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Abstract 
This study investigates the relationship between intestinal parasites in Oreochromis niloticus and their hematology parameters from Ureje Reservoir, Ado-Ekiti, Nigeria. Hematological parameter have always been used to check the wellbeing of animals in general. A total of 240 fish were examined for intestinal parasitic infections using both microscopic and molecular methods. Concurrently, physico-chemical parameters of the reservoir water including pH, temperature, turbidity, dissolved oxygen, and phosphate were assessed to evaluate ecological influences on parasite occurrence. The results revealed an overall infection prevalence of intestinal parasites with Schistosoma, Ascaris, Ancylostoma, and Eustrongyloides species identified. Though all measured water quality parameters were within WHO/FEPA permissible limits, phosphate levels approached the upper acceptable threshold, indicating possible nutrient enrichment. Infected fish exhibited significantly lower red blood cell counts, hemoglobin concentrations, packed cell volumes, and condition factors, along with elevated white blood cell counts, compared to uninfected individuals (P < 0.01). These hematological alterations and reduced physiological condition suggest compromised fish health due to parasitism.
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INTRODUCTION
Freshwater habitats are dynamic systems in which interactions among abiotic and biotic components significantly affect the productivity and health of aquatic life (Bănăduc et al., 2024). Among these factors, studies have established that the environment influences the incidence of parasitic infestations among fish species in ecologically sensitive and anthropogenically perturbed water bodies (Overstreet, 2021; Giari, Castaldelli and Timi, 2022). Oreochromis niloticus (Nile Tilapia), a commercially cultivated and consumed fish species in Nigeria, is highly susceptible to parasitic infestations, most commonly aggravated by changes in water quality parameters and ecological perturbations (Radwan et al., 2022). The health of this economically valuable species is not merely of concern with regard to aquaculture yields but public health as well, owing to the zoonotic possibilities of a number of fish-borne parasites (Radwan et al., 2022)
Fish hematology, the study of fish blood, is a valuable tool for assessing fish health, physiological status, and environmental impacts. It involves analyzing various blood parameters, including red blood cell counts, hemoglobin levels, hematocrit, and white blood cell counts, as well as biochemical indices. These parameters can be used to diagnose diseases, monitor the effects of stress, and assess the overall health of fish populations. The complete blood cell count (CBC) is an important and powerful diagnostic tool as well as a component of a minimum database. It can be used to monitor the health status of fish in response to changes related to nutrition, water quality and disease an in response to therapy.
Materials and Method
Study Area
Ureje Reservoir is a significant water body located in Ado Ekiti, the capital of Ekiti State, a city in southwestern Nigeria. Ureje Reservoir is an artificial lake created to provide potable water to the ever-growing city of Ado-Ekiti. The river has a length of about 17 kilometers and flows through several communities in Ado Ekiti. The river is a major source of water for domestic, agricultural, and industrial activities in the area (Owokotomo et al., 2020) Fig.1. The construction of the reservoir was completed in 1973, and it started serving the city and its environs in 1974. The Ureje Reservior is situated in the northeastern part of Ado-Ekiti, covering an area of approximately 100 hectares. 

Sample collection
The sample size for this study was determine by Cochran’s formula (Cochran, 1977), A total number of 240 Oreochromis niloticus was purchased from the fishermen at the landing site of Ureje reservoir, Ado-Ekiti. 
Parasite Examination
The collected fish sample were dissected through making a cut on the ventral side from the anal opening to the lower jaw to expose the alimentary canals. The intestine was cut open for collection of faces, and was examined with the use of hand lens for macro parasites. Specimens of the fecal samples was stained with iodine and examined under the microscope (X 400) for cysts and vegetative forms of parasites. Parasites were identified using the fact sheets on pictorial guide on fish parasites. 
Haematological Analysis
Haematological analyses were performed to assess the physiological impact of parasitic infections on the fish. Approximately 2.5 mL of blood was collected from the caudal vein using a 5 mL syringe and transferred into EDTA-treated tubes to prevent clotting. Blood samples were kept on ice and analyzed within three hours. Red blood cell (RBC) and white blood cell (WBC) counts were performed using a Neubauer hemocytometer. Haemoglobin concentration was determined using the cyanmethaemoglobin method, while packed cell volume (PCV) was measured using the microhaematocrit centrifugation technique. These parameters provided indicators of anemia, immune response, and general health status, and were compared between infected and uninfected fish to evaluate the systemic effects of parasitic infestations.
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Fig 1 : Haematological analyses 

Statistical Analysis
Descriptive statistics were computed for water quality parameters and parasitological findings. Differences in haematological parameters and condition factors between infected and uninfected fish were analyzed using one-way ANOVA with a significance threshold set at p < 0.05. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., USA).










RESULTS
Physico-Chemical Parameters of Ureje Reservoir
The physico-chemical properties of Ureje Reservoir water are summarized in Table 1. The pH values across the four sampling points ranged from 7.66 to 7.68, with a mean of 7.67 ± 0.01. Temperature ranged from 27.1°C to 27.43°C, with a mean of 27.31 ± 0.07°C. Turbidity values varied from 0.28 to 0.33 NTU, with a mean of 0.30 ± 0.01 NTU. Dissolved oxygen ranged from .19 to 7.29 mg/L, averaging 7.23 ± 0.02 mg/L. Phosphate concentrations were between 70.79 and 70.89 mg/L, with a mean of 70.83 ± 0.02 mg/L. All measured values were within WHO/FEPA permissible limits for freshwater ecosystems.
Table 1. Physico-chemical parameters of Ureje Reservoir.
	Pysico-chemical parameters
	Point 1
	Point2
	Point 3
	Point 4
	Mean
	Standard error
	WHO/FEPA standards

	pH
	7.66
	7.67
	7.66
	7.68
	7.67
	± 0.01
	7.0-8.5

	Temprature (°C)
	27.33
	27.43
	27.1
	27.39
	27.31
	± 0.07
	30-32

	Turbidity (NTU)
	0.31
	0.33
	0.28
	0.29
	0.30
	± 0.01
	1

	Dissolved oxygen (mg/L)
	7.19
	7.20
	7.29
	7.25
	7.23
	± 0.02
	≥5

	Phosphate (mg/L)
	70.87
	70.84
	70.79
	70.81
	70.83
	± 0.02
	≤ 75



WHO – World Health Organization; FEPA – Federal Environmental Protection Agency Standard Values






Haematological Parameters of Oreochromis niloticus
The results of haematological assessment are shown in Table 2. The Red Blood Cells, RBCs (1.91 ± 0.01) and the Haemoglobin, Hb (10.47 ± 0.10) reduced in the infected Oreochromis niloticus compared to the uninfected ones (2.50 ± 0.05), (12.55 ± 0.05). The White Blood Cells WBCs, are reduced in uninfected Oreochromis niloticus (22.30 ± 0.37) however, it increases in infected ones (19.18 ± 0.11). While PCV increased in the uninfected Oreochromis niloticus (29.10 ± 0.38) and reduced in infected ones (23.70 ± 0.33).

Table 2: The Hematological Indices of Infected and Uninfected Oreochromis niloticus from Ureje Reservoir
	Haematological indices
	Fish (Oreochromis niloticus)
	ANOVA single factor

	
	Uninfected
	Infected
	F value
	P value

	RBCs (×106 cell/mm3)
	2.50 ± 0.05
	1.91 ± 0.01
	138.07
	< 0.01⁎⁎

	WBCs (×103 call/mm3)
	19.18 ± 0.11
	22.30 ± 0.37
	66.91
	< 0.01⁎⁎

	Hb (g/dl)
	12.55 ± 0.05
	10.47 ± 0.10
	310.17
	< 0.01⁎⁎

	PVC (%)
	29.10 ± 0.38 
	23.70 ± 0.33
	114.10
	< 0.01⁎⁎



Key: RBCs – Red Blood Cells; WBCs – White Blood Cells; Hb – Hemoglobin; PCV – Packed Cell Volume
** - Highly Significant at P < 0.01 









Condition Factor
The condition factor (Table 3) of infected fish ranged from 3.73 to 4.38, with a mean of 4.0 ± 0.05. In contrast, uninfected fish had higher values ranging from 4.73 to 6.91, with a mean of 5.6 ± 0.01. This indicates a significant reduction in the physical condition of infected individuals.
Table 3. Condition factor (K) of infected and uninfected O. niloticus from Ureje Reservoir.
	Infection Status
	K Range
	Mean ± SE

	Uninfected
	4.73–6.91
	5.6 ± 0.01

	Infected
	3.73–4.38
	4.0 ± 0.05




Discussion of Findings
The result of this research is to determine the effect of prevalence of parasite on the hematology in Oreochromis niloticus from Ureje Reservoir, Ado-Ekiti, Nigeria. Although the physico-chemical parameters assessed were within acceptable limits defined by the World Health Organization and Federal Environmental Protection Agency (WHO/FEPA), the relatively high phosphate concentration near the upper permissible limit suggests potential nutrient enrichment of the water body. Elevated phosphate levels can lead to increased primary productivity and organic matter, which in turn support the proliferation of intermediate hosts such as snails and oligochaetes that are critical to the life cycles of many intestinal parasites (Overstreet et al., 2021, Jerônimo et al., 2022).
In the absence of any external lesions or deformities in infected fish, there were serious haematological changes observed. Infected fish possessed significantly lower packed cell volume, hemoglobin levels, and red blood cell counts when compared with uninfected counterparts. This is in accordance with findings that show anemia and overall haematological depression as prevalent consequences of intestinal parasitism in fish due to blood loss, nutrient diversion, and tissue damage as a result of parasitic activity (Radwan et al., 2021; Nashaat and Maghawri, 2022). The increased white blood cell count among infected fish is indicative of an immunological response as an indicator of systemic inflammation or infection as leukocytosis is usually linked with parasite-related stress (Colman et al., 2021). The lower condition factor recorded in infected O. niloticus further validates the adverse effect of parasitic load on fish health. Condition factor is a standard parameter for general health status and nutritional condition of fish (Joyson Paul et al., 2025). Fish with low K values tend to be physiologically stressed and likely suffer from stunted growth, low reproductive success, as well as high mortality (Menon et al., 2023). Condition factor decrease as recorded in this study is supported by the observations of Nnabuchi et al. (2015), which revealed that long-term parasitic infestations cause impaired nutrient assimilation and metabolic inefficiency in infected fish.

RECOMMENDATIONS
The findings from this research emphasize the need for integrated management of water bodies like Ureje Reservoir. Regular environmental monitoring, improved sanitation infrastructure, and public awareness campaigns are recommended to limit contamination and break the life cycle of zoonotic parasites. In addition, aquaculture practices in the region should incorporate biosecurity measures and health monitoring to reduce economic losses and safeguard public health.
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