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MICROBIOLOGICAL PROFILE OF FUNGI ISOLATED FROM GWAGWALADA RIVER EXPOSED TO KUTUNKU ABATTOIR, ABUJA


ABSTRACT
Aim: This study assessed the fungal microbiological profile of the Gwagwalada River, which is influenced by effluent from the Kutunku abattoir, Abuja, to evaluate water quality and potential public health risks.
Methods: Water samples were collected from three designated sites (A, B, and C) at a depth of 30 cm from the Gwagwalada river and transported on ice to the Biotechnology Advanced Research Centre of the Sheda Science and Technology Complex, Abuja for further analysis. Fungal isolation was performed using Sabouraud Dextrose Agar and Broth supplemented with 0.1g Chloramphenicol. Fungal identification was confirmed via ITS region sequencing. Antifungal susceptibility testing was conducted using standard protocols, and statistical analysis was performed with one-way ANOVA (SPSS v30.0).
Results: Fungal loads at points A, B, and C were 3.5 × 10⁶, 3.9 × 10⁶, and 1.82 × 10⁷ CFU/mL, respectively, with significant differences observed among sites (p < 0.01). Molecular analysis identified Fusarium oxysporum, Aspergillus niger, and Aspergillus flavus as dominant species. All isolates exhibited 100% susceptibility to clotrimazole, ketoconazole, and nystatin.
Conclusion: The high fungal load and presence of potentially pathogenic species indicate significant water quality deterioration in the Gwagwalada River, likely associated with abattoir effluent, posing a potential public health risk. Monitoring and mitigation strategies are recommended to safeguard community health.
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INTRODUCTION
Safe and clean water is fundamental for human health, agriculture, and ecosystem functioning (Vega et al., 2023). However, water resources are increasingly threatened by population growth, urbanization, and anthropogenic activities, which elevate pollution and reduce water quality worldwide (Vega et al., 2023). Contaminated water and poor sanitation remain major contributors to disease, with waterborne pathogens causing gastrointestinal illnesses and other infections, particularly in low- and middle-income countries (Al-Afify et al., 2023).
Abattoirs generate substantial volumes of effluent containing organic matter, blood, fats, and microbial contaminants. When discharged untreated into rivers, these effluents can alter physicochemical properties and elevate microbial loads, posing ecological and public health risks (Ndukwe et al., 2023; Bakare‑Abidola et al., 2025). Several studies have documented increased nutrient loads, elevated biochemical oxygen demand, and microbial proliferation, including fungi, in water bodies receiving abattoir waste (Ndukwe et al., 2023; Bakare‑Abidola et al., 2025).
Fungi are ubiquitous eukaryotes found in soil, water, air, and living organisms. In aquatic environments, fungi contribute to nutrient cycling and organic matter decomposition, but their presence can also indicate contamination and potential health hazards when pathogenic or toxigenic species are present (Weldon, 2025). Filamentous fungi such as Aspergillus, Fusarium, and Penicillium have been isolated from surface and drinking water, with some species capable of producing mycotoxins harmful to humans and animals (Hussain et al., 2024; Buitrago-Zuluaga et al., 2025). Recent evidence also highlights the occurrence of multidrug-resistant fungal species in surface waters, emphasizing the importance of antifungal susceptibility monitoring for water safety (Titilawo et al., 2025).
Anthropogenic activities, including wastewater discharge, agricultural runoff, and organic waste inputs, significantly influence fungal contamination in aquatic systems (Ramadan & Harb, 2025). Such contamination can alter microbial community composition, reduce overall water quality, and present potential health risks, underscoring the need for systematic monitoring and molecular identification of fungi (Nkenna, 2023; Nwogwugwu et al., 2024; Ramadan & Harb, 2025). In Nigeria, studies have reported filamentous fungi and resistant strains in wells and surface water used for domestic purposes, raising public health concerns (Nkenna, 2023; Nwogwugwu et al., 2024).
Despite these findings, data on fungal contamination in rivers affected by abattoir effluents in the region remain scarce. This study aimed to assess the microbiological profile of fungi in the Gwagwalada River exposed to Kutunku abattoir effluent in Abuja, Nigeria. Specifically, it evaluates fungal prevalence, species diversity, and antifungal susceptibility to better understand water-quality deterioration and the potential public-health risks associated with abattoir pollution.
MATERIALS AND METHODS
Study Area
This study was conducted around Gwagwalada town, Gwagwalada Area Council, Federal Capital Territory (FCT), Nigeria. Water samples were collected from a river receiving effluents from the Gwagwalada abattoir. Gwagwalada is located between longitudes 7°5’15”E and 7°8’45”E and latitudes 8°57’45”N and 9°00’00”N, covering an area of 1,744 km² (Priscillia et al., 2021).

Study Design
A cross-sectional study employing systematic random sampling was used, adapted from Iweriolor and Anyim (2023) with slight modifications. Water samples were collected from three sites along the river flow:
· Point A: Upstream above the abattoir effluent discharge
· Point B: Effluent discharge point
· Point C: Downstream of point B
Sampling points were approximately 100 meters apart. Two samples were collected per site, ensuring that each portion of the study population had an equal and independent chance of contributing to the fungal isolates.

Sample Collection
Water samples were aseptically collected at approximately 30 cm below the surface into sterile bijou bottles, following Seng et al. (2018). Samples were labelled, transported in dark-cold containers, and analyzed at the Biotechnology Advanced Research Centre, Sheda Science and Technology Complex (SHESTCO), Kwali, FCT.

Sterilization and Media Preparation
Glassware and bottles were sterilized in an autoclave at 121°C for 15 minutes. Inoculating loops were flame-sterilized, and work surfaces were disinfected with 70% ethanol. Sabouraud Dextrose Agar (SDA) was prepared according to the manufacturer’s instructions and supplemented with 0.1 g chloramphenicol to suppress bacterial growth (Abana et al., 2024). Media were autoclaved at 121°C for 15 minutes, cooled to 45–50°C, poured into sterile plates (4 mm depth), swirled gently, and allowed to solidify before use (Iweriolor & Anyim, 2023).

Sample Preparation
Serial dilutions were prepared for each water sample. One milliliter (1 mL) of water was added to 9 mL of sterile water to achieve a 10⁻¹ dilution. Subsequent 10-fold dilutions were prepared up to 10⁻⁵ by transferring 1 mL from the previous dilution into 9 mL sterile water.

Isolation and Identification of Fungi
One milliliter of each water sample was inoculated into 9 mL sterile chloramphenicol-spiked Sabouraud Dextrose Broth and incubated for 72 hours at room temperature to maintain microbial viability. Serial dilutions were then plated on SDA in triplicate, and plates incubated at 28 ± 2°C in an inverted position until visible growth occurred. Fungal isolates were preserved on SDA slants at 4°C for subsequent analysis (Abana et al., 2024). Colony-forming units (CFU/mL) were enumerated, and fungal load statistically estimated.

Morphological Examination of Fungi
Fungal species were preliminarily identified based on colony morphology and microscopic characteristics. Lactophenol cotton blue staining was used for microscopic examination. A small portion of fungal mycelium was placed on a slide with lactophenol cotton blue, covered with a cover slip, and observed under x40 and x100 objectives. Species were identified by comparing morphological features to standard fungal atlases (Manir et al., 2020; Abana et al., 2024).

Antifungal Susceptibility Testing
The agar well diffusion method on SDA was used to evaluate antifungal susceptibility (Ogbonna et al., 2022). Test isolates were regrown for 18–24 hours, spores harvested, suspended in sterile water, and standardized to 0.5 McFarland turbidity. A 0.1 mL aliquot of spore suspension (10⁴ dilution) was spread on SDA plates. Agar wells (8 mm) were filled with 0.1 mL antifungal agents (clotrimazole, ketoconazole, nystatin) at concentrations of 25 and 50 mg/mL (two-fold dilution). Plates were incubated at 25°C for 72 hours. Zones of inhibition were measured and interpreted as susceptible, intermediate, or resistant based on CLSI (2020) criteria (Ogbonna et al., 2022).

Percentage occurrence of susceptibility was calculated as:


Molecular Identification of Fungi
Genomic DNA Extraction
Fungal isolates were sub-cultured on SDA for 120 hours at 28 ± 2°C. Genomic DNA was extracted using the CTAB method (Eke et al., 2023). Fungal mycelium was ground, mixed with 700 µL pre-warmed CTAB buffer, and incubated at 65°C for 60 min with intermittent vortexing. Chloroform:isoamyl alcohol (600 µL) was added, centrifuged at 14,000 rpm for 5 min, and the supernatant precipitated with ice-cold isopropanol at −20°C for 60 min. DNA pellets were washed with 70% ethanol, dried, re-suspended in 100 µL nuclease-free water, and stored at 4°C.

Agarose Gel Electrophoresis
A 1% agarose gel with 5 µL ethidium bromide in 50 mL 1× TBE buffer was prepared. DNA samples and a 1 kb ladder were loaded, and electrophoresis was conducted for 45 min. DNA bands were visualized using an Alpha Innotech Gel Documentation System.

PCR Amplification
ITS region amplification was performed using ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') primers (Inqaba Biotech, South Africa). Reaction mix (24 µL) contained 12.5 µL DreamTaq PCR master mix, 300 ng DNA, 0.4 µM primers, and 2 µL nuclease-free water. PCR conditions: initial denaturation 94°C for 5 min; 30 cycles of 94°C (denaturation, 60 s), 52°C (annealing, 60 s), 72°C (extension, 60 s); final extension 72°C for 10 min; storage at 4°C (Iweriolor & Anyim, 2023). Amplicons were checked on 1% agarose gel and visualized as described above.

Sequence Determination
PCR products were purified using Zymo PCR Clean-up Kits and sequenced with an ABI 13130 automated sequencer (Inqaba Biotec, Ibadan, Nigeria). Sequences were compared to GenBank ITS and 16S rRNA sequences using BLAST for species identification.

Statistical Analysis
Data were analyzed using one-way Analysis of Variance (ANOVA) in SPSS v30.0 at p < 0.05.

RESULTS
The water samples collected from the three sampling points along the Gwagwalada River were subjected to microbiological analysis, and the fungal colonies were examined, with representative cultures shown in Plate 1. The isolates were tentatively identified as Fusarium oxysporum, Aspergillus niger, and Aspergillus flavus. Table 1 summarizes the macroscopic and microscopic morphological characteristics of the fungi recovered from the river water. Fungal species were detected at all sampling points: point A (upstream above the abattoir effluent discharge), point B (the effluent discharge point), and point C (downstream of the discharge point), indicating the presence and distribution of these fungi along the river continuum.

Table 1. Macroscopic and Microscopic Characteristics of Fungi isolated
	Isolates
	Macroscopy
	Microscopy
	Suspected organism

	PAF
	White colony with smooth edge, tuft surface and reverse side of the plate was brownish in color.
	Short conidiophores, slightly sickle-shaped macroconidia, and Multiseptate with 3-5 septate.
	Fusarium oxysporum


	
	
	
	

	PAF
	Colony were black, spread widely with whitish edge, densely spongy surface and plate reverse side was brown in color.
	Conidiophore were long, erected from the vesicle base with smooth hyaline and globe conidial heads.
	Aspergillus niger

	
	
	
	

	PBF
	Colony were black, spread widely with whitish edge, densely spongy surface and plate reverse side was brown in color.
	Long conidiophore, erected from the vesicle base having smooth hyaline and conidia had globe shape.
	Aspergillus niger

	
	
	
	

	PCF
	Whitish colony, smooth edge, tuft surface and plate reverse side was brownish.
	Short conidiophores, slightly sickle-shaped macroconidia, and multiseptate with 3-5 septate.
	Fusarium oxysporum

	
	
	
	

	PCF
	Colony surface was granular, Olive green with white edges, and greenish coloration on the reverse of the plate.
	Conidiophore was thick walled,   hyaline, erect, long, aseptate with vesicle at the top and having short conidial chains.
	Aspergillus flavus



Table 2 presents the total fungal counts obtained from water samples collected at the three sampling points along the Gwagwalada River, which receives effluent from the Kutunku abattoir. The mean fungal plate counts (FPC) were highest at point C (downstream; 1.82 × 10⁷ CFU/mL), followed by point B (effluent discharge point; 3.9 × 10⁶ CFU/mL), and lowest at point A (upstream; 3.5 × 10⁶ CFU/mL), indicating a progressive increase in fungal load downstream of the abattoir discharge.
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Plate 1. Fungal plates (A: Fusarium oxysporum, B: Aspergillus niger, C: Aspergillus flavus)                                 


Table 2. Total fungal count
	Sample
	Point A
	Point B
	Point C

	FPC (CFU/ml)
	3.5 * 106
	3.9 * 106
	1.82 * 107

	P-value
	< 0.05
	
	


 Key: FPC = Fungal Plate Count, CFU/ml = colony forming units per ml


Table 3 shows the antifungal susceptibility profile of the fungal isolates recovered from the Gwagwalada River. All isolates, including Fusarium oxysporum, Aspergillus niger, and Aspergillus flavus, exhibited complete susceptibility to the tested antifungal agents, clotrimazole, ketoconazole, and nystatin, indicating their effectiveness against the river borne fungal species assessed in this study.


Table 3. Antifungal susceptibility profile of fungal isolates (mm)
	Isolate
	CLO
	KET
	NYS

	Fasarium oxysporum
	25 (S)
	13 (S)
	23 (S)

	Aspergillus niger
	21 (S)
	10 (S)
	20 (S)

	Aspergillus flavus
	22 (S)
	23 (S)
	24 (S)


Key: CLO = Cotrimazole, KET = Ketoconazole, NYS = Nystatin, S = Susceptible

Table 4 presents the percentage occurrence of antifungal susceptibility among the fungal isolates recovered from Gwagwalada River. The data indicate that all isolates, including Fusarium oxysporum, Aspergillus niger, and Aspergillus flavus, were 100% susceptible to the antifungal agents tested, clotrimazole, ketoconazole, and nystatin, demonstrating the consistent efficacy of these drugs against the river borne fungi.


Table 4. Percentage occurrence of the antifungal susceptibility tests on isolated 
	Antifungal
	Number of Susceptible Fungal
	Total number of Fungi
	Percentage Occurrence (%)

	Clotrimazole
	3
	3
	100

	Ketoconazole
	3
	3
	100

	Nystatin
	3
	3
	100



Table 5 presents the molecular characterization of the fungal isolates from Gwagwalada River. BLAST analysis identified the isolates as Aspergillus niger (JX110160.1), Aspergillus flavus (FJ654479.1), and Fusarium oxysporum (JX089402.1). Agarose gel electrophoresis, performed in duplicate, and PCR amplification of genomic DNA are shown in Plate 2, confirming successful molecular identification.

Table 5. Molecular identities of isolated fungi
	S/N
	Subject
	Query ID (%)
	Query Cover (%)
	E-value
	Query Length
	Accession No.

	1
	Aspergillus niger
	99.46
	99
	0.0
	556
	JX110160.1

	2
	Aspergillus flavus
	94.27
	100
	0.0
	437
	FJ654479.1

	3
	Fusarium oxysporum
	99.72
	100
	0.0
	357
	JX089402.1
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Plate 2: Agarose gel electrophoresis, A = Genomic DNA (gDNA), B = DNA Amplification (PCR)



DISCUSSION
The present study investigated the fungal microbiological profile of water in the Gwagwalada River receiving effluent from the Kutunku abattoir, Abuja, revealing high fungal loads and the presence of potentially pathogenic species such as Fusarium oxysporum, Aspergillus niger, and Aspergillus flavus. The findings have important implications for river water quality and public health, echoing broader trends in aquatic fungal contamination observed globally.
Fungi are natural components of aquatic ecosystems where they facilitate organic matter decomposition and nutrient cycling, yet elevated concentrations often reflect anthropogenic pollution. Research has increasingly shown that surface waters serve as reservoirs for diverse fungal communities, including opportunistic pathogens (Titilawo et al., 2025). In Nigeria, surface waters impacted by human activities have been demonstrated to harbor multidrug-resistant fungal species, indicating that contamination is widespread and not limited to clinical settings (Titilawo et al., 2025). 
The significantly higher fungal counts downstream of the abattoir in this study align with patterns of contamination reported in coupled wastewater or water body systems. Studies show that untreated abattoir effluents contribute organic matter and nutrients that stimulate microbial growth, potentially altering aquatic microbial community structures (Chinakwe et al., 2022). Abattoir effluent is known to elevate biological and chemical pollutants in receiving waters, thereby degrading water quality. Although many studies focus on bacteria, less attention has been given to fungal contamination despite its health relevance. Research on wastewater discharge highlights that slaughterhouse waste contains high microbial loads, posing environmental contamination and health risks if untreated (Awari et al., 2025). 
The elevated fungal loads at the effluent discharge and downstream points in this study suggest a direct influence of abattoir waste on microbial proliferation. Such effects are consistent with findings from other regions: abattoir effluents can alter physicochemical conditions like oxygen demand and organic load, creating favorable conditions for fungi (Ndukwe et al., 2023). Although Ndukwe et al. (2023) did not focus on fungi, their work underscores how abattoir pollution disrupts river water quality, which indirectly supports increased microbial colonization.
The occurrence of medically relevant fungi such as Aspergillus and Fusarium in river water raises public health concerns, particularly in communities using untreated river water for domestic or recreational purposes. Aspergillus species are associated with respiratory and allergic diseases, while Fusarium species are known for their opportunistic infections in immune-compromised individuals. Multidrug resistance among surface‑water fungi has been documented recently, illustrating potential challenges for clinical management if infections arise (Titilawo et al., 2025). 
Moreover, fungal contamination in water sources could represent a vehicle for exposure to mycotoxins even where disease is not evident, as indicated by studies on mycotoxin occurrence in drinking water sources (Koko et al., 2024). Although mycotoxins were not directly assessed in the present study, their potential presence in contaminated water supplies underscores the need for comprehensive water safety strategies. 
The finding that all isolates were 100% susceptible to clotrimazole, ketoconazole, and nystatin suggests that at this time, these antifungal agents remain effective against fungi isolated from Gwagwalada River. This contrasts with reports of multidrug‑resistant fungal isolates from surface waters in other Nigerian contexts, where high resistance to multiple antifungals was observed (Titilawo et al., 2025). Such differences might reflect site‑specific factors, including local pollution sources, antibiotic use patterns, or ecological pressures shaping resistance phenotypes. Continued monitoring is therefore essential to detect the emergence of resistance, particularly given the global trend of increasing antimicrobial resistance in environmental fungi. 
Studies examining fungal diversity in aquatic systems underscore the complexity of fungal communities and their sensitivity to environmental gradients. Aquatic fungal assemblages respond to factors like nutrient availability, pH, and organic pollution, which can shift community structure toward pollution‑tolerant and potentially pathogenic taxa (Shen et al., 2025). These dynamics are relevant to understanding the distribution of fungi along the Gwagwalada River, where effluent inputs likely create microhabitats that favor certain species.
Given the potential risks associated with contaminated surface waters, systematic monitoring of fungal contaminants should be integrated into broader water quality assessment frameworks. Regular surveillance can help detect shifts in microbial community composition and emergent resistance patterns, providing early warning for public health interventions. Water treatment measures, including effective effluent management and sanitation infrastructure, are vital to reducing fungal and other microbial pollutants in rivers receiving abattoir waste. Furthermore, public health education on the risks of using untreated river water can help mitigate exposure, especially for vulnerable populations such as children and immune-compromised individuals.

CONCLUSION/RECOMMENDATION
Based on the findings of high fungal loads and the presence of potentially pathogenic species in the Gwagwalada River, it is recommended that comprehensive and continuous microbiological monitoring programs be established. Regular surveillance of fungal populations, including molecular identification and antifungal susceptibility testing, will help detect shifts in community composition and the emergence of resistant strains. Effluent from Kutunku abattoir should undergo proper treatment before discharge to reduce microbial and chemical pollution, and water quality management practices should be enforced by regulatory authorities. Public health awareness campaigns are also essential to educate communities on the risks of using untreated river water for domestic or recreational purposes. Additionally, implementing effective sanitation and wastewater management infrastructure will minimize environmental contamination. Long-term ecological studies on the impact of abattoir effluents on aquatic fungal communities are advised to inform policy decisions and safeguard both human health and ecosystem integrity.
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