBC indices were computed using the formulas provided by[15].

2.3. Statistical Analysis

For statistical analysis, the data were entered and analysed on STATISTICA software (Windows
version 7.1). The mean values of the different hematological parameters in the birds were
compared using the non-parametric Mann Whitney U test. Comparisons of the different
proportions obtained of the main blood count parameters were performed by the Loglikelihood
ratio test ("G" test) with the statistical software "R"™ version Windows 2.0.1. The level of
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significance was reported at less than P < 0.05.

3. RESULTS

3.1. Mean values of hematological parameters

3.1.1. Broilers

The mean values of the different hematological parameters in broilers associated with the
standard error on the mean (SEM) are presented in Table 1.Regarding erythrocyte parameters,
the mean red blood cell value was 2.89+0.1x1012/L with extremes ranging from 1.82 to 4.30. It
was higher in males than in females with a significant difference (P<0.05). Similarly, the means
of hemoglobin and PCV which were 11.06+0.50 g/dL and 28.88+1.05% respectively were higher
in males than in females with a highly significant and significant difference (P<0.001 & P<0.05).
The lower limits were 07.1 and 15.30 and the upper ones were 17.70 and 44.00 for hemoglobin
and PCV respectively. However, the other erythrocyte indices (MCV, MCH and MCHC) were
higher in males than in females without significant difference. The mean values were
135.12+5.01 fl, 39.15£1.75 pg and 35.38+8.55 g/dL for MCV, MCH and MCHC respectively.
Their lower limits were lower than the reference values and conversely the upper limits higher.
The mean WBC value, which was 4.59+0.60x109/L, was higher in males than in females with a
significant difference (P<0.05). The lowest value was below the lower limit of the reference
values and the highest was higher than the upper limit. Concerning the other WBC parameters,
the mean values for lymphocytes and heterophils were 48.28+1.73% and 40.88+1.75%
respectively. In contrast to lymphocytes, heterophils were higher in females than in males
without significant difference. Similarly, eosinophils and basophils are higher in females than in
males with no significant difference unlike monocytes. Their respective mean values are
6.31+0.59% and 3.69+0.34% and 1.47+0.14%.

3.1.2. Local chickens

Table 2 shows the means of the haematological parameters associated with the standard error of
the mean. The mean red blood cell value which was 2.89+£0.12x1012/L was higher in females
than in males without significant difference. On the other hand, the haemoglobin level which was
10.43+0.45 g/dL was higher in males than in females with a significant difference (p<0.05).
Among the erythrocyte indices, MCHC was higher in males (38.79+1.49 g/dL) than in females
(32.91£2.18 g/dL) with a very highly significant difference (p<0.01). All other erythrocyte
indices (PCV, MCV and MCH) were higher in males than in females without significant
difference. Their mean values were 27.39£1.42%, 123.29+4.33fl and 38.24+1.59 respectively.
The mean of white blood cells was 3.00+0.44x109/L. It was higher in males than in females
without significant difference. Similarly, lymphocytes and basophils were higher in males than in
females without significant difference. Their mean values are 48.50+1.80% and 1.31+0.08%
respectively. The other leukocyte parameters (heterophil, eosinophil and monocyte) were higher
in females than in males without significant difference. Among these leukocyte parameters,
heterophils and eosinophils had a mean value greater than the upper limit of the reference values.
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Table 1: Mean values of hematological parameters in broiler chicken

Haematological parameters Total population Male Female p value Reference
N=32 N=11 N=21 values [16]
Mean + SEM Min Max Mean + SEM Min Max Mean + SEM Min  Max
Red blood cells (10*4/L) 2.97+0.17 1.82 4.40 3.35+0.19 2.70 4.40 2.76+0.13 1.82 4.10 0.01(S) 25-35
Hemoglobin (g/dL) 11.06+0.50 07.1 17.70 13.21+0.95 09.20 17.70 09.93+0.41 07.11 14.30 0.00(S) 11.0-17.0
PCV (%) 28.88+1.05 15.30 44.00 32.00£1.87 24.00 44.00 27.25+£1.13 1530 38.00 0.04(S) 35.0-55.0
MCV (fl) 135.12+5.01 95.0 187.3 138.18+1.69 101.0 169.0 133.51+6.59 95.0 187.3 0.66(NS) 104 - 140.
MCH (pg) 39.15+1.75 25.00 59.00 39.39+4.07 25.00 59.00 39.03+1.70 29.00 55.00 O0.18(NS) 33.0-47.0
MCHC (g/dL) 35.3848.55 27.40 60.00 37.58+2.16 27.40 51.00 34.23+£1.60 27.60 60.00 0.24(NS) 30.2 -36.2
White blood cells (10%/L) 4.59+0.60 1.06 10.20 6.27+0.92 1.26 9.91 3.71+0.71 1.06 10.20 0.04(S) 1.2-3.0
Heterophils (%) 40.88+1.75 26.00 63.00 39.64+3.11 29.00 54.00 41.62+2.16 26.00 63.00 0.60(NS) 15.0-50.0
Eosinophils (%) 6.31+0.59 1.00 13.00 5.82+1.02 2.00 13.00 6.57+0.74 1.00 13.00 0.45(NS) 1.5-6.0
Lymphocytes (%) 48.28+1.73 27.00 67.00 49.8243.02 37.00 62.00 47.48+2.14 27.00 67.00 0.88(NS) 45.0-70.0
Monocytes (%) 3.69+0.34 1.00 8.00 4.27+0.73 1.00 8.00 3.38+0.36 1.00 7.00 0.35(NS) 5.0-10.0
Basophils(%) 1.47+0.14 0.00 4.00 1.18+0.12 1.00 2.00 1.62+0.20 0.00 4.00 0.14(NS) Rare
Thrombocytes (10%/1) 27.56£0.51 2200 32.30 26.79+0.60 22.00 32.00 27.99+0.45 23.50 32.30 0.33(NS

[1IN: Total number of eachsubjects group; MCV: Mean Corpuscular Volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin
concentration; SEM: Standard error of mean; Min: Minimum; Max: Maximum,; S: Statistically differentforpvalue <0.05; NS: Not statisticallysignificantforpvalue

<0.05

Table 2: Mean values of hematological parameters in local chicken

Hematological parameters Total population Male Female p value Reference
N=32 N=21 N=10 values [17]
Mean = SEM Min Max Mean + SEM Min Max Mean + SEM Min  Max
Red blood cells (10%%/L) 2,89+0.12 187 4,20 2.95+0.15 210 420 2.73+0.21 1.87 390 0,40(NS) 25-35
Hemoglobin (g/dL) 10,43+0.45 6.9 1550 10.91+0.49 6.90 14.80 09.36+0.87 6.9 1550 0,01(S) 7.0-13.0
PCV (%) 27.39+1.42 12,60 46,00 27.57+1.82 12.60 46.00 26.98+2.27 21.00 45.00 0,67(NS) 22.0-35.0
MCV (fl) 123,29+4.33 93,0 180,0 124.16+4.71 93.0 180.0 121.3619.62 94.0 175.6 0,47(NS)  90.0 - 140.
MCH (pg) 38.24+1.59 24,00 59,00 38.82+2.05 24.00 59.00 36.96+2.45 26.00 50.00 0,70(NS) 33.0-47.0
MCHC (g/dL) 36,95+1.31 23.90 51.00 38.79+1.49 22.70 51.00 32.91+2.18 23.90 4830 0,00(5) 26.0-35.0
White blood cells (10°/L) 3.00+0.44 1,00 10.40 2.89+0.19 120 5.00 2.31+0.16 1.00 352 0,13(NS) 1.2-3.0
Heterophils (%) 40.44+1.84 22,00 70.00 39.97+2.37 22.00 70.00 41.5+2.83 23.00 49.00 0.18(NS) 15.0-40.0
Eosinophils (%) 7,17+0.65 1,00 14,00 6.56+0.76 1.00 13.00 8.50+1.17 3.00 14.00 0,18(NS) 15-6.0
lymphocytes (%) 48.50+1.80 31,00 67,00 50.42+1.88 39.00 66.00 44.3+3.85 31.00 67.00 0,26(NS) 45.0-70.0
Monocytes (%) 4,15+0.40 0,00 9,00 4.05+0.42 2.00 9.00 4.40+0.90 0.00 9.00 0,74(NS) 5.0-10.0
Basophils(%) 1,31+0.08 1,00 2,00 1.32+0.10 1.00 2.00 1.30+0.15 1.00 2.00 0,93(NS) Rare
Thrombocytes (10%/1) 29,88+0.49 24,00 33,00 30.22+0.47 24.00 34.00 29.12+0.56 24.00 3250 0,29(NS)

N: Total number of each subjects group; MCV: Mean Corpuscular Volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin
concentration; SEM: Standard error of mean; Min: Minimum; Max: Maximum; S: Statistically differentforpvalue <0.05; NS: Not statisticallysignificantforpvalue

<0.05

3.2. Proportions of the mainerythrocyte parameters in chickens

The distribution of erythrocyte parameters of all chicken according to international reference standards is presented in Table 3.
According to the results of this table, the pathological level of red blood cell count was higher in broilers (31.25%) than in local
chickens (28.12%) without significant difference. On the other hand, the number of chickens with a hemoglobin level below the
reference value was higher in broilers (56.25%) than in local chickens (6.25%) with a very highly significant difference (p<0.001).

The percentage of local chickens with PCV below 22% therefore presenting anaemia was 28.13%. This percentage was higher in
broilers (87.50%) with a highly significant difference (p<0.001). In contrast, polycythaemia was not observed in broilers while it was
15.62% in local chickens. The results indicated microcytosis only in broilers. On the other hand, macrocytosis was observed in both
groups with a higher rate in broilers (37.50%) than in local chickens (25.00%) without significant difference. Conversely,
hypochromia was higher in local chickens (37.50) than in broilers (31.25) with no significant difference.
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Table 3: Proportions of the main erythrocyte parameter in all chicken

Local Chicken Broiler chicken p value

Erythrocyte parameters N=32 N=32

n % n
Red blood cells(10%%/L)
<25 9 28.12 10 31.25 0.68(NS)
25-35 16 50.00 14 43.75 0.52(NS)
>3.5 7 21.88 8 25.00 0.65(NS)
Hemoglobin(g/dL)
<7.0 and<I11.0 2 6.25 18 56.25 1.18e11(S)
7.0-13.0and 11.0-17.0 25 78.13 13 40.63 0.000(S)
>13.0 and >17.0 5 15.62 1 03.12 0.002(S)
PCV (%)
<22.0 and <35.0 9 28.13 28 87.50 1.55e%(S)
22.0-35.0and 35.0 - 55.0 18 56.25 4 12.50 4.07e%(S)
>35.0 and >55.0 5 15.62 0 0 3.27¢%(S)
MCV (fl)
<90.0 and <104 0 0 7 21.88 3.64e%(S)
90.0 - 140 and 104 - 140 24 75.00 13 40.62 0.001(S)
>140 8 25.00 12 37.50 0.11(NS)
MCH (pg)
<33.0 12 37.50 10 31.25 0.45(NS)
33.0-47.0 13 40.62 14 43.75 0.73(NS)
>47.0 7 21.88 8 25.00 0.64(NS)
MCHC (g/dL)
<26.0 and <30.2 1 03.12 8 25.00 1.07e%(S)
26.0 - 35.0 and 30.2 -36.2 13 40.62 13 40.62 1(NS)
>35.0 and >36.2 18 56.25 11 34.37 0.020(S)

N & n: Total number of each subjects group; MCV: Mean Corpuscular Volume; MCH: Mean corpuscular
hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; S: Statistically different for p value < 0.05; NS:

Not statistically significant for p value < 0.05

3.3. Proportions of main white blood cells in chickens

Table 4 shows the distribution of the white blood in all chicken. Leukopenia was more observed
in broilers (12.50%) than in local chickens (09.37). Similarly, hyperleukocytosis was higher in
broilers compared to local chickens with a significant difference (p<0.05). Heterophilia was
much higher in broilers than in local chickens with a significant difference (p< 0.05).
Monocytopenia was observed in broilers (65.62%) than in local chickens (59.37%) without

significant difference.
Table 4: Proportions of the mainleucocyte parameters in all chicken

Local Chicken Broiler chicken p value
Leucocyte parameters N=32 N=32

n % n
Leucocytes (10%/L)
<1.2 3 09.37 4 12.50 0.50(NS)
1.2-3.0 18 56.25 11 34.37 0.02(S)
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>3.0 11 34.37 17 53.12 0.04(S)
Lymphocytes (%)

<45.0 12 37.50 13 40.62 0.72(NS)
45.0 - 70.0 20 62.50 19 59.37 0.77(NS)
>70.0 0 0 0 0 1(NS)
Heterophils (%)

<15.0 0 0 0 0 1(NS)
15.0 - 50.0 29 90.62 25 78.12 0.33(NS)
>50.0 3 09.37 7 21.87 0.02(S)
Eosinophils (%)

<15 3 09.37 1 03.12 0.07(NS)
1.5-6.0 12 37.50 17 53.12  0.09(NS)
>6.0 17 53.12 14 43.75  0.34(NS)
Monocytes (%)

<5.0 19 59.37 21 65.62 0.57(NS)
5.0-10.0 13 40.62 11 34.37 0.47(NS)
>10.0 0 0 0 0 1(NS)

N & n: Total number of each subjects group; S: Statistically differentforpvalue <0.05; NS: Not
statisticallysignificantforpvalue <0.05

4. DISCUSSION

This prospective study describes the hematological profile of broilers and local chickens sold at
the market for consumption in the municipality of Korhogo. The mean values of all
hematological parameters in broilers except PCV, white blood cells and eosinophils are within
the ranges of the reference values. The mean of PCV is below the lower limit of the reference
values. It is also lower than that obtained in the work of [18, 19, 20, 21].

Generally, the decrease in PCV levels suggests the presence of a toxic factor with an adverse
effect on haematopoiesis[22]. Nevertheless, the PVC rate is much higher than the value obtained
by[23] in their work on broilers. In birds, the PCV value is used to determine anaemia and
polycythaemia[24, 25]. The percentage of broilers with anaemia is very high in this study. This
high rate is coupled with microcytosis and hypochromia in one third of the broiler population.
The hypochromia and microcytosis could indicate a micronutrient deficiency, particularly in iron
and vitamins in this broiler population. These deficiencies could be responsible for the observed
anaemia. According to the work of [26] iron deficiency is one of the main causes of anaemia. It
is known that the main reason for the development of anaemia is dietary[27]. In the present
study, the means of red blood cells, haemoglobin and PCV are statistically higher in males than
in females. These same observations concerning significantly higher PCV in males than females
were made by[28].

White blood cells in birds play an important role in the defence of the body as in mammals and
are indicators of the stress response [29]. The proportions of leukocyte parameters of white blood
cells give us an indication of the environmental conditions of broilers. The results indicated a
high rate of hyperleukocytosis (53.12%). In addition, high levels of heterophilia and eosinophils
were observed. These results suggest that these birds are under stress and that their response is
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reflected in increased heterophilia and leukocytes. Also, allergic or parasitic conditions show
increased numbers of eosinophils.

In local chickens, the mean values of all haematological parameters except MCHC and
eosinophils were within the ranges of the reference values.

The mean values of red blood cell, haemoglobin and PCV in this study though within the
reference ranges are lower than that obtained by[30]in indigenous chickens in Al-hasa, by [31]in
Nigerian indigenous chickens, by[32, 33] in local cocks in northern Nigeria. In contrast, the
values of MCV, MCH and MCHC in this study are higher than in these two previous studies.
This variationin parameters could be explained by the variation in rearing conditions. Indeed,
sex, age and diet are the factors that influence haematological parameters in birds[34]as well as
altitude[35].

The hemoglobin level was significantly higher in males than in females. The same finding was
made by[36]in the Thai indigenous chickens,[37]in Sudan indigenous Chickens, by[38] ,in
indigenous chickens in Bangladesh and by[39]in Telangana State Indigenous Chicken. Similarly,
the MCHC is significantly higher in males than in females as in the work of{39, 40]. The
percentage of pathological PCV is 28.13% in these local chickens indicating the presence of
anaemia in the third of the population. One quarter of this population had macrocytosis and
37.50% had hypochromia. Local chickens may have two types of anaemia: hypochromic
anaemia, usually due to iron deficiency, and macrocytic anaemia due to deficiency or poor
utilisation of vitamin B12 and folate. The mean eosinophil count is above the upper limit of the
reference values indicating an increase in eosinophils due to an infectious environment. Thus,
there is an increase in the white blood cell count, manifested as hyperleukocytosis.According
to[41]the abnormal production of white blood cells in animals is usually associated with an
immune response of the animal dueto the presence of an antigen in body.

Furthermore, the mean red blood cell and erythrocyte indices outside of MCHC are higher in
broilers than in local chickens. These results are contrary to those obtained by [42]who found
higher values in local chickens.

Similarly, apart from red blood cells,[23]found higher means in local chickens. On the other
hand, these haematological parameters were higher in broilers than in local chickens in the work
of [43]as in this work but with no significant difference apart from the PCV level. Comparing the
proportions of the pathological red line parameters, the results indicated a very significantly
higher rate of anaemia and microcytosis in broilers than in local chickens. Similarly, for the
white line, hyperleukocytosis and heterophilia were significantly higher in broilers than in local
chickens. Broilers in this study would be more expose to malnutrition and infections.

5. CONCLUSION

The hematological parameters in broilers except PCV, white blood cells and eosinophils and
those in local chickens except MCHC and eosinophils were within the ranges of the reference
values. They are higher in broilers than in local chickens without significant difference.
Furthermore, these values are generally higher in males than in females of the chickens in the
study. Anemia and elevated pathological levels of leukocyte parameters indicate malnutrition
and an infectious environment on the farms and in the storage areas of the chickens for sale. In
view of the differences observed, studies on a larger number of subjects must be undertaken to
define the reference haematological parameters of local chickens.
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