Isolation, Identification, and Antibiotic Resistance of Common Pathogens in Hospital Drain Water from Dhaka and Surrounding Areas, Bangladesh
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ABSTRACT 

	The global rise of antimicrobial resistance has emerged as a pressing public health concern, particularly in developing countries, where untreated hospital effluents are a major contributor to environmental contamination. This study aimed to isolate, identify, and assess the antibiotic susceptibility patterns of the most prevalent organisms in hospital drain water from Dhaka city and its surrounding regions in Bangladesh. A total of nine wastewater samples were collected from a large reservoir adjacent to the populated hospitals. Standard microbiological techniques, including selective culturing on MacConkey and Eosin Methylene Blue agars, Gram staining, and a series of biochemical tests, were employed to identify the isolates.  Antimicrobial susceptibility testing was performed using a range of commonly used antibiotics. The findings revealed a high prevalence of Escherichia coli and Klebsiella spp.  Both organisms exhibited multidrug resistance (MDR) to several antibiotics, including ampicillin, amoxicillin, and nalidixic acid. Norfloxacin antibiotic was found to be more effective, 68% and 64% susceptible against Klebsiella spp. and Escherichia coli, respectively.  Klebsiella spp. and Escherichia coli isolates were found 100% resistant to Vancomycin and Ampicillin. The resistance patterns suggest the presence of extended-spectrum β-lactamase (ESBL)-producing strains, posing a potential threat to community health. The results emphasize the alarming role of untreated hospital wastewater as a reservoir and vector for MDR pathogens, which can contaminate the broader environment, including water bodies used for irrigation and household consumption.
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1. INTRODUCTION 

Antibiotics are powerful and lifesaving medications that prevent severe bacterial infections. It has multifaceted roles in the clinical management of bacterial diseases since the 1940s. Now, antimicrobial resistance (AMR) poses a global health challenge due to its arbitrary misuse. The rising threat of antibiotic resistance has become a major global health concern, with profound implications for the treatment of infectious diseases. One of the greatest concerns in the rise of antimicrobial resistance (AMR) is the increase of multidrug resistance in opportunistic pathogens: species that are usually non-pathogenic when encountering healthy individuals, but can cause severe infections in vulnerable populations (McCallum and Hall, 2025). The World Health Organization (WHO, 2019) has warned that drug-resistant diseases could cause 10 million deaths each year by 2050 and damage to the economy as catastrophic as the 2008-2009 global financial crisis. Resistance arises from the ability of bacteria to evade the effects of antibiotics through genetic adaptations, which are often exacerbated by the misuse and overuse of these medications in healthcare and agricultural practices (Ventola C. L., 2015). Hospitals are critical hubs of antibiotic usage, making their wastewater streams significant reservoirs of antibiotic-resistant bacteria. Hospital effluents are usually discharged into the urban sewer system, where they mix with other effluents before finally being treated in the sewage treatment plant (co-treatment) (Aukidy et al., 2017). Hospital and agricultural wastewater is mostly responsible for causing environmental pollution by spreading unmetabolized antibiotics and resistant bacteria, especially in Bangladesh (Akter et al., 2012). Inadequate wastewater treatment further compounds this issue, allowing resistant strains to enter natural ecosystems and potentially transfer resistance to other bacterial populations (Pruden et al., 2006). Studies in South Asia, including Bangladesh, have revealed alarming levels of resistance in bacteria isolated from untreated hospital effluents, highlighting the region's vulnerability due to its limited wastewater management infrastructure (Ali et al., 2018). Gram-negative bacteria, particularly Escherichia coli and Klebsiella spp., are frequently implicated in antibiotic resistance studies due to their role as common pathogens and their ability to acquire resistance genes. These bacteria are known for their involvement in nosocomial infections such as urinary tract infections, pneumonia, and septicemia. Moreover, their capacity for horizontal gene transfer through plasmids and transposons makes them efficient disseminators of resistance traits (Carattoli A., 2009). The presence of these pathogens in hospital wastewater is particularly concerning as they can persist in the environment and potentially affect human health through direct exposure or consumption of contaminated water and food (Berendonk et al., 2015). In developing countries like Bangladesh, the challenge is amplified by the lack of stringent policies and modern infrastructure for wastewater treatment. Hospital wastewater is often discharged directly into local water bodies, contaminating open water and agricultural lands. This type of environmental exposure increases the risk of antibiotic-resistant infections in the community. It is crucial to investigate the prevalence of antibiotic-resistant Escherichia coli and Klebsiella spp. in hospital wastewater and their potential contribution to the global antibiotic resistance crisis. This study aims to provide insights into these issues and inform the present status of wastewater management and antibiotic stewardship.

2. materialS and methods 

Hospital-drained water serves as a significant reservoir for pathogenic microorganisms, including Klebsiella spp. and Escherichia coli (E. coli), which are known to cause a wide range of infections in humans. In Dhaka City, rapid urbanization and inadequate wastewater management further exacerbate the risks associated with the presence of these pathogens in hospital effluents. The isolation and identification of Klebsiella spp. and E. coli from hospital drain water are critical for monitoring potential environmental and public health risks. 
2.1 Study Design
A well-designed clinical study minimizes bias and maximizes reliable and accurate results. The study was designed with a pre-defined research plan (Fig.1). Most of the large hospitals were selected for investigation. The disposing canal was a main target for our sample collection. 
Fig. 1. Schematic workflow chart.

2.2 Study Time, Sites, and Sample Collection
The study was conducted from September 2024 to December 2024. Nine drain water samples were collected from different hospitals located in Dhaka and the nearby city using an aseptic technique (Table 1). The hospital drain water samples were collected from the sampling sites in a sterile collection bottle that had been previously autoclaved. Each sample was properly labeled with the date. A minimum of 250 mL of samples was collected aseptically in a clean glass bottle. The specimens were transported under aseptic conditions quickly to the Microbiology Laboratory and subjected to bacterial culturing. 

Table1. Location and the name of hospitals with their sample Identification Number (ID) 

	Location
	Hospital name
	Sample ID

	Mohakhali, Dhaka
	TB Hospital
	TB

	Mohakhali, Dhaka
	National Institute of Diseases of the chest and Hospital
	ND

	Mirpur-14, Dhaka
	Dental Hospital
	DH

	Mohammadpur, Dhaka
	Shaheed Suhrawardy Medical College and Hospital
	SS

	Shyamoli, Dhaka
	Child Health and Hospital
	CH

	Shyamoli, Dhaka
	Orthopedic Hospital
	OH

	Dhaka
	Dhaka Imperial Hospital 
	DI

	Dhaka
	Aichi Hospital
	AH

	Gazipur, Dahaka
	[bookmark: _Toc204477100]Tairunnesa Medical College Hospital
	TM




2.3 Sample Transportation and Processing
Collected samples were placed on a 4°C ice box to inhibit the growth of microorganisms and were immediately transported (within 2 hrs) to the Microbiology research laboratory for analysis. Distilled water was used as a control during analysis. Serially diluted samples were spread over MacConkey agar and EMB Agar media and incubated for 24 hours at 37ºC for the isolation of Gram-negative enteric bacteria, mainly Klebsiella spp. and E. coli. Distinct colonies were selected from the plates, and the pure cultures were subjected to biochemical tests. Following different biochemical and morphological characteristics, the isolates were identified.

2.4 Enumeration of Bacterial Count
[bookmark: _Hlk208516610]Wastewater samples were serially diluted with sterile normal saline (0.85%) up to 10−7 to be used for further microbial analysis.  After the serial dilution, the spread plate technique was employed in Plate Count Agar (PCA) to count the colonies phenotypically. One milliliter sample from each of 10−3, 10−5, and 10−7 dilutions was spread on the MacConkey (MCA) & Eosin Methylene Blue (EMB) agar media using a sterile spreader. Following incubation at 37°C for 24 hours, the individual colonies on each plate were enumerated and recorded.

2.5 Representative colony selection
For isolation and identification, representative colonies were selected randomly. Colony morphology (size, shape, color), microscopy, and sugar fermentation were the criteria used to identify these isolates (Cappuccino & Sherman, 1983).  The colonies were counted, examined, and recorded as the number of colony-forming units (CFU) per milliliter (mL) of water. After incubation, the representative colonies were picked and sub-cultured on different selective media, such as EMB for the isolation of E. coli and MCA for the isolation of Klebsiella spp. The plates were incubated at 37°C for 24 hours. The isolates were identified based on various biochemical and physical characteristics. After isolating pure colonies, a single colony was selected and streaked onto nutrient agar plates for identification based on its microscopic, physiological, and biochemical characteristics (Bergey D. H., 1994). 

2.6 Identification
2.6.1 Gram staining
      The most important differential stain used in bacteriology is the Gram stain, named after Dr. Christian Gram. It divides bacterial cells into two major groups, gram-positive and gram-negative, which makes it an essential tool for classification and differentiation of microorganisms. The Gram stain reaction is based on the difference in the chemical composition of bacterial cell walls. 

2.6.2 Biochemical Tests
2.6.2.1 Triple Sugar Iron Agar Test
This test differentiates among members of the Enterobacteriaceae and also distinguishes between the Enterobacteriaceae and other groups of intestinal bacilli.

2.6.2.2 Indole Production Test
Tryptophan is an essential amino acid that can undergo oxidation by way of the enzymatic activities of some bacteria. The enzyme tryptophanase mediates the conversion of tryptophan into metabolic products. This test determines the ability of microorganisms to degrade the aromatic amino acid tryptophan.

2.6.2.3 Methyl Red (MR) Test
The MR test determines the ability of microorganisms to oxidize glucose with the production and stabilization of high concentrations of acid end products, as well as differentiates between all glucose-oxidizing enteric organisms, particularly E. coli and E. aerogenes.

2.6.2.4 Voges-Proskauer (VP) Test
The VP test differentiates further among enteric organisms such as E. coli, Enterobacter aerogenes, and Klebsiella pneumoniae.

2.6.2.5 Citrate Utilization Test
In the absence of fermentable glucose or lactose, some microorganisms are capable of using citrate as a sole carbon source for cellular metabolism. The ability depends on the presence of a citrate permease that facilitates the transport of citrate into the cell. Citrate is the first major intermediate in the Krebs cycle and is produced by the condensation of acetyl-CoA with oxaloacetate. This test differentiates among enteric organisms based on their ability to ferment citrate as a sole carbon source.

2.6.2.6 Urease Test
Urease, which is produced by some microorganisms, is an enzyme that is especially helpful in the identification of Proteus vulgaris. Although other organisms may produce urease. Therefore, this test serves to rapidly distinguish members of this genus from other non-lactose-fermenting enteric microorganisms. Urease is a hydrolytic enzyme that attacks the nitrogen and carbon bond in amide compounds such as urea and forms the alkaline end product ammonia. This test determines the ability of microorganisms to degrade urea by means of the enzyme urease.

2.6.2.7 Catalase Test
During aerobic respiration, microorganisms produce hydrogen peroxide and, in some cases, an extremely toxic superoxide. Accumulation of these substances will result in the death of the organism unless they can be enzymatically degraded. These substances are produced when aerobes, facultative anaerobes, and microaerophiles use the aerobic respiratory pathway, in which oxygen is the final electron acceptor, during the degradation of carbohydrates for energy production. Organisms capable of producing catalase rapidly degrade hydrogen peroxide. This test determines the ability of some microorganisms to degrade hydrogen peroxide by producing the enzyme catalase.

2.6.2.8 Oxidase Test
Oxidase enzymes play a vital role in the operation of the electron transport system during aerobic respiration. Cytochrome oxidase catalyzes the oxidation of a reduced cytochrome by molecular oxygen (O2), resulting in the formation of H₂O or H₂O2. Aerobic bacteria, as well as some facultative anaerobes and microaerophiles, exhibit oxidase activity. The oxidase test aids in differentiation among members of the genera Neisseria and Pseudomonas, which are oxidase-positive, and Enterobacteriaceae, which are oxidase-negative.

2.6.2.9 The Antibiotic Susceptibility Test
The available chemotherapeutic agents vary in their scope of antimicrobial activity. Some have a limited spectrum of activity, being effective against only one group of microorganisms. Others exhibit broad-spectrum activity against a range of microorganisms. The drug susceptibility of many pathogenic microorganisms is known, but it is sometimes necessary to test several agents to determine the drug of choice. A standardized filter-paper disc-agar diffusion procedure, known as the Kirby-Bauer method, is frequently used to determine the drug susceptibility of isolated microorganisms (Hudzicki, 2009). This method allows the rapid determination of the efficacy of a drug by measuring the diameter of the zone of inhibition that results from diffusion of the agent into the medium surrounding the disc. In this procedure, filter-paper discs of uniform size are impregnated with specified concentrations of antibiotics and then placed on the surface of an agar plate that has been seeded with the organism to be tested. The medium of choice is Mueller-Hinton agar, with a pH of 7.2 to 7.4, which is poured into plates to a uniform depth of 5 mm and refrigerated after solidification. Before use, the plates are transferred to an incubator at 37°C for 10 to 20 minutes to dry off the moisture that develops on the agar surface. The plates are then heavily inoculated with a standardized inoculum by means of a cotton swab to ensure the confluent growth of the organism. The discs are aseptically applied to the surface of the agar plate at well-spaced intervals. Once applied, each disc is gently touched with a sterile applicator stick to ensure its firm contact with the agar surface. Following incubation, the plates are examined for the presence of growth inhibition, which is indicated by a clear zone surrounding each disc. The susceptibility of an organism against a drug is measured by the size of the zone of inhibition. A measurement of the diameter of the zone of inhibition in millimeters is made, and its size is compared to that contained in a standardized chart (Table 2). Based on this comparison, the test organism is determined to be resistant, intermediate, or susceptible to the antibiotic.
Table 2. Antibiotic Susceptibility Testing Table
	Serial No.
	Antimicrobial agents
	Disc concentration (μg)
	Inhibition zone diameter (in mm)

	
	
	
	Susceptible
	Intermediate
	Resistant

	01
	Amoxicillin (AX) 
	30
	≥ 17
	14-16
	≤ 13

	02
	Ampicillin (AM)
	10
	≥ 17
	14-16
	≤ 13

	03
	Amikacin (AK)
	30
	≥ 17
	15-16
	≤ 14

	04
	Azithromycin (AZM)
	15
	≥ 18
	14-17
	≤ 13

	05
	Ciprofloxacin (CIP)
	5
	≥ 22
	20-21
	≤ 19

	06
	Cephalexin (CL)
	30
	≥ 18
	15-17
	≤ 14

	07
	Ceftriaxone (CRO)
	30
	≥ 23
	20-22
	≤ 19

	08
	Cefoxitin (FOX)
	30
	≥ 18
	15-17
	≤ 14

	09
	Chloramphenicol(C)
	30
	≥ 18
	13-17
	≤ 12

	10
	Gentamycin (CN)
	10
	≥ 15
	13-14
	≤ 12

	11
	Nalidixic acid (NA)
	30
	≥ 19
	14-18
	≤ 13

	12
	Norfloxacin (NX)
	10
	≥ 17
	13-16
	≤ 12

	13
	Sulphamethoxazole (SXT)
	25
	≥ 16
	11-15
	≤ 10

	14
	Tetracycline (TE)
	10
	≥ 15
	12-14
	≤ 11

	15
	Vancomycin (VA)
	30
	≥ 18
	13-17
	≤ 12


Source: Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Disk Susceptibility Tests, Tenth Edition, 2008 (Clinical and Laboratory Standards Institute, 2015). 

2.6.2.10 Statistical analysis
Most of the data were analyzed using Microsoft Excel at a 95% confidence level. The error bars containing the standard deviation were added in Figures 3 and 4. It was less than 5%.


3. results and discussion

3.1 Bacterial Count and Isolation
The total Gram-negative bacterial counts on MacConkey agar media demonstrated a consistently high microbial load across all examined sample sources. In the undiluted (original) samples, both lactose-fermenting and non-lactose-fermenting bacterial colonies were observed as "too numerous to count" (TNTC), indicating a very high concentration of Gram-negative bacteria in the original state of the samples. As the samples were serially diluted from 10⁻¹ to 10⁻7, distinct colony counts became visible, particularly within the 10⁻² to 10⁻⁴ dilutions, where the colony numbers typically fell within a countable range (20–200 CFU/mL), suggesting these dilutions were ideal for quantitative microbial analysis.
The results of the isolation and selection process for pure cultures on MacConkey Agar (MCA) and Eosin Methylene Blue (EMB) Agar demonstrated a diverse range of colonial morphologies among Gram-negative bacterial isolates, particularly Escherichia coli and Klebsiella spp. A total of 50 isolates were characterized from different sources and dilutions, with clear distinctions based on colony appearance on selective media. Colonies grown on MCA, which primarily support the growth of Gram-negative lactose fermenters, were consistently pink, circular in shape, and displayed varying sizes (small to large), with entire margins and elevations ranging from flat to raised or convex. This uniform pink coloration confirms the presence of lactose fermenters, likely coliform bacteria (e.g., E. coli, Klebsiella spp.). On the other hand, colonies isolated on EMB agar, which is selective and differential for E. coli, predominantly exhibited a small, circular morphology with a distinctive green metallic sheen, a hallmark trait of E. coli due to vigorous lactose fermentation and acid production (Fig. 2).
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a) Eosin Methylene Blue Agar                            b) MacConkey Agar 

Fig. 2. Isolation of Escherichia coli (a) and Klebsiella spp. (b) on selective media.


3.2 Identification of the Selected Organisms

The biochemical test results of the selected isolates revealed the presence of two predominant Gram-negative bacteria: Klebsiella spp. and Escherichia coli, confirmed by their distinct biochemical profiles (Table 3). All isolates were Gram-negative rods, either short or full-length, and showed yellow slants and butts in Triple Sugar Iron (TSI) agar tests, indicating fermentation of glucose, lactose, and sucrose, without hydrogen sulfide (H₂S) production. Isolates identified as Klebsiella were generally indole-negative, methyl red (MR)-negative, Voges-Proskauer (VP)-positive, and citrate-positive, which is characteristic of this genus. These isolates were also oxidase-negative and catalase-positive, aligning with typical Klebsiella behavior. In contrast, isolates identified as E. coli were indole-positive, MR-positive, VP-negative, and citrate-negative, consistent with the standard metabolic traits of this species. Like Klebsiella, E. coli isolates were also oxidase-negative and catalase-positive.








Table 3. Biochemical test results of selected isolates
	Isolate’s ID
	Gram’s Staining
	TSI
	Indole
	MR
	VP
	Citrate
	Oxidase
	Catalase
	Suspected Microorganism

	
	Type
	Shape
	Slant
	Butt
	Glucose
	Lactose
	Sucrose
	H2S
	Gas
	
	
	
	
	
	
	

	TB-1
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	TB-2
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	TB-3
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   TB-4
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   ND-5
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   ND-6
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   ND-7
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   ND-8
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   ND-9
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   ND-10
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   DH-11
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   DH-12
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   DH-13
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   DH-14
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   DH-15
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   DH-16
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   DH-17
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   SS-18
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   SS-19
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   SS-20
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   SS-21
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   SS-22
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   CH-23
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   CH-24
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   CH-25
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   CH-26
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   CH-27
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	   OR-28
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   OR-29
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   OR-30
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	   OR-31
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	 OR-32
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	DI-33
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	DI-34
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	DI-35
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	DI-36
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	DI-37
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	DI-38
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	AC-39
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	AC-40
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	AC-41
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	AC-42
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	AC-43
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	TM-44
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	TM-45
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	TM-46
	-ve
	Rod
	Y
	Y
	+
	+
	+
	-
	-
	-
	+
	+
	+
	-
	+
	Klebsiella

	TM-47
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	TM-48
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	TM-49
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli

	TM-50
	-ve
	Short Rod
	Y
	Y
	+
	+
	+
	-
	+
	+
	+
	-
	-
	-
	+
	E. coli



Note: Y = Yellow (acidic)
3.3 Antibiotic susceptibility test result
The selected total of 50 isolates (Escherichia coli, 25 and Klebsiella spp., 25) from each of the representative groups were tested for their antimicrobial susceptibility pattern using fifteen different antibiotics by the standardized agar-disk-diffusion method known as the Kirby-Bauer method. It was a modification of Bauer's method. Commercially available antibiotic disks and Mueller-Hinton agar were used for the antimicrobial assay. CLSI guidelines were used to identify Resistant (R), Intermediate (I), and Sensitive (S) organisms (Table 2).

3.3.1 Antibiotic susceptibility pattern 
Klebsiella spp. and E. coli isolates were shown 60% and 44% sensitive against Chloramphenicol (C) (Fig. 3). Norfloxacin (NX) antibiotics were found to be more effective, 68% and 64% against Klebsiella spp. and E. coli, respectively. Klebsiella and E. coli exhibited 48% and 52 % sensitive results against Sulphamethoxazole (SXT). Norfloxacin (NX) and Chloramphenicol (C) are shown to have higher effectiveness against Klebsiella spp. and E. coli isolated from hospital drain water.


[bookmark: _Toc203902947]Fig. 3. Drug sensitivity feature of Klebsiella spp. and E. coli. 
3.3.2 Antibiotic-resistant pattern
Klebsiella spp. and E. coli isolates were found 100% resistant to Vancomycin (VA) and Ampicillin (AM), which means these antibiotics are not effective against these organisms (Fig. 4). On the other hand, E. coli was shown 84% resistant to Ceftriaxone (CRO) and 88% resistant to Cephalexin (CL).


Fig. 4. Drug-resistant feature of Klebsiella spp. and E. coli.
3.3.3 Multi-drug resistant pattern

 Many definitions are being used in order to characterize patterns of multidrug resistance in Gram-positive and Gram-negative organisms (Falagas et al., 2006; Cohen et al., 2008; Hidron et al., 2008; MacGowan A. P., 2008; Paterson D. L., 2006). In literal terms, MDR means ‘resistant to more than one antimicrobial agent’, but no standardized definitions for MDR have been agreed upon yet by the medical community (Magiorakos et al., 2012). Multidrug-resistant (MDR) bacteria are bacteria that are resistant to three or more classes of antimicrobial drugs (Magiorakos et al., 2012). The isolate exhibited resistance to only two classes of antibiotics that are not multidrug resistant. The Multiple Antibiotic Resistance (MAR) index is a valid and useful method of tracking, especially bacterial infections and drug resistance (Afunwa et al., 2020). Generally, a MAR index value higher than 0.2 indicates the isolate is multiple antibiotic resistant (Adefisoye et al., 2017). 

Klebsiella (K-1, 2, 23, 25) isolates were showing resistance to five antibiotics (Table 4). The MAR index for this isolate is 0.33. This isolate is termed multi-drug resistant due to its resistance to four classes of antibiotics. Klebsiella (K-7) was resistant to ten antibiotics. This multidrug-resistant isolate was resistant to seven classes of antibiotics. Most of the Klebsiella spp. (92%) were multidrug-resistant.
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	Antimicrobial resistance profile
	No. of used antibiotics
	MDR Index
	Number of used antibiotic classes
	No. of isolates (N)
	Sources (Isolate ID)
	Multi-drug resistance N (%)

	AM-VA
	2
	0.13
	2
	1
	K-18
	23 (92%)

	AM-AX-VA
	3
	0.20
	2
	1
	K-19
	

	AK-AM-CL-CN-VA
	5
	0.33
	4
	1
	K-1
	

	AK-AM-AX-CL-VA
	5
	0.33
	4
	1
	K-2
	

	AM-AZM-CL-TE-VA
	5
	0.33
	5
	1
	K-23
	

	AM-AZM-CL-FOX-VA
	5
	0.33
	5
	1
	K-25
	

	AM-AX-FOX-SXT-TE-VA
	6
	0.40
	5
	1
	K-24
	

	AM-AZM-CL-CRO-NA-VA
	6
	0.40
	5
	1
	K21
	

	AK-AM-CL-CRO-FOX-TE-VA
	7
	0.47
	5
	1
	K5
	

	AM-AX-AZM- CIP- CRO-NA-SXT-VA
	8
	0.53
	7
	1
	K-22
	

	AK-AM-AX-CIP-CL-FOX- TE-VA
	8
	0.53
	6
	1
	K-20
	

	AM-AX-CL-CRO-FOX-NA- SXT-TE- VA
	9
	0.60
	6
	1
	K-4
	

	AK -AM -AX- CL- CRO-FOX-NA-TE-VA
	9
	0.60
	6
	1
	K-8
	

	AK-AM-AX-CIP-CL-CN-CRO-TE-VA
	9
	0.60
	7
	1
	K-12
	

	AM -AX--AZM -C-CIP-CL-CN-SXT-TE-VA
	10
	0.67
	9
	1
	K-7
	

	AK-AM-AX-AZM-CIP-CL-CN-FOX-TE-VA
	10
	0.67
	7
	1
	K-10
	

	AK-AM-CIP-CL-CN-CRO-FOX-SXT-TE-VA
	10
	0.67
	7
	1
	K-17
	

	AK-AM-AX-C-CL-CRO-FOX-NA-SXT-VA
	10
	0.67
	7
	1
	K-15
	

	AM-AX-AZM-CIP-CL-CRO-FOX-NA-NX-SXT-TE-VA
	12
	0.80
	9
	1
	K-3
	

	AK-AM-AZM-CIP-CL-CN-CRO-FOX-NA-NX- SXT-TE- VA
	12
	0.80
	9
	1
	K-13
	

	AM-AX-AZM-C-CIP- CL- CRO-FOX-NA-NX-SXT-TE-VA
	13
	0.87
	10
	1
	K-9
	

	AK-AM-AZM-C-CIP-CL-CRO-FOX-NA-NX- SXT- TE-VA
	13
	0.87
	10
	1
	K-6
	

	AK-AM-AX-CIP-CL-CN-CRO-FOX-NA-NX-SXT-TE-VA
	13
	0.87
	9
	1
	K-11
	

	AK-AM-AX-AZM-C-CIP-CL-CN-CRO-FOX-NA-TE-VA
	13
	0.87
	9
	1
	K-14
	

	AK-AM-AX-AZM-C-CIP-CL-CN-CRO-FOX-NA-SXT-TE-VA
	14
	0.93
	9
	1
	K-16
	




In case of E. coli (E-6, 16, 19), the isolates were showing resistance to ten antibiotics (Table 5). The MAR index for this isolate is 0.93. These isolates were resistant to ten classes of antibiotics. Most of the E. coli (96%) were multidrug-resistant.
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Table 5. Resistance pattern of E. coli
	Antimicrobial resistance profile
	No. of used antibiotics
	MDR Index
	Number of used antibiotic classes
	No. of isolates (N)
	Sources (Isolate ID)
	Multi-drug resistance N (%)

	AM-AX-VA
	3
	0.20
	2
	1
	E-25
	24 (96%) 

	AM-AZM-FOX- VA
	4
	0.27
	4
	1
	E-24
	

	AM- CL-CRO- SXT -VA
	5
	0.33
	4
	1
	E-23
	

	AK-AM-AX- CN-CRO-VA
	6
	0.40
	4
	1
	E-1
	

	AM-AX-AZM-CL-CRO- VA
	6
	0.40
	4
	1
	E-22
	

	AM-CL-CRO-NA-SXT-VA
	6
	0.40
	5
	1
	E-8
	

	AK-AM- CL-CN-CRO-TE -VA
	7
	0.47
	5
	1
	E-21
	

	AM-AX-AZM-CL-CRO-NA-VA
	7
	0.47
	5
	1
	E-20
	

	AM-C-CIP-CL-NA-NX-VA
	7
	0.47
	7
	1
	E-10
	

	AK-AM- CIP-CL-FOX-NA- VA
	7
	0.47
	6
	1
	E-9
	

	AK-AM-AX- CL-CRO- TE-VA
	7
	0.47
	5
	1
	E-13
	

	AK-AM-CIP-CL-CRO-FOX-TE-VA
	8
	0.53
	6
	1
	E-3
	

	AK-AM-CL-CN-CRO-NA-TE-VA
	8
	0.53
	6
	1
	E-5
	

	AM-CIP-CL-CRO-FOX-NA-SXT- VA
	8
	0.53
	6
	1
	E-7
	

	AK-AM-AX-AZM-CL-CRO-NA-TE-VA
	9
	0.60
	7
	1
	E-12
	

	AK-AM- AZM- CL-CN-CRO-FOX- NA- VA
	9
	0.60
	6
	1
	E-14
	

	AK-AM-AX-AZM-CL-CN-CRO-FOX- TE-VA
	10
	0.67
	6
	1
	E-4
	

	AK-AM-AZM-CIP-CL- CRO-FOX-NA-TE-VA
	10
	0.67
	8
	1
	E-17
	

	AK-AM-C-CIP-CL-CN-CRO-FOX-NA-SXT-VA
	11
	0.73
	7
	1
	E-2
	

	AK-AM-AZM-CIP-CL-CRO-FOX-NA-NX-SXT-TE-VA
	12
	0.80
	10
	1
	E-15
	

	AK-AM-C-CIP-CL- CRO-FOX-NA-NX-SXT-TE-VA
	12
	0.80
	10
	1
	E-11
	

	AK-AM-AX-AZM-CL-CN-CRO-FOX-NA-NX-SXT-TE-VA
	13
	0.87
	9
	1
	E-18
	

	AK-AM-AX-AZM-CIP-CL-CN-CRO-FOX-NA-NX-SXT-TE-VA
	14
	0.93
	10
	2
	E-6,19
	

	AK-AM-AX-AZM-C-CIP-CL-CRO-FOX-NA-NX-SXT-TE-VA
	14
	0.93
	10
	1
	E-16
	





4. Conclusion
This study highlights the significant presence and multidrug resistance patterns of Escherichia coli and Klebsiella spp. isolated from hospital drain water in Dhaka city and its surrounding areas. The biochemical identification of these gram-negative bacteria, along with antibiotic susceptibility testing, confirmed that a considerable number of isolates exhibited resistance to multiple antibiotic classes, including β-lactams, fluoroquinolones, and aminoglycosides. The high prevalence of multidrug-resistant (MDR) strains suggests that hospital wastewater serves as a potent environmental reservoir for antimicrobial-resistant bacteria. The results indicate that untreated or poorly treated hospital effluents are not only a threat to nearby water bodies but also pose a serious public health risk through environmental dissemination and potential re-entry into human populations. The presence of resistant bacteria in wastewater environments can facilitate the spread of drug resistance even to non-pathogenic or previously susceptible strains. The findings underscore the urgent need for effective hospital wastewater treatment, robust surveillance systems, and the enforcement of environmental discharge regulations. Addressing the issue requires a One Health approach, recognizing the interdependence of human, animal, and environmental health. In conclusion, this study provides important baseline data for future antimicrobial resistance monitoring and policy development for hospital drain water. Without immediate and coordinated action, the unchecked spread of MDR pathogens through hospital effluents could further undermine the efficacy of existing antibiotics, posing a major challenge to public health. The authority should take steps to set up an effluent treatment plant at every hospital to mitigate the risk of spreading MDR pathogens. 
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Antibiotic Susceptibility Testing
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