


Microbial Assessment and Antibiotic Resistance Profiling of Bacterial Isolates from Surface Water of Poondi Lake, Tamil Nadu


ABSTRACT 
The present study aims to assess the antibiotic resistance of bacterial isolates from the Poondi Lake, Tamil Nadu. The collected surface water samples were subjected to enumeration of Total Viable Count (TVC) on nutrient agar medium. The bacterial load ranged from 3.66 to 4.01109 CFU/ml. Further, four dominant and morphologically distinct colonies were purified by quadrant streaking and biochemically analyzed to identify the bacteria. On analysis, Klebsiella spp., Pseudomonas spp., Escherichia spp., and Staphylococcus spp. were detected to be more prevalent. Then, an Antimicrobial Susceptibility Test (AST) was performed on bacterial isolates using the Kirby-Bauer disc diffusion method with ten commonly used antibiotics across Tamil Nadu. Among the tested isolates, Klebsiella, Escherichia, and Staphylococcus were found to be superbugs showing Multi-Drug Resistance (MDR). Increased resistance was observed towards β-lactams, fluoroquinolones, and tetracyclines, while aminoglycosides showed powerful effects against bacteria. Resistance towards old as well as last-resort antibiotics leads to accumulation and emergence of MDR microorganisms in the environment. Presence of such Antibiotic-Resistant Bacteria (ARB) in drinking water may contribute to the spread of hard-to-treat infections. Thus, the findings highlight the presence of ARB, emphasizing the need for pollution prevention and continuous monitoring of inland water bodies. 
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1. INTRODUCTION
Water bodies are increasingly polluted by human activities, including the dumping of plastic waste, untreated sewage discharge, industrial effluents, and urbanization. This results in the accumulation of toxic substances, including microplastics, heavy metals, nutrients, and the emergence of harmful pathogens (Kumar et al., 2025). The release of antibiotics into the water bodies through hospitals, domestic, and agricultural waste leads to the piling up of antibiotic residuals (Larsson, 2014). The long-term exposure to antibiotics leads to the emergence of Antibiotic-Resistant Bacteria (ARB) (Leonard et al., 2022). Horizontal transfer of these resistance genes results in gradual dominance of virulent forms, thus raising an alarming concern over public health (Fu et al., 2022). It is reported that the same infection caused by a resistant strain causes double the impact of a sensitive strain (Amarasiri et al., 2020). These increased severities of diseases bring about delays in treatments, an enhanced death rate, etc. (Serwecińska, 2020). It is reported that ARBs are prevalent in countries like Africa, the United States, France, Italy, and China (TalebiBezmin Abadi et al., 2019). WHO also states that poor sanitation and widespread utilization of antibiotics in highly populated South Asian countries such as India, Pakistan, Bangladesh, and Nepal are rising sharply (Fletcher, 2015).
In India, nearly 37.7 million water-borne diseases were reported yearly, including diarrhea, cholera, jaundice, typhoid, and hepatitis (Kumar et al., 2022). Approximately 1.3 million children below the age of 12 have died annually due to diarrhea (Karambizi et al., 2021).Several classes of antibiotics, such as penicillins, fluoroquinolones, cephalosporins, and tetracyclines, are commonly used as first-line therapy in India (Kant and Tripathi, 2023). Thus, overusage and unregulated sales of antibiotics in developing countries cause the emergence of ARB like Escherichia coli, Klebsiella spp., and Pseudomonas spp. (Otia and Dubey, 2024). Recent studies on surface water of lakes and reservoirs revealed the existence of similar ARB found in hospital and industrial effluents, indicating the environmental transmission of harmful pathogens (Stanton et al., 2022). Previous study in Tamil Nadu has reported the presence of antibiotic-resistant bacteria in freshwater sources from Coimbatore district, highlighting the potential public health risks (Reethy et al., 2025). However, limited data exist on multidrug-resistant bacteria in major drinking water reservoirs in the region. Thus, this study investigates the presence of ARB in Poondi Lake, one of the major drinking water suppliers of Tamil Nadu. The study aims to identify resistance patterns, assess potential public health risks, and provide data to guide future water quality monitoring and management strategies.
2. MATERIALS AND METHODS
2.1. Sample Collection
In this study, water samples were collected from the Poondi Lake, Tamil Nadu, for microbial analysis and their resistance against commonly used antibiotics. This water body serves as one of the important drinking water sources of Tamil Nadu. Water samples were collected from four sampling sites across the reservoir. The geographical coordinates of the sampling site are as follows: 13.211195⁰ N, 79.872580⁰ E (S1), 13.195209⁰ N, 79.890385⁰ E (S2), 13.185394⁰ N, 79.889707⁰ E (S3), and 13.168186⁰ N, 79.883364⁰ E (S4). All analyses were performed in triplicate.
2.2. Microbial Analysis
2.2.1. Processing of water samples 
1 ml of water was taken from each of the collected samples and transferred to sterile test tubes containing 9 ml of ultrapure Milli-Q water. The test tubes were gently shaken to mix the samples. In such a way, the samples were serially diluted up to 10-5 to obtain countable bacterial colonies. For control, distilled water was inoculated and the plates showed no bacterial growth.
2.2.2. Preparation of Agar medium
To prepare the nutrient agar medium, 28g of nutrient agar powder was weighed and mixed with 1000 ml of distilled water in a pre-sterilized conical flask. The mixture was heated by gently shaking the medium until the agar was properly dissolved and sterilized by autoclaving at 120 ⁰C and 15 psi for 15 minutes. The prepared medium is then allowed to cool to about 45 ⁰C. 
2.2.3. Sample Inoculation and Total Viable Count
1 ml of the serially diluted sample was poured onto the pre-sterilized labeled petridish. To this, 15 ml of molten agar was allowed to cool and poured on to petriplates as high temperature can damage bacterial cells and affect the accuracy of colony counting. After covering with a lid, the petridish was gently rotated to mix the sample with the media. After solidification, the inverted plates were incubated at 37 ⁰C for 24 hours to allow the bacterial growth. After 24 hours, the plates were taken out to count the total viable bacterial colonies. 
2.2.4. Preparation of pure culture
Four morphologically distinct surface bacterial colonies were chosen and purified by quadrant streaking on nutrient agar medium. Each bacterial colony was scraped gently with the help of a sterilized loop and streaked onto the fresh autoclaved agar plates using quadrant streaking techniques. The cultured petriplates were incubated at 37 ⁰C for the next 24 hours.
2.3. Biochemical evaluation
Bacteria from the pure culture underwent Gram staining and different biochemical analyses to identify the microorganisms. It includes the Methyl Red (MR) test, Voges-Proskauer (VP) test, Triple Sugar Iron (TSI) test, Indole test, Citrate test, Catalase test, Oxidase test, and Mannitol motility test. Based on the results obtained, the bacterial genus was confirmed following Bergey’s manual of systematic bacteriology. 
2.4. Antibiotic susceptibility testing
The isolated bacteria were exposed to antibiotic susceptibility testing to determine the level of resistance and to assess their adverse effects on living beings. Ten common antibiotic discs were employed, including Ampicillin (AMP), Tetracycline (TE), Vancomycin (VA), Norfloxacin (NX), Cefepime (CPM), Chloramphenicol (C), Gatifloxacin (GAT), Gentamicin (GEN), Imipenem (IPM), and Tobramycin (TOB).
3. RESULTS AND DISCUSSION
The current research evaluated the presence of cultivable ARB from the water samples of Poondi Lake through serial dilution, enumeration, isolation, biochemical identification, and antibiotic susceptibility testing. The analysis revealed the presence of viable and morphologically diverse bacterial colonies. Total Viable Count of bacterial colonies determined using the pour plate technique, estimated to be 3.75109 CFU/ml at S1, 4.01109 CFU/ml at S2, 3.66109 CFU/ml at S3, and 3.72109 CFU/ml at S4, respectively. The increased microbial load was observed at S2, where domestic sewage water mixes with the water body. The enrichment of organic matter and nutrients such as phosphorus and nitrogen in wastewater favours the growth and reproduction of bacterial communities, supporting our results (Xie et al., 2022). Among the colonies observed, one dominant and morphologically different colony from each plate was selected as a representative. Thus, four distinctive colonies were subcultured to obtain pure isolates for further biochemical analysis (Fig. 1). 
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Fig. 1. Representative nutrient agar plates showing quadrant streaking used to obtain pure cultures of bacterial isolates (1-Klebsiellaspp., 2-Pseudomonas spp., 3-Escherichia spp., and 4-Staphylococcus spp.) from the water sample.
3.1. Biochemical confirmation of water isolates
A series of biochemical evaluations of purified isolates was carried out to identify the species. Based on Gram staining, carbohydrate fermentation, and several other enzymatic activities, the species were interpreted as follows: Species 1 was identified to be rod-shaped and gram-negative in nature. It exhibited negative results for the MR test, indole test, oxidase and motility test, while positive results for the VP test, citrate test, catalase and mannitol test supported the identification of this species. Further, the production of hydrogen sulfide gas by the breakdown of sulfur-containing compounds confirmed the identification of Klebsiella spp. The second species isolated exerted a negative result for the indole, MR, and VP test, while positive for other biochemical tests performed. The non-fermenting nature of the TSI test and a positive result in the oxidase test confirmed it to be an aerobic bacterium. Along with its gram-negative, rod-shaped, and characteristic greenish mucoid colonies, the next isolate was identified as Pseudomonas spp. The Gram-negative, rod-shaped Escherichia spp. with a marked positive result for MR, indole, and catalase test were confirmed to be species 3. It showed a yellow slant/ yellow butt reaction on the triple sugar iron test with gas production and no H2S production. The detection of smooth, round colonies on nutrient agar with a distinctive shiny yellow shade due to the presence of carotenoids supported the identification of species 4 as Staphylococcus spp. These gram-positive cocci clusters showed catalase, citrate, mannitol, and VP test with no motility. The detailed results of all biochemical analyses of dominant bacterial colonies were tabulated in Table 1.
Table 1. Biochemical characterization and identification of bacterial isolates from the surface water samples
	Test
	Species 1
	Species 2
	Species 3
	Species 4

	Gram staining
	Gram negative
	Gram negative
	Gram negative
	Gram positive

	Shape
	Rod
	Rod
	Rod
	Cocci

	MR Test
	-
	-
	+
	-

	VP Test
	+
	-
	-
	+

	TSI Test
	H2S production
	No Gas production
	Gas production
	No Gas production

	Indole Test
	-
	-
	+
	-

	Citrate Test
	+
	+
	-
	+

	Catalase Test
	+
	+
	+
	+

	Oxidase Test
	-
	+
	-
	-

	Mannitol motility Test
	+,-
	+,+
	+,+
	+,-

	Bacteria identified
	Klebsiella spp.
	Pseudomonas spp.
	Escherichia
spp.
	Staphylococcus
spp.



3.2. Antibiotic Susceptibility Testing (AST) pattern of isolates
Disc diffusion method was used to evaluate the antibiotic susceptibility pattern of bacterial isolates obtained from the water samples following the Clinical and Laboratory Standards Institute (CLSI) interpretation criteria. The susceptibility behavior varied among the isolated species, thus indicating distinctive responses of gram-positive and gram-negative bacteria towards the tested antibiotics (Fig. 2). 
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Fig. 2. Antibiotic susceptibility testing of bacterial isolates (W1- Klebsiella spp., W2-Pseudomonas spp., W3-Escherichia spp., and W4-Staphylococcus spp.) using the disc diffusion method showing zones of inhibition around antibiotic discs.
Klebsiella showed strong resistance against many commonly used antibiotics, including ampicillin, tetracycline, vancomycin, norfloxacin, gatifloxacin, and imipenem (Table 2). This multi-resistance pattern suggests the presence of intrinsic and acquired resistance mechanisms such as efflux pump activity and ß-lactamase production (Suay-García and Pérez-Gracia, 2021). The observed resistance to IPM is particularly appalling, as carbapenems are considered last-resort antibiotics (Osei Sekyere et al., 2024). In recent decades, such multi-drug resistance Klebsiella species were identified as super resistome resulting in infections with increased mortality rate due to constrained treatments (Navon-Venezia et al., 2017). However, the species remained sensitive to cefepime, chloramphenicol, and gentamicin, suggesting that higher-generation cephalosporins and aminoglycosides may still be effective.
Table 2. Disc Diffusion-based Antibiotic Susceptibility Profile of Klebsiella spp. isolated from water samples
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	S
	I
	R
	
	

	Ampicillin
	AMP
	10
	≥17
	14-16
	≤13
	5
	R

	Tetracycline
	TE
	30
	≥19
	15-18
	≤14
	4
	R

	Vancomycin
	VA
	30
	≥15
	12-14
	≤14
	10
	R

	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	16
	I

	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	8
	R

	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	14
	I

	Gatifloxacin
	GAT
	5
	≥17
	14-16
	≤13
	25
	S

	Gentamicin
	GEN
	10
	≥15
	12-14
	≤11
	11
	R

	Imipenem
	IPM
	10
	≥23
	20-22
	≤19
	25
	S

	Tobramycin
	TOB
	10
	≥15
	12-14
	≤14
	14
	I


Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were interpreted according to CLSI guidelines. Zone of inhibition values are expressed in millimetres (mm).
Pseudomonas exhibited resistance against gatifloxacin, norfloxacin, and imipenem, in line with the previous findings of resistance behavior (Farhan et al., 2021). In contrast, it was highly sensitive to cefepime, a fourth-generation cephalosporin, chloramphenicol, and gentamicin (Table 3). Though many studies reported Multi-Drug Resistant (MDR) Pseudomonas strains, the presence of many efflux pumps that actively expel antibiotics from the bacterial cell, along with low outer membrane permeability, acts as a barrier to antibiotic entry, thereby reducing intracellular antibiotic accumulation (Ghai, 2023). This supports our study results of reduced MDR Pseudomonas species. The emergence of potential alternative options such as quorum sensing suppressors, antimicrobial nanoparticles and peptides also reduces the spread of MDR Pseudomonas (Chatterjee et al., 2016).
Table 3. Disc Diffusion-based Antibiotic Susceptibility Profile of Pseudomonas spp. isolated from water samples.
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	S
	I
	R
	
	

	Ampicillin
	AMP
	10
	-
	-
	-
	-
	Intrinsic R

	Tetracycline
	TE
	30
	-
	-
	-
	-
	Intrinsic R

	Vancomycin
	VA
	30
	≥15
	11-14
	≤10
	4
	R

	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	5
	R

	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	27
	S

	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	28
	S

	Gatifloxacin
	GAT
	5
	≥17
	14-16
	≤13
	12
	R

	Gentamicin
	GEN
	10
	≥15
	13-14
	≤12
	17
	S

	Imipenem
	IPM
	10
	≥22
	19-21
	≤18
	16
	R

	Tobramycin
	TOB
	10
	≥15
	13-14
	≤12
	13
	I


Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were interpreted according to CLSI guidelines. Zone of inhibition values are expressed in millimetres (mm).
The Escherichia demonstrated increased resistance to widely prescribed antibiotics, namely ampicillin, tetracycline, and gentamicin (Table 4). Such resistance development in one of the common gut bacteria causes serious disruption of gut health and leads to conditions like pyelonephritis and severe urinary tract infections (Arbab et al., 2022). Notably, Escherichia was susceptible to many tested antibiotics. The sensitivity towards drugs belonging to carbapenems indicates the absence of carbapenemase-producing genes (Haji et al., 2021). The presence of multi-drug resistant Escherichia indicates the mixing of untreated sewage and hospital effluents into the lake system. Alonso et al. (2017) have reported that the meat and other food products imported from foreign countries for consumption also facilitate the entry of MDR bacterial strains of E. coli into the freshwater bodies through improper disposal. 
Table 4. Disc Diffusion-based Antibiotic Susceptibility Profile of Escherichia spp. isolated from water samples
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	S
	I
	R
	
	

	Ampicillin
	AMP
	10
	≥17
	14-16
	≤13
	-
	R

	Tetracycline
	TE
	30
	≥19
	15-18
	≤14
	8
	R

	Vancomycin
	VA
	30
	≥11
	9-10
	≤ 8
	4
	R

	Norfloxacin
	NX
	10
	≥17
	12-16
	≤11
	12
	I

	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	17
	I

	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	19
	S

	Gatifloxacin
	GAT
	5
	≥11
	9-10
	≤ 8
	11
	S

	Gentamicin
	GEN
	10
	≥15
	12-14
	≤11
	8
	R

	Imipenem
	IPM
	10
	≥12
	10-11
	≤ 9
	12
	S

	Tobramycin
	TOB
	10
	≥15
	12-14
	≤14
	17
	S


Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were interpreted according to CLSI guidelines. Zone of inhibition values are expressed in millimetres (mm).
The multi-resistant behavior of Staphylococcus, including ampicillin, cefepime, gentamicin, and tetracycline (Table 5), showed increasing gene transfer among environmental microorganisms. The beta lactamase enzymes found in resistant strains destroys the ß-lactam rings making the drug ineffective. Resistance towards these beta-lactam antibiotics was also reported due to alteration in the penicillin-binding proteins (Dabhi et al., 2024). The presence of multiple transposons assists in increased rate of horizontal transfer of resistance genes in Staphylococcus species. Mobile genetic elements such as Tn552 help in transferring the Intermediate susceptibility against norfloxacin, chloramphenicol, and tobramycin proved partial permeability in the membranes of the cell (Manrique et al., 2023). Enhanced sensitivity towards aminoglycosides was reported because of preserving ribosomal binding efficiency (Ekemezie et al., 2025). 
Table 5. Disc Diffusion-based Antibiotic Susceptibility Profile of Staphylococcus spp. isolated from water samples
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	S
	I
	R
	
	

	Ampicillin
	AMP
	10
	≥29
	28-17
	≤16
	2
	R

	Tetracycline
	TE
	30
	≥19
	15-18
	≤14
	12
	R

	Vancomycin
	VA
	30
	≥15
	11-14
	≤10
	9
	R

	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	15
	I

	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	17
	I

	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	18
	S

	Gatifloxacin
	GAT
	5
	≥18
	15-17
	≤14
	7
	R

	Gentamicin
	GEN
	10
	≥15
	13-14
	≤12
	6
	R

	Imipenem
	IPM
	10
	≥23
	20-22
	≤19
	22
	I

	Tobramycin
	TOB
	10
	≥15
	13-14
	≤12
	13
	I


Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were interpreted according to CLSI guidelines. Zone of inhibition values are expressed in millimetres (mm).
Across all the observed microbial isolates, the carbapenem class of antibiotics has emerged as highly resistant. With the results of our study, Gram-negative bacteria exhibited a broader spectrum of antibiotic resistance than Gram-positive isolates. Such antibiotic resistance bacteria present in freshwater ecosystem comes into continuous contact with the gills and skin surface of the aquatic organisms, which increases the risk of opportunistic infections (Benhamed et al., 2014). On reaching the gut, the proliferation of ARB will eventually alter the fish gut microbiome resulting in enhanced disease susceptibility (Yuan et al., 2019). In several previous studies, Escherichia coli have been reported to serve as a vector in transferring plasmids of fish pathogens (Sørum, 2005). The rapid multiplication and dominance of MDR bacterial species reduce the diversity of the microbial community in the aquatic ecosystem. The bioaccumulation of these pathogens in aquatic species will enter food chain and pose potential effects on human health. Dreadful infections such as pneumonia, urinary tract infections, many diarrheal illnesses, skin outbreaks, meningitis, and potential systemic problems are caused by detected microorganisms (Reynolds and Kollef, 2021; Chen et al., 2022; Riwu et al., 2022). The emergence of resistant strains worsens the treatment, thereby resulting in a deadly impact. These findings reinforce the importance of surveillance of antimicrobial resistance in aquatic ecosystems.
4. CONCLUSION
The present investigation explores the enumeration of cultivable bacteria and provides insights into the antibiotic resistance profiling of dominant species found in a major drinking water source. The detection of opportunistic pathogens, including Klebsiella spp., Pseudomonas spp., Escherichia spp., and Staphylococcus spp. in potable water raises public health concerns. In addition, the consistent detection of resistance towards commonly used tetracyclines, ampicillin, norfloxacin, gatifloxacin, and gentamicin among all isolated bacteria highlights the emergence of various multidrug-resistant microorganisms. This raises concern regarding the transmission of antibiotic-resistant bacteria through drinking water. These findings underline the importance of routine microbiological surveillance and antibiotic resistance monitoring of water bodies to safeguard public health. This study was focused on culture-based methods and a specific sampling period, which may not capture the full diversity of antibiotic-resistant bacteria present in freshwater. Future studies incorporating molecular approaches and long-term seasonal monitoring would provide a more comprehensive understanding of resistance dynamics.
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