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Abstract

The study results showed that the overall infection rate with
Babesia spp. in water buffalo was 41.48%, based on microscopic
examination of blood smears stained with Giemsa stain. The
parasite was characterized by its appearance within red blood cells
as a small, round, or oval shape, sometimes in pairs with a pear-
shaped appearance, staining dark blue under the microscope.
Examination using Acridine Orange stain also demonstrated high
detection power for the parasite, showing the parasite shape as
bright orange-yellowish within infected cells, while healthy cells
appeared green. The study further demonstrated a statistically
significant sex-related difference in infection prevalence (P <0.05),
with females showing a markedly higher infection rate of 52.32%
compared with only 22.44% in males. The study detected infections
which affected all age categories, but three-year-old animals and
above showed the highest infection rate at 73.80%. The research
established that different age groups showed substantial variations
in their infection rates. The results also showed no significant
differences (P>0.05) in infection rates between the regions included
in the study.
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Introduction

Babesia spp. the three parasites represent major hemoprotozoan pathogens which affect ruminants
to cause major health problems and economic losses throughout various hot and subtropical areas
where tick vectors maintain their population (1). The parasites cause disease because they enter
red blood cells to multiply, which results in various blood-related disorders that lead to anemia,
jaundice, fever, weight loss and reduced animal output. The babesiosis develops when this
condition affects specific animal species which act as natural hosts for the parasite. The disease
acts as a major obstacle which prevents livestock development in numerous low- and middle-
income countries (2,3).

The water buffalo (Bubalus bubalis) functions as a vital agricultural asset in Iraq because it
generates substantial milk and meat output, which governorates like Nineveh depend on through
their established buffalo breeding systems. Buffaloes show strong resistance to extreme
environmental conditions, yet they face a high risk of blood-borne parasitic diseases, including
Babesia, which damages their ability to produce and their general health condition (4,5,6).

Research on global epidemiology shows Babesia bovis and Babesia bigemina exist as the main
buffalo-infecting species, which hard ticks from the Hyalomma and Rhipicephalus genera spread
to their hosts. (7,8).

The clinical severity of babesiosis often escalates when co-infections occur with other
hemoparasites such as Theileria spp. The immune system of animals becomes weaker, which
makes them more prone to diseases, while insufficient food supply and environmental stressors
increase their risk of getting sick (9). The combined effects of these infections result in major
economic expenses because they cause decreased milk production, weight reduction, reproductive
issues, death of animals, and higher costs for medical care and tick management programs (10).

Research on babesiosis in Iraqi cattle has expanded, but there is still a lack of studies which focus
on Babesia infections that affect buffalo populations in the Nineveh governorate of northern Iraq.
Epidemiological research needs to study current knowledge gaps because it will reveal disease
transmission patterns, which will help develop specific control strategies for different geographic
locations. This represents a clear knowledge gap, as buffalo herders in the region rely on traditional
breeding and treatment methods, and cases are often diagnosed solely through clinical examination
without the use of accurate laboratory diagnostic techniques. Furthermore, climate change,
increased tick populations, and the expansion of buffalo farming in open, unprotected
environments may lead to higher rates of babesiosis compared to previous years (11,12). Based on
the limited number of studies in this field, this study comes to fill an important knowledge gap by
determining the rate of Babesia infection in buffalo in Nineveh Governorate, with the Detection
of the different species, and an accurate analysis of the influencing epidemiological factors, to
support control programs and improve the health and productivity of buffalo in the region.

Bas J Vet Res, 25(1), 2026
26



Elias and Mohammed

Material and Method

Collecting blood samples

One hundred and thirty-five blood samples were randomly collected from the water buffalo during
field visits to various locations in Nineveh Governorate. The samples included both males and
females of buffalo from different ages. Blood samples (3—5 mL) were collected from the jugular
vein after thoroughly disinfecting the venipuncture site with 70% ethyl alcohol. Sterile, single-use,
air-filled syringes were employed to maintain aseptic conditions and minimize the risk of
contamination during collection. Immediately after collection, the blood samples were placed in
special tubes containing the anticoagulant EDTA. After collection, all samples were transported
in refrigerated boxes containing ice packs to maintain their quality and prevent spoilage during
transport. The samples were subsequently transported to the Parasitology Laboratory at the College
of Veterinary Medicine, University of Mosul, where they underwent comprehensive laboratory
examinations and detailed analytical procedures (13,14)

Microscopic Examination of Blood Samples

Microscopic examination of blood samples was performed. Thin blood smears were prepared from
all 135 samples and subsequently stained with Giemsa to facilitate microscopic identification of
Babesia stages.

1- Preparation of 5% Giemsa Stain
A- Preparation of Giemsa Stock

Giemsa Stock was prepared by mixing 0.75 g of Giemsa powder with 25 mL of glycerin in a
ceramic mortar until a homogeneous paste was formed. The mixture was then incubated for 30
minutes at 37°C, thoroughly mixed with 75 mL of absolute methyl alcohol, and incubated again
for 24 hours at 37°C. (15)

B- Preparation of Giemsa Working Solution

The working Giemsa solution was prepared by diluting 5 mL of the stock reagent with 45 mL of
distilled water, followed by filtration through standard filter paper. The prepared solution was then
stored in dark glass bottles to prevent light-induced degradation before use.

C. Staining Method

All thin blood smears were prepared. The smears were fixed with absolute methyl alcohol for 3—
5 minutes, and the smears were stained with 5% Giemsa for 30—60 minutes, rinsed gently with
water, and allowed to air-dry. Once dried, they were examined under a light microscope at 100x
magnification using immersion oil to facilitate accurate identification of Babesia parasites (15)
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2-Preparation of Acridine Orange (AO) Stain:

Forty blood smears were randomly selected, fixed with absolute methyl alcohol, and stained with
AO (16). Stock 0.5%: Dissolve 50 mg of AO powder in 10 mL of distilled water and store in an
opaque bottle in the refrigerator for 4 weeks.

Working Solution (0.01%): Withdraw 1 mL of the stock solution, add 0.5 mL of glacial acetic
acid, and bring the volume up to 50 mL of distilled water. The stain concentration is 0.01%, and
the pH is 3.

Staining Procedure:

The smear was fixed with alcohol and left to dry, then immersed in working AO solution for two
minutes, rinsed with water, and left to air dry. It was then examined using a fluorescence
microscope (Optika-350B) at the University of Mosul.

Statistical analysis. The chi-square test was used to determine the significant differences in
percentages between the different groups using SPSS version 25. The significance level was
P<0.05.

Results

The results of the study showed that the overall percentage of infection with Babesia spp. Parasites
in buffalo was 41.48%, based on microscopic examination of blood smears stained with Giemsa
stain, where S56cases of infection were diagnosed out of a total of 135 samples in Nineveh
Governorate (Table 1).

The Babesia parasites appeared inside the red blood cells as small, round or oval forms, and
sometimes as paired pear-shaped structures. They stained a dark blue color under microscopic
examination (Fig. 1). In this study, forty blood smears were examined with AO fluorescent stain.
Babesia appeared as a bright orange-yellow within infected red blood cells, while uninfected cells
had a green background.

The parasite was diagnosed in less than two minutes at 4X and 10X magnifications (Fig. 2). The
study demonstrated that the infection rate with Babesia species in females was 52.32% (45/86),
and it is more than in males 22.44% (11/49), with a significant difference (P<0.05). (Table 2).

The results indicated that Babesia infection occurred in all age groups, but with varying prevalence.
A significant difference (P<0.05) was observed between younger and older animals. The highest
infection rate was 73.80% (31/42) in animals older than three years. Animals aged more than one
year showed an infection rate of 32.60 % (15/46), while the lowest rate, 21.27 % (10/47), was
recorded in those younger than one year (Table3).
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The results did not show any significant differences (P >0.05) in the infection rate of Babesia
species according to the areas; the highest infection rate was in the Badoush area (50%) and the
lowest in the Tel Kaif region (26.66%) (Table 4)

Table 1: Prevalence of Babesia spp. in Blood smears of water Buffaloes in Nineveh Governorate.

Number of examined Number of infected Percentage %
buffalo
135 56 41.48

Table 2: Prevalence of Babesia spp. in water buffaloes according to sex.

sex Number of samples Number of positive Percentage %
examined samples
Male 49 11 22.444
Female 86 45 52.328

Distinct superscript letters within the same column indicate statistically significant differences at P < 0.05.

Table 3 :Prevalence of Babesia spp. in blood smears of buffaloes across different age.

Age/year Number of samples Number of Percentage %
examined positive sample
47 10 21.274
<1
>1-3 46 15 32.604
>3 42 31 73.808

Distinct superscript letters within the same column indicate statistically significant differences at P < 0.05.
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Table 4 :Infection rates of Babesia spp. in blood smears of buffaloes based on the study regions

The areas of Mosul Number of samples Number of positive Percentage %
city examined samples
Badoush 20 10 504
Hamidat 15 7 46.66"
Al-Saadoun 10 4 404
slaughterhouse
Hawi Al-Kanisa 13 6 46.15%
Tel Kaif 15 4 26.66"
Tal Asfour 14 6 42.854
Zummar. 13 6 46.15%
sada bieuiza. 12 5 41.66"
Al-Shamsiyat 12 4 33.33A
Alslamia 11 4 36.36"

Distinct superscript letters within the same column indicate statistically significant differences at P < 0.05.
Discussion

Babesia infections in buffalo are a significant epidemiological problem in tropical and subtropical
regions. Buffaloes are more susceptible to infection than some other ruminants due to traditional
husbandry practices and high tick populations in the environment(17).

The results of the current study showed that 41.48% of the buffalo were infected with the Babesia
parasite, a percentage close to that reported by researchers (18) and (19), whose infection rates
were 45.74% and 41.66%, respectively. In contrast, our infection rate was higher than that reported
by researchers (20,21) and (22), who recorded lower infection rates in buffalo of 31.1%, 16%, and
14.5%, respectively. Our study also showed a lower infection rate compared to that reported by
the researcher (23), whose infection rate was 51.28%.

The variation in infection rates compared to other studies may appear to be related to weather
changes, seasonal fluctuations, and age differences, factors that have also been shown to affect
buffalo and many other animals, contributing significantly to reshaping the parasite distribution
map.

Bas J Vet Res, 25(1), 2026
30



Elias and Mohammed

Fig 1: Babesia spp in different forms stained with Giemsa stain (A: amoeboid form; B: ring form,

and C, D: pyriform in acute angle )X100.

The Giemsa-stained blood smears underwent microscopic analysis to show Babesia spp.
intraerythrocytic stages, which were easily detectable. The parasites show their distinct shapes
through pyriform and oval and sometimes double structures, which serve as the main features for
parasite identification. The observed size range of approximately 1-5 pm matches the information
found in standard parasitology references (24,25,26), which confirms that the studied

morphological features match the diagnostic criteria for babesiosis
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Fig2: Blood smear stained with AO showing Babesia parasite at 4X(A) and 10x(B) by using digital

camera .

Acridine orange (AO) staining proved to be an essential diagnostic method which delivered
advantages that surpassed conventional staining techniques. The fluorescence-based technique
provided sensitive results at all magnification levels from 4x to 40%, and it processed big sample
batches quickly because its staining method took under five minutes. The research findings
demonstrate that AO staining provides useful results for large epidemiological studies because it
enables fast diagnostic testing at large scales. The research results support previous studies, which

demonstrated that this method works at the same speed as other methods (27).

The research results showed that infection prevalence between male and female participants
differed significantly because female study participants developed infections at 52.32%, which
exceeded the 22.44% infection rate among male participants. The different immune responses
between pregnant and lactating women are due to the physical demands of pregnancy and lactation,
which weaken their immune systems and make them more susceptible to tick-borne diseases. The
duration of time that females spend with their herds leads to longer tick exposure periods. Research
studies about ruminants under similar management systems have shown that sex-specific patterns

exist according to previous investigations (28,29,30).

The study found that age served as a factor which determined infection risk because older animals

developed the highest number of infections.
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The pattern shows evidence of long-term tick vector contact, which resulted in increased chances
of developing infections. Research conducted earlier has shown that the disease follows similar
age-related patterns, which scientists believe result from multiple tick bites that affect the spread
of babesiosis. The different study sites showed no substantial difference in infection rates, which
indicates Babesia transmission patterns maintain similar patterns throughout the investigated
areas. This finding corresponds with results from previous regional investigations, which similarly
reported that intra-governorate geographic variation does not necessarily produce substantial

differences in infection rates (29,32).
Conclusion

The study indicated that the overall infection rate of Babesia spp. in water buffalo was 41.48%.
Giemsa and Acridine Orange stains proved highly effective in diagnosing the parasite. Significant
differences in infection rates were observed based on sex, favoring females, and also based on age,
with the highest rates observed in animals three years and older. No significant differences were

found between the regions studied.
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