


ANTIBIOTIC RESISTANCE PATTERNS OF SEDIMENT-DERIVED PATHOGENIC BACTERIA FROM POONDI LAKE, TAMIL NADU, INDIA

ABSTRACT
The present study evaluated the presence of antibiotic resistance bacteria in sediment samples from the Poondi reservoir, Tamil Nadu, India. Sediment samples were collected from four different sites in triplicate. The enumerated bacterial load of the collected samples ranged between 4.24109 and 4.89109 CFU/ml. S2 recorded the highest Total Viable Count (TVC) due to the continuous inflow of sewage water with a nutrient load that favoured the proliferation of bacterial species. From each agar plate, one dominant and distinct bacterial colony representing each site was chosen and subjected to a series of biochemical analyses for identification. The results revealed the presence of Shigella spp., Salmonella spp., Proteus spp., and Acinetobacter spp. Further, these opportunistic pathogens were tested for antibiotic susceptibility using the disc diffusion method. All the four bacterial isolates were found to be multi-drug resistant with enhanced resistance to broad spectrum antibiotics including carbapenems and quinolones. Overall, the study underscores the role of lake sediments as hidden hotspots of antibiotic-resistant bacteria, necessitating regular surveillance and improved wastewater management strategies. 
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1. INTRODUCTION
The widespread use of antibiotics has led to the evolution of superbugs, which exhibit resistance to many commonly used drugs. The prevalence of antibiotic application in human medicine, veterinary care, and agriculture has driven their contamination in natural water bodies (Baquero et al., 2008; Zalewska et al., 2021). Bacteria under selective pressure develop resistance genes, and through the horizontal gene transfer mechanism, they disseminate these acquired resistance genes (Bengtsson-Palme et al., 2018). Common bacteria such as Escherichia coli, Klebsiella pneumoniae, and Staphylococcus aureus have evolved resistance against more than fifty percent of the cephalosporins, fluoroquinolones, and carbapenems (Carvalho et al., 2019; Shemetov et al., 2025). Lack of advancement in treatment, along with fast transmission of antibiotic resistance species, causes detrimental effects on human health (Tarin-Pello et al., 2022). The World Health Organization (WHO) underscores antibiotic resistance as a major threat to living beings, leading to ten million deaths by the year 2050 (O'Neill, 2016). This highlights the importance of evaluating resistance species in freshwater ecosystems to understand public health concerns.
Sediments serve as long-term sinks for many pollutants and microorganisms. Because of the presence of a stable and protective environment, increased microbial load can be seen in sediments when compared to water (Feng et al., 2023). The continuous deposition of organic matter and nutrients favours the growth of microbial communities in the benthic zone (Gibbons et al., 2014). Antibiotic residues from sewage, domestic and hospital effluents accumulate in the sediment, facilitating the evolution of antibiotic-resistant bacteria (ARB) (Bueno et al., 2018). Thus, analysis of sediment samples provides a broader view of the pathogenic organisms available in the aquatic ecosystem. In India, studies on ARB, particularly from sediment samples are limited. This study primarily investigates the occurrence of ARB and their susceptibility towards ten common antibiotics from the sediments of Poondi Lake, Tamil Nadu. 
2. Research Methodology
2.1. Study Area and Sample Collection 
In this research, Poondi Lake, one of the important drinking water sources of Tamil Nadu was selected for bacteriological assessment and antibiotic resistant profiling. Sediment samples were collected from 4 sites (S1, S2, S3 and S4) across the lake using Van Veen Grab equipment. Table 1 lists the geocoordinates of sampling points. The samples were transported to the laboratory and processed within 6 hours of collection. All analyses were performed in triplicate.
2.2. Bacteriological analysis
2.2.1. Sample preparation
1g of sediment sample was mixed with 9 ml of saline solution and kept in a vortex for 5 minutes. This helps in the precipitation of sediment particles. Now, 1 ml of supernatant was agitated to homogenize and diluted serially to obtain an appropriate concentration. 
2.2.2. Media preparation and Inoculation of samples
The nutrient agar (NA) medium was prepared by adding 28 grams of NA powder to 1 litre of distilled water. The medium was heated until the agar melts completely and sterilized using an autoclave at 121 ⁰C for fifteen minutes. The temperature of the culture medium was cooled to 45 – 50 ⁰C by placing it in a water bath. 
To inoculate, one millilitre of serially diluted sample was aliquoted aseptically into sterile petri plates, followed by 15 ml of liquefied agar medium. After closing the lid, the plates were shaken mildly to spread and set the agar evenly. The culture plates were incubated in an inverted position for 24 hours at 37 ⁰C.
2.2.3. Enumeration and isolation of bacterial colonies
The Total Viable Count (TVC) was enumerated using the manual colony counter and expressed in terms of Colony Forming Units (CFU). The formula to calculate CFU is given below. After counting, 4 morphologically distinct bacterial colonies were chosen for pure culture. Using a sterile loop, each of the selected colonies was streaked on autoclaved petri dishes to isolate pure bacterial strains. After 24 to 48 hours of incubation at 37 ⁰C pure strains were obtained.

2.2.4. Biochemical Characterization and Antibiotic Susceptibility Test (AST)
To identify the bacterial isolates, 	Gram staining along with a series of biochemical assays such as Methyl Red (MR), Triple Sugar Iron (TSI), Voges-Proskauer (VP), indole, catalase, citrate, oxidase, and mannitol motility tests were performed. The results obtained were interpreted with reference to Bergey’s manual to determine the bacterial identity. After identification, each bacterial isolate was subjected to ten common antibiotic discs to determine their resistance profiling. It includes Ampicillin (AMP), Norfloxacin (NX), Tetracycline (TE), Kanamycin (KA), Cefepime (CPM), Gentamicin (GEN), Tobramycin (TOB), Cefoxitin (C), and Gatifloxacin (GAT), Imipenem (IPM).
3. RESULTS AND DISCUSSION
3.1. Total Viable Count (TVC)
In this study, the collected sediment samples were serially diluted and cultured to evaluate the total viable bacterial colonies on nutrient agar. After 24 hours of inoculation, the number of colony forming units was recorded. Plates inoculated with sediment samples contained 4.89109 CFU/ml (S1), 4.97109 CFU/ml (S2), 4.24109 CFU/ml (S3), and 4.35109 CFU/ml (S4), respectively. The increased bacterial load at S2 indicates the mixing of untreated sewage effluents at that site. The availability of excess nutrients and organic debris in sewage water, along with plastic materials helps in the proliferation of bacterial communities. Plastic debris also serves as a carbon sources for microorganisms resulting in biofilm formation (Liu et al., 2021). Sediments act as a sink for aged microplastics and heavy metals. Beyond virgin microplastics, aged microplastics accelerate the generation of biofilm, resulting in reduced bacterial diversity (Li et al., 2022). On prolonged exposure to the toxins released from these contaminants, microorganisms evolve to develop resistance towards them (Yang et al., 2019). They also potentially disrupt the nutrient cycling of the lake, thus altering the function and stability of the aquatic ecosystem (Chen et al., 2020). Among the colonies grown, one morphologically distinct bacterial colony from each plate, representing the sediment samples of each site were chosen randomly. The selected colonies were inoculated on a freshly prepared agar medium to obtain a pure culture.  
3.2. Biochemical characterization of bacterial isolates
The purified isolates underwent a series of biochemical tests for the identification of bacterial species. Species 1 showed positive results for the methyl red test and catalase test. This gram-negative, rod shaped bacteria revealed negative results for all the other biochemical tests. By interpreting the results according to Bergey’s manual, species 1 was identified as Shigella species. The motile, gram-negative, rod-shaped bacilli second species showed marked bubble formation in the catalase test along with positive results in citrate, MR test. The black precipitate formed in the TSI test further confirmed the microorganism to be Salmonella spp. Proteus spp. (species 3) exhibited a characteristic swarming motility on culture media. These gram-negative, rod shaped bacteria fermented glucose and produced hydrogen sulfide gas in the TSI test. The formation of red colour indicates stable acid production in the MR test. The detection of opaque, non-motile, coccobacillus colonies on agar medium together with oxidase negative and oxidase positive results confirmed the species 4 as Acinetobacter spp. Table 2 provides detailed results of biochemical analyses on bacterial isolates. The detection of these pathogenic microorganisms in freshwater resources acts as an indicator for sewage and fecal contamination in inland water bodies. 
3.3. Antibiotic Susceptibility and Resistance Trends among Sediment Bacteria
The bacterial isolates identified by biochemical characterization were subjected to Antibiotic Susceptibility Testing (AST) using the disc diffusion method. The zone of inhibition was measured and the susceptibility was evaluated. The susceptibility pattern of all four bacteria varied distinctively towards the given ten antibiotics (Figure 1).
Shigella spp. exhibited a marked multi-drug resistance behavior against five antibiotics, including ampicillin, tetracycline, vancomycin, gatifloxacin and tobramycin (Table 3). The presence of active efflux pumps in Shigella spp. helps in eliminating the drugs, thus making them resistance towards many antibiotics (Puzari et al., 2018). Recent studies also identified the presence of certain enzymes in Shigella which has the ability to modify drugs (Ranjbar and Farahani, 2019). Antibiotics play a major role in treating the diarrheal infections caused by them. But the development of resistance against common antibiotics results in diseases that are difficult to treat. Our study findings also revealed the effectiveness of norfloxacin, gentamicin and chloramphenicol against them. The sensitivity towards these antibiotics may be attributed to their restricted usage in the medical field. This reduces the chance of developing resistance in environmental bacteria. Recent studies demonstrated the effectiveness of norfloxacin against diarrhea caused by Shigella spp. supporting our study results (Ayele et al., 2023).
The multi-drug resistance pattern of Salmonella spp. towards ampicillin, tetracycline, vancomycin, gentamicin and norfloxacin represents its intrinsic and acquired resistance towards antibiotics (Table 4). The presence of a hard outer membrane naturally inhibits the entry of macrolides and lincosamides into the cell. The existence of efflux pumps such as AcrAB and EmrAB provides resistance against quinolones in Salmonella (Wang et al., 2025). In addition, the formation of biofilms enhances the multi-drug resistance in them (Punchihewage-Don et al., 2024). The strict hospital usage of last-resort carbapenems and aminoglycoides reduces the selective pressure in aquatic sediments, thus minimizing the resistance development among bacterial isolates. In line with our results, an eight year surveillance study conducted in China proved the sensitivity of Salmonella spp. against imipenem (Li et al., 2023).
Proteus spp. exhibited strong resistance towards ampicillin, tetracycline and tobramycin, while intermediate resistance towards cefepime (Table 5). The species remained susceptible to all the other antibiotics used in the study. As per the reports of Stock (2003), various strains of Proteus mirabilis and Proteus penneri exerted sensitivity to eight different classes of antibiotics including carbapenems, aminoglycosides, quinolones and cephalosporins. Mutations resulting in the loss of membrane channels decrease the chance of antibiotics entering the bacterial cell, thereby enhancing the risk of antibiotic resistance (Alqurashi et al., 2022). The urinary tract infections caused by such MDR Proteus spp. were ineffective to treatments. These species were found to produce extended-spectrum betalactamases (ESBL) enzymes (Cohen-Nahum et al., 2010).
The study observed MDR behavior of Acinetobacter spp. against ampicillin, cefepime, vancomycin, norfloxacin, imipenem and tetracycline (Table 6). Such a broad resistance pattern raises the burden on clinical treatment procedures. The prevalent use of carbapenems and third generation agents promoted MDR in Acinetobacter baumannii (Abbo et al., 2007). The resistance profile observed in sediments are consistent with those previously reported in lake water, suggesting continuous interaction between water and sediment microbial communities (Janani et al., 2026). Overall, the resistance pattern recorded in the study revealed that sediment bacteria play a pivotal role in accumulating and transferring the antibiotic resistance genes. The presence of such MDR microorganisms in freshwater ecosystems raises significant ecological and public health concerns. 
4. CONCLUSION
The present study demonstrates the presence of high bacterial load in the sediment samples of Poondi reservoir. The detection of multi-drug resistant bacteria, including Shigella spp., Salmonella spp., Proteus spp., and Acinetobacter spp. underscores the prevalence of antibiotic contamination in the lake. The continuous impact of anthropogenic activities such as inflow of untreated sewage water, dumping of solid waste materials and mixing of domestic and agricultural runoff results in the accumulation of most of the first line antibiotics in the environmental matrices. These antibiotic resistant microbes pose increased health risks to aquatic organisms and human beings resulting in infections with limited treatment options. This underscores the urgent need for improved wastewater treatment and regulatory measures to limit the spread of antibiotic resistance in aquatic environments.
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Table 1. Geographic details of sediment collection sites
	Site
	Latitude
	Longitude

	S1
	13.211195⁰ N
	79.872580⁰ E

	S2
	13.195209⁰ N
	79.890385⁰ E

	S3
	13.185394⁰ N
	79.889707⁰ E

	S4
	13.168186⁰ N
	79.883364⁰ E




Table 2. Morphological and biochemical characterization of bacterial isolates from sediment samples
	S.No.
	Test
	Species 1
	Species 2
	Species 3
	Species 4

	1
	Gram staining
	Gram-negative
	Gram-negative
	Gram-negative
	Gram-negative

	2
	Shape
	Rod
	Rod-shaped bacilli
	Rod
	Rod shaped

	3
	MR Test
	+
	+
	+
	+

	4
	VP Test
	-
	-
	-
	+

	5
	TSI Test
	No gas production
	H₂S  production
	Gas production
	No gas production

	6
	Indole Test
	-
	-
	+
	-

	7
	Citrate Test
	-
	+
	-
	-

	8
	Catalase Test
	+
	+
	+
	Positive

	9
	Oxidase Test
	-
	-
	-
	Negative

	10
	Mannitol motility Test
	-,-
	− , +
	-,+
	− ,−

	Bacteria
Identified
	Shigella spp.
	Salmonella spp.
	
Proteus spp.
	Acinetobacter spp.








Table 3. Antibiotic susceptibility profile of Shigella spp. isolated from sediment samples
	S.No.
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	
	S
	I
	R
	
	

	1
	Ampicillin
	AMP
	10
	≥24
	23-18
	≤17
	17
	R

	2
	Tetracycline
	TE
	30
	≥19
	15-18
	≤14
	13
	R

	3
	Vancomycin
	VA
	30
	≥17
	13-16
	≤12
	11
	R

	4
	Norfloxacin
	NX
	10
	≥17
	13-16
	≤12
	28
	S

	5
	Cefepime
	CPM
	30
	≥24
	19-23
	≤18
	23
	I

	6
	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	27
	S

	7
	Gatifloxacin
	GAT
	5
	≥23
	22-20
	≤19
	17
	R

	8
	Gentamicin
	GEN
	10
	≥15
	13-14
	≤12
	26
	S

	9
	Imipenem
	IPM
	10
	≥23
	20-22
	≤19
	20
	I

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



    Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were            interpreted following CLSI guidelines. The values are expressed in mm.
Table 4. Antibiotic susceptibility profile of Salmonella spp. isolated from sediment samples
	S.No.
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	
	S
	I
	R
	
	

	1
	Ampicillin
	AMP
	10
	≥17
	14-16
	≤13
	12
	R

	2
	Tetracycline
	TE
	30
	≥19
	15-17
	≤14
	13
	R

	3
	Vancomycin
	VA
	30
	≥17
	13-16
	≤12
	7
	R

	4
	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	9
	R

	5
	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	17
	I

	6
	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	27
	S

	7
	Gatifloxacin
	GAT
	5
	≥17
	14-16
	≤13
	14
	I

	8
	Gentamicin
	GEN
	10
	≥20
	14-19
	≤13
	13
	R

	9
	Imipenem
	IPM
	10
	≥22
	19-21
	≤18
	25
	S

	10
	Tobramycin
	TOB
	10
	≥15
	13-14
	≤12
	21
	S



Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) were interpreted following CLSI guidelines. The values are expressed in mm.
Table 5. Antibiotic susceptibility profile of Proteus spp. isolated from sediment samples
	S.No.
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	
	S
	I
	R
	
	

	1
	Ampicillin
	AMP
	10
	≥29
	28-17
	≤16
	9
	R

	2
	Tetracycline
	TE
	30
	≥19
	15-18
	≤14
	11
	R

	3
	Vancomycin
	VA
	30
	≥15
	11-14
	≤10
	17
	S

	4
	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	22
	S

	5
	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	15
	I

	6
	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	27
	S

	7
	Gatifloxacin
	GAT
	5
	≥18
	15-17
	≤14
	25
	S

	8
	Gentamicin
	GEN
	10
	≥15
	13-14
	≤12
	20
	S

	9
	Imipenem
	IPM
	10
	≥23
	20-22
	≤19
	39
	S

	10
	Tobramycin
	TOB
	10
	≥18
	16-17
	≤15
	15
	R



Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) was            interpreted following CLSI guidelines. The values are expressed in mm.
	S. No.
	Antibiotics
	Symbol
	Concentration
(mcg)
	Zone diameter interpretative criteria (mm)
	Disc diffusion      (mm)
	Interpretation

	
	
	
	
	S
	I
	R
	
	

	1
	Ampicillin
	AMP
	10
	≥15
	12-14
	≤11
	7
	R

	2
	Tetracycline
	TE
	30
	≥15
	12-14
	≤11
	11
	R

	3
	Vancomycin
	VA
	30
	-
	-
	-
	10
	-

	4
	Norfloxacin
	NX
	10
	≥17
	14-16
	≤13
	13
	R

	5
	Cefepime
	CPM
	30
	≥18
	15-17
	≤14
	14
	R

	6
	Chloramphenicol
	C
	30
	≥18
	13-17
	≤12
	17
	I

	7
	Gatifloxacin
	GAT
	5
	≥18
	15-17
	≤14
	24
	S

	8
	Gentamicin
	GEN
	10
	≥15
	13-14
	≤12
	20
	S

	9
	Imipenem
	IPM
	10
	≥22
	19-21
	≤18
	18
	R

	10
	Tobramycin
	TOB
	10
	≥15
	13-14
	≤12
	22
	S


Table 6. Antibiotic susceptibility profile of Acinetobacter spp. isolated from sediment samples
Zone diameter interpretative criteria (S – Sensitive, I – Intermediate, R – Resistant) was            interpreted following CLSI guidelines. The values are expressed in mm.
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Figure 1. Antibiotic susceptibility pattern of bacterial isolates recovered from sediment samples using the disc diffusion method. Plates A–D represent the susceptibility profiles of Shigella spp. (A), Salmonella spp. (B), Proteus spp. (C), and Acinetobacter spp. (D), showing varying zones of inhibition against the tested antibiotics.
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