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ABSTRACT 

	Background of the  Study:  Aeromonas hydrophila are gram negative bacilli. They are mostly found in aquatic environments like fresh water, lakes, wastewater, mud water and even drinking water. Aeromonas species are considered as opportunistic waterborne pathogens responsible for acute gastroenteritis and wound infections in humans.
Objective: To isolate and confirm Aeromonas hydrophila  from frequently consumed domestic water. 
Methodology: 50 samples of different water that are frequently consumed domestically were randomly collected from three different areas of Enugu metropolis namely University of Nigeria Enugu Campus, Kenyatta and College road (10 each comprising 5 tank water and 5 well water). Four different brands of sachet water were also used whereby 5 samples were collected from each of them. These samples were cultured on macconkey agar and 1% ampicillin blood agar according to standard microbiological methods. This organism was identified and confirmed by gram reaction and oxidase test respectively.
Results: Results obtained showed that out of the 50 water samples analyzed 12 (12.1%) showed a prevalence of Aeromonas hydrophila. Out of the bacteria genera isolated, Escherichia coli ranked highest with a total prevalence of 18 (18.2%) while Citrobacter species was the least isolated with a prevalence of 2 (2%). 
Statistics: The student t-test used for the statistical analysis showed that there was no statistical significance between Aeromonas hydrophila and the other bacteria isolated, p=5.815 hence p>0.05 .
Conclusion: Aeromonas hydrophila presently exists with other coliforms in frequently consumed water.
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1. INTRODUCTION 

Aeromonas hydrophila is a gram negative, non sporing bacilli found in areas with a warm climate. It can be found in fresh or brackish water and can survive in aerobic and anaerobic environments (Parveen et al., 2015). The first isolates thought to date back to 1891 was reported by Sanarellie and his colleague, they named the bacteria isolate as Bacillus hydrophilusfuscus (currently known as Aeromonas hydrophila) (Fernández-Bravo & Figueras, 2020). There are over 20 different species of Aeromonas, of which the most frequently infecting pathogens are Aeromonas hydrophila, Aeromonas caviaeand Aeromonas veroniibivolarsobria.  Aeromonas hydrophila. These causes a broad spectrum of infections like septicaemia, gastroenteritis, meningitis, endocarditis in humans especially in immunocompromised hosts. Aeromonas species are considered as opportunistic waterborne pathogens responsible for acute gastroenteritis and wound infections in humans and aquatic animals. Although several studies have been carried out with regards to the virulence factors of Aeromonas, many aspects are yet to be properly clarified. Pathogenicity of Aeromonas cannot be ascribed to individual factors because of the wide variety of extracellular enzymes produced by the organism (Janda et al., 2010). They also cause a wide spectrum of diseases among cold-blooded animals including fish, reptiles, amphibians (Tao et al., 2025). The three most common human infections caused by Aeromonas species are gastrointestinal infection, skin and soft tissue infection and bacteremia in immunocompromised individuals (Sánchez et al., 2025; Pessoa et al., 2022; Janda et al., 2010).  Some researchers have attributed human infection to ingestion of food and water harboring these organisms (Carusi et al., 2023) while Jeamsripong et al. (2025) suggested that fish and other aquatic animals that live in contaminated water may serve as a means of transmission of the Aeromonas pathogens. The presence of Aeromonas hydrophila in drinking water supplies is a concern to public health due to their capacity to produce toxins (Fernández-Bravo & Figueras, 2020; Figueras et al., 2005), to colonize biofilms (Abo-Shama et al., 2025) (Chauret et al., 2001) and can become resistant to chlorine disinfection (Burke et al., 2014).
2. material and methods

Study Area: This study was conducted in Enugu Metropolis, Enugu State, southeastern Nigeria. Three locations within the metropolis were selected as sampling sites: University of Nigeria Enugu Campus (UNEC), Kenyatta, and College Road. These locations were chosen based on their high population density and the diversity of domestic water sources frequently utilized by residents. Enugu Metropolis is characterized by a mix of urban and peri-urban settlements where access to treated pipe-borne water is often irregular, compelling residents to rely on alternative water sources including storage tanks, hand-dug wells, and commercially packaged water.
 Study Design: A cross-sectional survey design was adopted to determine the prevalence and distribution of Aeromonas hydrophila and other bacterial contaminants in domestic water sources across the three selected locations in Enugu Metropolis. The study was carried out over a defined collection period, and all samples were processed and analyzed under standardized laboratory conditions.
Sample Collection: A total of 50 water samples were randomly collected from domestic water sources across three locations within Enugu Metropolis: University of Nigeria Enugu Campus (UNEC), Kenyatta, and College Road. Three source types were represented: household water storage tanks, hand-dug wells, and commercially packaged sachet water. Twenty samples were collected from household water storage tanks, distributed as follows: 10 from UNEC, 5 from Kenyatta, and 5 from College Road. Ten well water samples were collected from two locations, comprising 5 samples each from UNEC and Kenyatta. The remaining 20 samples comprised commercially available sachet water, with 5 samples obtained from each of four different brands available within the study area.
All samples were collected aseptically into sterile, screw-capped 500 mL sampling bottles. Tank and well water samples were collected by submerging the sampling bottle to a uniform depth to ensure consistency across sampling points. Sachet water samples were obtained directly from open markets and street vendors within the study area in their original sealed packaging. Each sample was clearly labeled with a unique identifier indicating source type, sampling location, and date of collection. Samples were immediately placed in an insulated cooler maintained at 4°C and transported to the microbiology laboratory for processing within 6 hours of collection to minimize changes in microbial populations prior to analysis.
 Isolation of Bacterial Pathogens: Water samples were processed for the isolation of bacterial pathogens using a combination of selective and differential culture media appropriate for the range of organisms targeted in this study. One hundred milliliters (100 mL) of each water sample was passed through a sterile 0.45 µm pore-size cellulose nitrate membrane filter (Millipore, USA) under vacuum, and the membrane was aseptically transferred onto the surface of appropriate culture media.
For the isolation of Aeromonas hydrophila, membranes were placed on Rimler-Shotts (RS) agar supplemented with ampicillin (10 mg/L) and incubated aerobically at 28°C for 24–48 hours. Presumptive Aeromonas colonies appeared as yellow colonies with a yellow halo, indicative of glucose fermentation without hydrogen sulfide production. For members of the family Enterobacteriaceae, including Citrobacter spp., Enterobacter spp., Escherichia coli, Klebsiella spp., Proteus vulgaris, Salmonella spp., and Serratia rubidaea, samples were inoculated onto MacConkey agar and Eosin Methylene Blue (EMB) agar and incubated at 37°C for 24–48 hours. Suspected Salmonella spp. were further enriched in selenite F broth at 37°C for 18–24 hours prior to subculture onto Salmonella-Shigella (SS) agar. Escherichia coli was identified presumptively by its characteristic metallic green sheen on EMB agar and pink lactose-fermenting colonies on MacConkey agar. For the isolation of Pseudomonas aeruginosa, samples were cultured on Cetrimide agar and incubated at 37°C for 24–48 hours, with characteristic blue-green pigmented colonies selected as presumptive isolates. For the isolation of Porphyromonas gingivalis, samples were inoculated onto blood agar plates supplemented with hemin (5 mg/L) and menadione (1 mg/L) and incubated under anaerobic conditions at 37°C for 48–72 hours in an anaerobic jar using anaerobic gas-generating sachets, with black-pigmented colonies selected as presumptive isolates.
Following incubation on all selective media, morphologically distinct colonies were selected and subcultured onto nutrient agar plates to obtain pure cultures. Purified isolates were maintained on tryptone soya agar (TSA) slants stored at 4°C pending further identification.
Morphological and Biochemical Characterization: All presumptive isolates were subjected to standard morphological examination and a comprehensive battery of biochemical tests for identification and confirmation to the genus and species level. Gram staining was performed on all pure cultures to determine Gram reaction and cellular morphology, and motility was assessed using the hanging drop method and semi-solid motility agar. Biochemical tests performed included the oxidase test, catalase test, indole production, methyl red (MR) and Voges-Proskauer (VP) reactions, citrate utilization (Simmons' citrate agar), triple sugar iron (TSI) agar reactions, urease production, lysine decarboxylase, ornithine decarboxylase, arginine dihydrolase, and fermentation of carbohydrates including glucose, sucrose, lactose, mannitol, arabinose, and inositol. All biochemical tests were performed according to standard microbiological procedures as described by Cheesbrough (2006).
Statistical Analysis: Data were entered and managed using Microsoft Excel 2019 and analyzed using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics including frequencies and percentages were used to summarize the prevalence and distribution of bacterial isolates across water source types and sampling locations. The Chi-square (χ²) test was employed to evaluate associations between the occurrence of bacterial isolates and variables such as water source type and sampling location. A p-value of less than 0.05 was considered statistically significant.

3. results and discussion

RESULTS & DISCUSSIONS:`The microbial analysis revealed significant disparities in the sanitary quality of the water sources sampled (N = 50). The distribution of positive microbial growth by source is illustrated in Figure 1. Of the 10 well water samples analyzed, 100% (10) yielded positive microbial growth, indicating a total lack of potability among the groundwater sources sampled. Similarly, 95% (19) of the 20 tank water samples tested positive for microbial contamination. In stark contrast, all 20 sachet water samples (0%) showed no detectable microbial growth, suggesting that the commercial treatment and packaging processes effectively maintained the microbiological integrity of the product. A significant association was observed between the type of water source and the frequency of microbial contamination (X2 = 46.10, df = 2, p < 0.001). Pairwise analysis revealed that Sachet water (0% contamination) was significantly safer than both Well water (100% contamination; p < 0.001) and Tank water (95% contamination; p < 0.001). However, no statistically significant difference was found between the contamination rates of Well and Tank water (p = 1.000), indicating a high and comparable microbial risk for both "self-sourced" supplies.
The microbiological assessment of the three water categories in the Enugu Metropolis revealed a stark contrast in sanitary quality among the sources. As illustrated in Figure 2, a total of 50 samples were analyzed for the presence or absence of microbial growth. The distribution of results was found to be highly statistically significant (X2 = 46.10, df = 2, p < 0.001), indicating that the frequency of contamination is strongly associated with the water source type.Well water demonstrated the highest level of risk, with 100% (n=10) of the analyzed samples yielding positive microbial growth and recording zero negative results. Similarly, tank water showed an extreme prevalence of contamination, with 95% (n=19) of samples testing positive and only 5% (n=1) remaining negative. In contrast, sachet water proved to be the most reliable source of potable water in this study; of the 20 samples tested, 100% (n=20) were negative for microbial growth.The near-universal contamination of untreated well and tank water compared to the absolute sterility of sachet water highlights the efficacy of commercial purification processes and the critical need for improved hygiene in self-sourced domestic water supplies within the Enugu Metropolis.
A total of 99 bacterial isolates were recovered from the contaminated domestic water samples, representing 10 distinct species (Figure 3). The distribution of these isolates was found to be statistically non-uniform (X2 = 26.35, df = 9, p = 0.0018), indicating significant variation in the prevalence of different taxa within the Enugu Metropolis water supply.Of primary clinical and research interest, Aeromonas hydrophila was successfully isolated with a frequency of 12 (12.1%). This confirms the presence of this emerging pathogen in the local domestic water infrastructure. While Escherichia coli 18(18.2%) and Pseudomonas aeruginosa 16(16.2%) recorded the highest frequencies, A. hydrophila shared a high-prevalence tier with other significant organisms, including Enterobacter spp. 12(12.1%), Klebsiella spp. 12(12.1%), and Proteus vulgaris 12(12.1%). Lower frequencies were observed for Salmonella spp. 7(7.1%), Porphyromonas gingivalis 4(4.0%), Serratia rubidaea 4(4.0%), and Citrobacter spp. 2(2.0%). The diverse microbial profile, characterized by both enteric indicators and opportunistic pathogens like A. hydrophila, underscores a complex contamination pattern likely stemming from both fecal ingress and environmental biofilm proliferation within the sampled wells and tanks.
Figure 4: Distribution of Aeromonas hydrophila across the water samples analyzed.The distribution of Aeromonas hydrophila across the positive samples revealed a higher prevalence in untreated groundwater sources (Figure 4). Of the 12 isolates identified, the majority were recovered from well water 8 (66.7%), followed by tank water 4(33.3%). Notably, A. hydrophila was entirely absent from all sachet water samples (0%). A Chi-square test confirms that the occurrence of A. hydrophila is significantly associated with the source type (p < 0.05), with well water posing the highest risk for this specific pathogen within the Enugu Metropolis.
The microbial profile of the well water samples was characterized by high species diversity and a significant prevalence of enteric pathogens (Figure 5). A total of 40 bacterial isolates were recovered from the 10 positive well samples, indicating a high degree of poly-microbial contamination.Statistical analysis of the distribution within this source revealed a significant non-uniformity in species frequency (X2= 13.5, df = 7, p = 0.041). Escherichia coli and Proteus vulgaris were the most dominant isolates, each recorded with a frequency of 9 (22.5%). These were followed by Enterobacter spp., which accounted for 7 (17.5%) of the total well isolates.Regarding the primary objective of this study, Aeromonas hydrophila was successfully isolated from the well water samples with a frequency of 4 (10.0%). Other opportunistic and pathogenic species identified included Klebsiella spp. 4 (10.0%), Pseudomonas aeruginosa 4 (10.0%), Porphyromonas gingivalis 2(5.0%), and Salmonella spp. 1(2.5%).The high recovery rate of these diverse species—particularly the coexistence of A. hydrophila with fecal indicators like E. coli—underscores the poor sanitary integrity of groundwater sources in theEnugu Metropolis.
The microbial analysis of tank water samples revealed a diverse and robust bacterial population (Figure 6). A total of 59 bacterial isolates were recovered, representing 10 distinct species. While the distribution across species approached statistical significance (X2= 16.76, df = 9, p = 0.052), specific opportunistic pathogens showed a clear dominance within this water source.Pseudomonas aeruginosa was the most frequently isolated organism, accounting for 12 (20.3%) of the total tank isolates. This was followed by Escherichia coli, which recorded a frequency of 9 (15.3%).Critically, for the primary objective of this study, Aeromonas hydrophila was recovered with a high frequency of 8 (13.6%), representing the third most prevalent isolate in the storage tanks. Other significant isolates included Klebsiella spp. 8(13.6%), Salmonella spp. 6(10.2%), and Enterobacter spp. 5(8.5%). Species with lower recovery rates included Serratia rubidaea 4(6.8%), Proteus vulgaris 3(5.1%), Citrobacter spp. 2(3.4%), and Porphyromonas gingivalis 2(3.4%).The high prevalence of biofilm-forming bacteria such as P. aeruginosa and A. hydrophila suggests that domestic storage tanks in the Enugu Metropolis may serve as specialized ecological niches that facilitate the persistence and proliferation of these opportunistic pathogens



Figure 1: Distribution of total positive results according to consumed water.
  

Figure 2: Distribution of positive and negative results according to consumed water.


Figure 3: Total distribution of bacteria isolates from the water samples analyzed.

         Figure 4: Distribution of Aeromonas hydrophilia across the water samples analyzed.







Figure 5: Distribution of the bacteria isolates across the well water samples analyzed.

Figure 6: Distribution of bacteria isolates across tank water samples.


Discussion
The study revealed alarmingly high microbial contamination in domestic water sources in Enugu Metropolis, with 100% of well water and 95% of tank water samples testing positive for bacterial growth. The statistically significant association between source type and contamination (X² = 46.10, df = 2, p < 0.001) reflects the critical role of source integrity and handling practices on water safety. These findings are consistent with earlier reports from Nigerian urban centers attributing groundwater contamination to inadequate sanitation infrastructure and poor well construction (Adesakin et al., 2020; Gwimbi et al., 2019). Sachet water, by contrast, recorded 0% contamination across all 20 samples, confirming the effectiveness of commercial purification and packaging in maintaining microbiological safety (Olaoye & Onilude, 2009; Adesiji et al., 2011). However, this assurance applies only at point of purchase; post-purchase handling and open storage remain secondary contamination risks that regulatory education must address.
A total of 99 bacterial isolates representing 10 species were recovered, with a significantly non-uniform distribution (X² = 26.35, df = 9, p = 0.0018). The predominance of Escherichia coli (18.2%) signals consistent fecal contamination (WHO, 2017), while the high frequency of Pseudomonas aeruginosa (16.2%) reflects biofilm-mediated ecological persistence within storage infrastructure (Simões et al., 2010). The co-isolation of enteric pathogens — Salmonella spp., Klebsiella spp., Proteus vulgaris, and Enterobacter spp. — alongside opportunistic organisms indicates dual contamination driven by both fecal ingress and biofilm dynamics (Mushi et al., 2017).
The primary objective of this study was fulfilled by the successful isolation of Aeromonas hydrophila at a prevalence of 12.1% (12/99 isolates). A. hydrophila is an emerging waterborne pathogen capable of causing gastroenteritis, wound infections, and septicemia, particularly in immunocompromised individuals (Janda & Abbott, 2010). Its prevalence here is comparable to rates of 8–22% reported in South African water supplies (Igbinosa & Okoh, 2012) and 5–18% documented in Enugu State boreholes (Nweze et al., 2011), establishing it as an endemic constituent of the domestic water microbiome in Nigeria. Source stratification showed well water accounted for 66.7% of isolates; ecologically, Aeromonas species thrive in shallow, organic-rich, unlined wells under tropical conditions and co-occur with fecal indicators like E. coli (22.5%) through shared contamination pathways including latrine leachate percolation and surface water ingress (Igbinosa et al., 2012; Ihejirika et al., 2019). In tank water, A. hydrophila ranked third (13.6%), co-dominating with the prolific biofilm-former P. aeruginosa (20.3%), suggesting that domestic tanks serve as specialized niches for pathogen persistence. Since biofilm-associated bacteria resist routine chlorination, physical tank cleaning is a necessary intervention beyond water treatment alone (Okonko et al., 2008). The virulence arsenal of A. hydrophila — including enterotoxins, hemolysins, and type III and VI secretion systems — amplifies the clinical risk in populations with high rates of malnutrition and immunosuppression typical of urban Nigeria (Parker & Shaw, 2011).
Conclusion
This study confirms the presence and significant prevalence of Aeromonas hydrophila in domestic well and tank water in Enugu Metropolis, alongside a diverse and clinically relevant bacterial assemblage. The near-total contamination of self-sourced water supplies, in stark contrast to the microbiological integrity of sachet water, exposes a critical public health vulnerability among households dependent on untreated groundwater and stored water. The co-occurrence of A. hydrophila with enteric pathogens and biofilm-forming organisms in both source types reflects systemic failures in water source protection and storage hygiene. Urgent interventions are warranted, including well head protection, periodic tank disinfection and physical cleaning, promotion of household water treatment practices, and enhanced clinical surveillance for aeromonad-associated waterborne disease within the metropolis.
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