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Abstract: This research aims to classify anemia cases in the Iraqi water buffalo population by collecting 140 blood 
samples from buffaloes in Nasiriyah Governorate pastures. These samples were collected randomly from three age 
groups: > 1 year, 1-4 years, and < 5 years. Blood sample analysis revealed 45 anemia cases (32.12%) and 95 healthy 
cases (67.88%). Phenotypic classification of anemia encompassed microcytic hypochromic (12.14%), macrocytic 
hypochromic (7.85%), normocytic hypochromic (6.42%), and normocytic normochromic (5.71%) cases. Erythrocyte 
sedimentation rate (ESR) notably increased in anemic buffaloes, displaying a statistically significant disparity (P< 0.05) 
compared to healthy counterparts. Anemia cases exhibited higher neutrophil counts in white blood cell relative 
differentials. For the three age groups, hemoglobin (Hb), packed blood cell volume (PCV), and total red blood cell count 
(RBC) values indicated significant decreases from normal levels, showcasing statistical significance (P< 0.05) between 
healthy and anemic buffaloes. While anemia cases generally displayed normal iron concentrations, microcytic anemia 
demonstrated lower iron levels in the 1-4 and >5 years age groups, with iron levels reaching the minimum global normal 
range in the <1 year age group. Copper concentrations remained normal in all healthy cases and anemia cases, except 
for microcytic anemia, which showed reduced levels across age groups.  
In conclusion, this study comprehensively characterizes anemia in Iraqi water buffaloes through clinical, hematological, 
and elemental analyses. The findings underscore the prevalence of various anemia types, their age-related variations, 
and significant hematological deviations in anemic buffaloes compared to healthy counterparts. This research enhances 
our understanding of anemias' impact on this population and provides valuable insights for future diagnostic and 
management strategies.  
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INTRODUCTION 

Anemia, characterized by an absolute reduction in 
packed cell volume (PCV), hemoglobin concentration, 
or red blood cell (RBC) counts, poses significant health 
concerns. Clinical manifestations include pale mucous 
membranes, elevated heart rate, and hypotension. 
While the diagnosis can be initiated through a complete 
blood count (CBC), further tests might be necessary for 
confirmation. Anemia arises from various factors, 
encompassing nutritional deficiencies, genetic 
predispositions, chronic diseases, and environmental 
factors. Buffalo is one of the important agricultural 
animals that spread around the world. It is found in 
Asian, African, South American, and some 
Mediterranean countries. The largest part of the world's 
population depends on the local water buffalo and not 
on the rest of the animals in the world because of its 
economic importance [1]. Buffalo is the main source of 
good-quality meat and milk in Egypt and some other 
developing countries. These animals are mainly raised 
on small farms, although there are difficulties in feeding 
[2]. In addition to the decrease in the number of 
buffaloes, the productivity of milk and meat decreased,  
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which led to the inability of the local production of red 
meat and dairy to meet the increasing demand for 
these products until the Iraqi per capita share of animal 
protein did not exceed 17g of red meat and 7.4g of 
dairy, at a time when this demand is increasing due to 
the increase in population, high per capita income, and 
high rates of urbanization, compared to some other 
agricultural animals, and most of that research was 
conducted in special stations established for this 
purpose, with a focus On the study of the effect of 
environmental factors, especially nutrition, on animal 
productivity of milk and fat under those controlled 
conditions, it did not address other administrative and 
physiological factors that are less important in their 
impact on production, such as the size of the herd, the 
age at the first calving, the number of open days, the 
season of production, and others, especially in the 
prevailing production conditions in Iraq. The open or 
pastoral breeding system and the variation in the size 
of the herd between several animals led to several 
hundreds of them for a single breeder. As well as the 
scarcity of fodder and other factors led to a large 
variation in the animal's productivity of milk and meat 
[3].  

Despite the substantial role that buffalo populations 
play in global food production, there exists a critical gap 
in our understanding of anemia classification and its 
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impact on buffalo health. Furthermore, the relationship 
between mineral element deficiencies, particularly iron, 
and copper, and the prevalence of anemia remains 
inadequately explored. Such knowledge gaps hinder 
comprehensive strategies for mitigating anemia and its 
associated negative effects on buffalo productivity and 
well-being. Addressing these gaps is not only essential 
for the sustainable production of meat and milk but also 
for ensuring the welfare of these animals. Therefore, 
this study aims to delve into the phenotypic 
classification of anemia and the potential influence of 
mineral element losses, contributing to a more holistic 
understanding of buffalo health and productivity 
optimization.  

MATERIALS AND METHODS 

The research was designed based on collecting 
blood samples from Iraqi water buffaloes, and 140 
were collected randomly over more than five months. It 
contains a percentage of a group of proteins, enzymes, 
and salts taken from the animal station. Blood samples 
were collected from buffaloes after the animal was well 
controlled by the breeders, and 10ml was collected 
from the jugular vein immediately after sterilizing the 
place of withdrawal by wiping it with ethyl alcohol and 
then using syringes of 10ml with a size of 22G. Blood 
was collected with EDTA. The tubes containing the 
blood were moved quietly in the form of Letter 8 to 
ensure that the blood mixed with the anticoagulant 
substance in which the blood combines with calcium 
ions that are involved in the coagulation process [4]. 
The study included general clinical examination 
(temperature, pulse rate, respiration, and examination 
of mucous membranes) and conducting the following 
blood tests: counting total red blood cells (RBC) and 

white blood cells (WBC), calculating the amount of 
hemoglobin (Hb) and calculating the volume of blood 
cells. PCV. Determination of blood indicators, which 
are finding (MCV) average spherical volume, (MCH) 
average spherical hemoglobin, and (MCHC) average 
spherical hemoglobin concentration using a blood 
analyzer. For the examination of stained blood smears 
and calculation of the blood sedimentation rate (ESR), 
the Winthrop method was used, according to the 
approved source [5]. Moreover, conducting some 
biochemical tests included calculating the 
concentration of iron (Fe) in the serum and calculating 
the concentration of copper (Cu) in the serum using the 
spectrophotometer.  
Statistical Analysis 

Statistical analysis was performed using the 
Statistical Analysis System (SAS) program from 2012. 
The effects of different factors on study parameters 
were assessed using appropriate statistical techniques. 
Mean values ± standard deviation (SD) was utilized to 
establish significant comparisons between means, 
facilitating a robust evaluation of the data significance.  
RESULTS  

The results of the general clinical examination of 
140 buffaloes showed that they varied in rates of 
temperature, respiration, and pulse, with the 
preservation of the normal color of the mucous 
membranes of 95 heads, which constituted 67.88%, 
while the rest 45 cases that suffer from anemia 
constituted 32.12%. It was distinguished by its pale 
color. As for the results of the general examination of 
buffaloes, which were suffering from varying symptoms 
of general weakness, lethargy, lack of appetite, and 

Table 1: The Rates of Heat, Pulse, and Respiration of Healthy Buffaloes According to Age and Sex 
Res./minute Pulse/minute Tem.C0 Number 

F M F M F M 

SE±M 
Rang F M 

Age 

1.83±35.92 
A 

2.35±32.76 
a 

4.37± 78.27 
a 

4.12±79.77 
a 

0.37±37.99 
 A 

0.66± 38.02 
a 

SE±M 

(42-27) (39-24) (103-55) (107-63) (38.2-37) (38.3-37.5) Rang 

14 13 Less 
than 1 
year 

1.76±31.25 
B 

3.21±31.77 
b 

3.42±71.4 
b 

5.90±70.88 
b 

0.95±37.93 
A 

1.5±37.94 
A 

SE±M 
 

(36-27) (34-28) (79-63) (77-54) (38.3-37.6) (38.5-37) Rang 

20 9 1-4 
years 

2.14±26.72 
C 

- 2.32±65.6 
c 

- 0.27±37.80 
A 

- SE±M 
 

(29-24) - (67-61) - (38-37.4) - Rang 

39 0 More  
Than  
4year 

**//The different English letters in one column indicate significant differences at the level (p<0.05) between ages. 
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paleness of the mucous membranes, it may be an 
indication of anemia, as in other animals, and this is 
consistent with what was mentioned in the sources [6, 
7].  

It was noted that there are statistically significant 
differences at the level (p<0.05) in the pulse and 
respiration of the three age groups. It was noted that 
the results of the study were no significant differences 
between males and females in healthy animals as well 
as in infected animals with regard to clinical values, 
which is consistent with what was mentioned by [6]. 
The results of the general clinical examination of 
temperature, pulse, and respiration of buffaloes 
suffering from anemia for the age group less than 1 
year showed that the temperature in males had a rate 
of 39.60 and a range of 39.75-38.8, while for females 
the rate was 39.02 and a range 39.6-38.5. As for the 
pulse, it was recorded in males at a rate of 66.74 and 
with a range of 87-56, while in females, the pulse rate 
was recorded at 80.50 and with a range of 108-76, 
while respiration was recorded in males at a rate of 
32.97 and in a range 40-26. Females have a 
respiratory rate of 37 and a range of 30-50. As for the 
age group 1-4 years, with regard to the temperature in 
males, the average was 39.22, and the range was 
39.40-38.6, while the females had the rate of 39.96 and 
the range of 39.5-38.6, while the pulse was recorded in 
males with the rate 92 and the range 103-81, while for 
females, the pulse rate was recorded at 76.33 with a 
range of 92-63, while respiration was recorded in males 
at a rate of 36 and with a range of 33-39, while for 
females, the respiration rate was recorded at 34.28 
with a range of 37-37.31. As for the age group of more 
than 4 years, in relation to the temperature of females 
suffering from anemia, the rate was 39.39, with a range 
of 39.75-39.10, while the pulse was recorded in 

females at a rate of 70.21 and a range of 91-53, while 
respiration was recorded in females, averaging 28.48 
with a range of 47-21. It was found that the rate and 
range of temperature, pulse, and respiration for cases 
suffering from anemia recorded a rise in the rate and 
range compared to the international values for cows, 
except for the age group 1-4 years, as it was slightly 
higher than the global level 38.5, reaching 38.96. The 
range is 39.5-38.6 compared to the global range of 39-
38, as shown in Table 2.  

Table 2 shows the case of comparison between 
males and females, where it was found that there are 
statistical differences at the level (p<0.05) between 
males and females in temperature, pulse, and 
respiration for cases with anemia in the age groups 
less than 1 year and 1-4 years, and there are also 
statistical differences at the level (p<0.05) between the 
age groups less than 1 year and 1-4 years in relation to 
temperature while the pulse and respiration were high 
in the age group 1-4 years:  

1. 9 cases of normocytic hypochromic anemia 
appeared, with a rate of 6.42%, which included 3 
cases from the age of 1-4 years and constituted 
6.66% of the affected cases and 6 cases over 
the age of 4 years and 13.33 of the total infected, 
as shown in (Figure 1). There are no significant 
differences between ages for all clinical values. 
Paleness of the mucous membranes has been 
observed in all animals, consistent with what was 
indicated by [5].  

2. The results also showed 8 cases of normocytic 
anemia, with a rate of 5.71%, which included 4 
cases of age less than 1 year, and constituted 
8.88% of the total affected cases, and 2 cases 
were recorded at the age of 1-4 years old, which 

Table 2: Rates of Heat, Pulse, and Respiration of Buffalo that Suffer from Anemia According to Age and Sex 
Res./minute Pulse/minute Tem.C0 Number 

F M F M F M 

 SE±M 
 Rang F M 

 
Age 

3.75±37 
A 

3.36±32.97 
B 

5.96±82.5 
A 

3.98±66.74 
B 

0.16±39.02  0.24±39.60 
 

SE±M 

(50-32) (40-26) (108-76) (87-56) (39.6-38.5) (39.75-38.8) Rang 

5 7 Less 
than 1 
year 

2.35±34.28 
B 

6.60±36 
A 

6.42±76.3 
B 

5.98±92 
A 

0.37±38.96 0.53±39.22 SE±M 

(37-31) (39-33) (92-63) (103-81) (39.5-38.6) (39.4-39.8) Rang 

10 2 1-4 
years 

1.44±28.48 
C 

- 2.34±70.2 
c 

- 0.38±39.40 
A 

- SE±M 
 

(47-21) - (91-53) - (39.75-39.1) - Rang 

21 0 More  
Than  
4year 
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included 4.44% of the total infected cases, and 2 
cases were recorded over the age of 4 years, 
and constituted 4.44% of the total infected 
cases, as shown in (Figure 1). There are no 
significant differences between ages for this type 
of anemia.  

 
Figure 1: The types of anemia and the numbers and 
proportions of infected buffaloes for both sexes. 

3. The results showed 17 cases of microcytic 
anemia with a rate of 12.14%, which included 6 
cases with an age of less than 1 year and 
constituted 13.33% of the total affected cases, 
and 3 cases with an age of 1 year recorded. 4 
years old, which constituted 6.66% of the total 
infected cases, as shown in (Figure 1). 8 cases 
were recorded over 4 years old and constituted 
17.77% of the total infected cases. A 
temperature was recorded at a rate of 38.81-

39.80°C, a respiration rate of 26.87-35 
times/min, and a pulse rate of 65.28-76.66 
beats/min. There were no significant differences 
between ages, as shown in (Table 3).  

4. The results showed 11 cases of megaloblastic 
anemia with a rate of 7.85%, which included 2 
cases of age less than 1 year and constituted 
4.44% of the total affected cases, and 3 cases 
recorded at the age of 1-4 years old, which 
constituted 6.66% of the total infected cases, 
and 6 cases were recorded at the age of more 
than 4 years, which constituted 13.33% of the 
total infected cases, as shown in (Figure 1).  

The average number of red blood cells for healthy 
buffalo males was (8.07-8.39) X 106 /µl, while healthy 
buffalo females recorded a rate of (7.72-8.47) X 106 
/µl, while the rate of red blood cells in infected male 
buffaloes was (7.22-7.40). X 106 / µl, either infected 
buffalo females recorded a rate of (6.64-7.84) X 106 
/µl, or the rates of the number of red blood cells in 
infected buffaloes differed according to each type of 
anemia, reaching the normal normocytic type (6-8.25) 
X 106 /µl, either in normal balls with low pigmentation 
(7.27-7.33) X 106 /µl, in small balls with little 
pigmentation (7.93-8.30) X 106 /µl, and in large balls 
with little pigmentation (4.43-4.58) X 106 /µl. The 
statistical results showed that there was no significant 
difference at the level of (p≥0.05) between males and 
females of different ages, but there was a significant 
difference at the level of (p≤0.05) between the volume 
of red blood cells of infected and healthy buffaloes.  

The rate of hemoglobin in healthy buffalo males was 
11.16-11.49g/dl, while the rate of 10.42-12.21g/dl was 
recorded in healthy females. As for the infected males, 
the rate was 8-8.27g/dl, and the infected females had a 

Table 3: Heat, Pulse, and Respiration Rates for Infected Buffaloes with Hypochromic Anemia According to Age 

Res./minute Pulse/minute Tem.C0 SE±M 
Rang 

Number Age 

1.41±35 
A 

2.59±65.28 
C 

0.11±39.12 
B 

SE±M 

(42-31) (83-56) (39.5-38.8) Rang 

6 Less 
than 1 
year 

2.80±30 
B 

3.72±76.66 
A 

0.60±39.80 
A 

SE±M 
 

(36-28) (94-62) (40-38) Rang 

3 1-4 
years 

2.47±26.87 
C 

4.52±67.37 
B 

0.21±38.81 
C 

SE±M 

(27-24) (70-54) (39.3-38.6) Rang 

8 More  
Than  
4year 
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rate of 7.46-8.26g/dl, and its rates differed in infected 
buffaloes according to each type of anemia. It reached 
6.20-8.85g/dl in normocytic and hypochromic 7.40-
7.48g/dl and normocytic microcephaly 7.40-7.48g/dl, 
7.42-8.11g/dl and with a large, slightly pigmented 
globule 7.70-8.66g/dl.  

The rate of (PCV) in healthy buffalo males was 
35.15-37.32%, and the rate of 33.15-36.28% was 
recorded in healthy females. As for the infected males, 
the rate was 26.34-27%, and for the infected females, it 
was 24.76-27.72%, and the rates differed. In infected 
buffaloes, according to each type of anemia, where the 
normocytosis reached 20-28.50%, the normocytosis 
with little pigmentation 25.83-28.80%, the small globule 
with little pigmentation 23.87-27%, and the large 
globule with little pigmentation 25.66-28.66%. 

The average spherical size rates in healthy buffalo 
males were 43.10-45.11FL; in healthy females, the rate 
was 43.12-48.19FL. Either the infected males recorded 
a rate of 34.30-36.48FL and infected females a rate of 
31.57-39.70FL. The rates differed. In infected 
buffaloes, according to each type of anemia, where 
normal leukemic, normal pigmentation was 33.33-
34.62FL, either normal leukemic low pigmentation 
35.02-35.49FL, small leukemic low pigmentation 30.07-
31.88FL, and large leukemic low pigmentation 30.07-
31.88FL, 58.08-62.59FL.  

The average levels of hemoglobin concentration in 
healthy buffalo males were 30.84-32.45g/dl, and in 
healthy females, the rate was 31.59-33.66 g/dl. Either 
infected males recorded a rate of 29.62-31.44g/dl, and 
infected females recorded a rate of 29.75. -30.87g/dl, 
and its rates differed in infected buffaloes according to 
each type of anemia, reaching 31-31.74g/dl in normal 

hemoglobin or between 28.80-29.34g/dl in 
hemochromatosis. The small globule has little pigment 
29.23-31.14g/dl, and the large globule has little 
pigment 30.23-31.69g/dl.  

The average spherical hemoglobin reached rates in 
healthy buffalo males 13.92-14.36pg; in healthy 
females, it recorded a rate of 14.23-15.30pg. Either 
infected males recorded a rate of 10.80-12.22pg, and 
infected females recorded a rate of 10.02-11.98pg. Its 
rates differed in infected buffaloes according to each 
type of anemia, and it reached 10.33-10.98pg in 
normocytic normocytosis 10.08-10.27pg, microglobulin 
with little pigment 9.32-9.76pg, and macroglobulin 9.32-
9.76pg Low pigmentation 17.46-18.90pg.  

The mean of the total count of white blood cells in 
healthy buffalo males was (8.50-9.05) X 103 /µl, while 
healthy buffalo females recorded a rate of (9.74-10.34) 
X 103 /µl, while the rate of white blood cells in infected 
buffalo males was (9-9.49) X 103 /µl, either the infected 
female buffaloes recorded a rate of (8.14-9.02) X 103 
/µl or the rates of the number of white blood cells in the 
infected buffaloes differed according to each type of 
anemia, reaching the normal normocytic type (6.50-
8.60) X 103/µl, either in normal balls with low 
pigmentation (8.58-11.66) X 103/µl, in small balls with 
a little pigmentation (8.93-9.65) X 103/µl, and large 
balls with a little pigmentation (8.93-9.15) X 103/µl.  

The sedimentation rate of red blood cells in healthy 
buffalo males in the first hour was 19.53-28mm/hr, and 
in 24 hours, 88.56-93.44mm/hr. As for healthy females, 
it was in first hour 16.49-65.27mm/hr and 24 hours 
91.27-115.46mm/hr; in males with anemia, it reached 
44.05-50mm/hr in the first hour and 24 hours 108.57-
133mm/hr. In females with anemia, it reached 29.60 in 

Table 4: Sedimentation Rates of Erythrocytes for Healthy Buffaloes of both Sexes, According to Age 
24hr 

mm/hr 
1hr 

mm/hr 
Number 

F M F M 

SE±M 
Rang 

F M 

Age 

13.47±85.20 
B 

14.40±108.57 
A 

 7.85±29.60 
 B 

11.20±44.05 
a 

SE±M 

(93-78) (115-100) (33-25) (46-30) Rang 

5 7 Less than 1 
year 

11.21±119.6 
B 

12.07±133.9 
A 

13.21±57.33 
A 

11.68±50 
B 

SE±M 

(116-101) (141-117) (63-)45.5 (60-43) Rang 

10 2 1-4 
years 

4.24±128.9 
A 

- 15.11±75.14 
A 

- SE±M 

(122-135) = (80-53.5) - Rang 

21 - More  
Than  
4year 
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the first hour -75.14mm/hr and 24 hours 85.20-
128.9mm/hr.  

The average concentration of copper in blood 
serum in healthy buffalo males was 13.91-15.29 
µmol/dl. In healthy females, the rate was 15.20-15.82 
µmol/dl. As for infected males, the rate was 12.37-
16.40 µmol/dl, and for infected females, at 12.11-13.09 
µmol/dl. Its rates differed in infected buffaloes 
according to each type of anemia, as it reached 7.33-
9.79 µmol/dl in microcytic oligomers, as shown in Table 
5.  

The mean concentration of iron in blood serum in 
healthy buffalo males was 25.88-27.30 µmol/dl; in 
healthy females, the rate was 26.44-26.66 µmol/dl. As 
for infected males, the rate was 14.49-17.30 µmol/dl, 
and for infected females, at 12.43-13.72 µmol/dl. Its 
rates in infected buffaloes according to each type of 
anemia, reaching 8.90-10.08 µmol/dl in microcytic 
oligomers, as shown in Table 6.  

The results showed that the rate and extent of iron 
and copper in the healthy cases of the three age 
groups fall within the global normal range, and there 
are no statistical differences between males and 
females, as shown in Table 6.  
DISCUSSION  

The present study showed, in the case of 
comparison between males and females, that there are 
statistical differences at the level (p<0.05) between 
males and females in temperature, pulse, and 
respiration for cases with anemia in the age groups 
less than 1 years and 1-4 years, and there are also 
statistical differences at the level (p<0.05) between the 
age groups less than 1 years and 1-4 years in relation 
to temperature, as the average temperature was 39.60 
for the age group less than 1 compared with the age 
group 1-4 years old, when the average temperature 
was 39.22, while the pulse and respiration were high in 
the age group 1-4 years, where the pulse rate was 92 
and respiration 36, compared to the age group less 

Table 5: Average Values of Iron and Copper for Healthy Buffaloes According to Age and Sex 
µmol /dl Fe Cu µmol /dl Number 

F M F M 

SE±M 
Rang F M 

Age 

0.90± 26.65 
A 

0.84± 25.88 
b 

0.85± 15.20 
 A 

0.73± 13.91 
b 

SE±M 

(37-21) (19-36) (17-13.5) (20-12) Rang 

14 13 Less than 1 
year 

0.86± 26.60 
A 

0.91± 27.30 
a 

0.78± 15.78 
 A 

0.82± 15.29 
a 

SE±M 
 

(32.5-18) (29-25) (21.5-13) (18-12.5) Rang 

20 9 1-4 
years 

0.81± 26.44 
A 

- 0.76± 15.82 
A 

- SE±M 

(31-23.4) - (17-13.75) - Rang 

39 0 More  
Than  
4year 

 
Table 6: Iron and Copper Levels for Anemic Buffaloes by Age and Sex 

Number Cu µmol /dl µmol /dl Fe 
Age 

F M 

SE±M 
Rang F M F M 

SE±M 0.64±13 
a 

0.62± 12.37 
b 

0.65± 13.72 
A 

0.67± 14.49 
b 

Less than 1 year 5 7 

Rang (13.5-9) (14-8.25) (15-7) (16.5-9) 

SE±M 0.62± 12.11 
b 

0.82± 16.40 
a 

0.67± 12.43 
B 

0.86± 17.30 
A 

1-4 year 10 2 

Rang (13-9.5) (19-10.5) (13.25-8) (21-10) 

SE±M 0.70± 13.09 
a 

- 0.68± 13.53 
A 

- More than 4 year 21 - 

Rang (13.8-11.2) - (15-8.75) - 
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than 1 years, when it reached Pulse rate 66.74 and 
respiration rate 32.97. The reason for the rise, which is 
the opposite of expectation (as the pulse and 
respiration usually rise at young ages), may be 
attributed to the small number of animals taken for 
males, which does not constitute a statistical value. By 
examining 140 blood samples, it was found that there 
are 45 cases suffering from anemia, i.e., 32.12% of the 
total blood samples. The reason for this is the presence 
of blood parasites that are usually active in the summer 
due to the presence of ticks, which are the main 
carriers of many diseases.  

The research results did not agree with what was 
mentioned by 10 that the ESR values in the infected 
buffalo varied between 57-111mm/hr in the first hour. 
The sedimentation rate of erythrocytes may explain 
that it is affected by the following: The presence of 
electric charges on The surface of red blood cells and 
the number of red blood cells per unit volume of blood. 
The results of measuring the sedimentation rate of red 
blood cells for blood samples taken from buffaloes 
showed an increase in the sedimentation rate of red 
blood cells, and this could be explained by changes in 
the difference in the negative electrical charges on the 
surface of blood cells Erythrodermas, and related to 
changes in the positive charges of plasma and plasma 
colloids, which leads to possible physical and chemical 
changes on the surface of red blood cells and occurs 
due to inflammatory diseases that cause the formation 
of dead and shattered tissues, which leads to 
aggregation of red blood cells and leads to an increase 
in fibrinogen in the plasma that plays a role in an 
increase in the rate of sedimentation Erythrocytes, as 
indicated by both [8]. As for the varying degrees of 
plasma color from pale yellow to orange, this may 
explain the cases of (Hyperbilirubinemia) and be due to 
cases of hemolysis, diseases of the gastrointestinal 
tract that cause the return of bilirubin, type Food intake 
(carotenoids and xanthophylls), states of hunger as 
indicated [5]. Poikilocytes, which are related to 
endothelial breakdown and/or fibrin storage, are also 
observed during infectious diseases, inflammation, or 
tumors in multi-vascular organs such as the lung, liver, 
spleen, kidney, bone marrow, and placenta. (during the 
last trimester of pregnancy), and this is consistent with 
what was indicated by [7, 9, 10]. Researchers have 
confirmed that a lack of protein in food or damage to 
the liver leads to a decrease in the amount of 
fibrinogen and most globulins in plasma, which delays 
the process of erythrocyte sedimentation [11].  

The study showed a decrease in the value of serum 
iron in all diseased groups compared to healthy cases, 

followed by a decrease in the degree of saturation of 
transferrin, which is the protein responsible for 
transporting iron in the body, and an increase in the 
total iron binding capacity and the unsaturated iron 
binding capacity for all diseased cases, and these 
results are similar to what was mentioned by both [12, 
13]. The toxicity of infections and pathological 
secretions lead to a short life of red blood cells, Which 
increases the catabolism of iron and its conversion to 
ferritin, which turns into hemosiderin deposited in 
tissues [14]. It has also been explained that continuous 
and chronic bleeding affects iron stores in the body and 
blood, in addition to the lack of absorption from the 
intestines due to digestion problems or the presence of 
toxic substances that impede iron absorption [6]. The 
imbalance may be in the use of iron stores, and one of 
its causes is copper deficiency. The results of 
examining the concentration of iron and copper in the 
serum amounted to 8.90-10.08µmol/dl and 7.33-
9.79µmol/dl, respectively, which we obtained through 
research for the type of microcytic anemia. Al-Sabbagh 
confirms that there is a decrease in the concentration 
of iron and/or copper in the serum of buffaloes affected 
with this type of anemia when comparing the results of 
the tests we obtained for iron and copper with the 
results of the healthy buffalo, and this is consistent with 
what was indicated by [4, 5]. However, the results of 
the study did not agree with what was indicated by [15], 
which may explain and indicate an increase in copper 
during pregnancy and a decrease during lactation due 
to the demand from the fetus at different periods of 
pregnancy, and the reason for the difference may be 
due to environmental conditions as well as the amount 
of copper provided to the animal through the diet and 
fodder. The reason may be mainly due to its deficiency 
in the soil, Which leads to a decrease in animal diets.  

CONCLUSION 

In conclusion, this comprehensive study aimed to 
classify anemia cases in the Iraqi water buffalo 
population through clinical, hematological, and 
elemental analyses. The research was based on 
collecting 140 blood samples from buffaloes in 
Nasiriyah Governorate pastures, randomly selected 
from three age groups: less than 1 year, 1-4 years, and 
over 4 years. Analysis of these samples demonstrated 
that 32.12% of the cases exhibited anemia, while 
67.88% were healthy.  

The anemia cases were further characterized based 
on phenotypic classification, including microcytic 
hypochromic, macrocytic hypochromic, normocytic 



110     Journal of Buffalo Science, 2023, Vol. 12 Lateaf et al. 

hypochromic, and normocytic anemias. Erythrocyte 
sedimentation rate (ESR) was remarkably increased in 
anemic buffaloes compared to healthy ones. Notably, 
anemia cases displayed distinct variations in neutrophil 
counts among white blood cell differentials. 

Between the three age groups, considerable 
decreases in hemoglobin (Hb), packed blood cell 
volume (PCV), and total red blood cell count (RBC) 
were observed in anemic buffaloes than in healthy 
counterparts. Interestingly, while most anemia cases 
showed average iron concentrations, microcytic 
anemia displayed lower iron levels, particularly in the 1-
4 and >4 age groups, even reaching the minimum 
global normal range in the <1 year age group. Copper 
concentrations remained mainly within the normal 
range, except for microcytic anemia, which exhibited 
reduced levels across age groups.  

This research sheds light on various aspects of 
anemia in Iraqi water buffaloes. It highlights the 
prevalence of different anemia types, age-related 
variations, and significant hematological deviations in 
anemic buffaloes compared to healthy ones. The study 
contributes valuable insights into the impact of anemia 
on buffalo health and productivity. By deepening our 
understanding of anemia in this population, the 
research provides essential information for future 
diagnostic and management strategies to improve 
buffalo welfare and optimize productivity.  
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