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ABSTRACT
This study investigated the antibiotic resistance patterns of bacteria isolated from hospital wastewater. Two water samples were taken from two separate points at the effluent discharge area of a private hospital. The physical and chemical parameters of the wastewater, including pH, electrical conductivity, and total solids were determined. The samples were then subjected to presumptive tests for coliforms as well as determination of total bacterial counts. A series of microbiological and biochemical tests were conducted to identify and characterize bacterial isolates from the samples. The results showed the pH of the samples to be neutral; the total solids were within range and the conductivity was 422 s/m. The total bacterial counts ranged from 1.5 x 102 CFU/ml to 2.12 x 102 CFU/ml. The bacterial isolates included various pathogenic bacteria, notably Bacillus spp, Staphylococcus spp, Escherichia coli, Pseudomonas spp and Salmonella spp.  Antibiotic susceptibility testing showed a high level of resistance to commonly used antibiotics such as Ampicillin, Levofloxacin, Ofloxacin, Ciprofloxacin, Gentamicin and Erythromycin. Some isolates showed intermediate sensitivity to gentamicin and ciprofloxacin, while resistance to Levofloxacin, Ofloxacin and Ciprofloxacin was also observed. The Multiple antibiotic resistance index of the isolates ranged from 0.5-1. The presence of multi-drug resistant strains highlights the public health risks associated with improper wastewater management in healthcare environments. This underscores the urgent need for effective treatment of hospital effluents before discharge into the environment.
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CHAPTER ONE 
INTRODUCTION
1.1 Background of the Study
 The unrestricted use of antibiotics and the irregular dosage to human has led to antibiotic pollution. Enzymes in the body breakdown antibiotic when taken, thus changing it to active substances that stop the growth of an infection. The remaining part of the antibiotic is excreted as urine or feces into the environment through sewage systems. This leads to increase of antibiotic levels in the environment. Pathogens mutate and grow immunity to antibiotic due to extra antibiotics in the ecosystem. (Kollef et al., 2017). Antibiotic-resistant bacteria are referred to as ‘super bugs’. An example is (MRSA) methicillin-resistant S.aureus. (Elshabrawy et al., 2017). In 2019, MRSA gave rise to about 100,000 infections which was one of the biggest hazard to the human health (Murray et al., 2022).
The exposure of antibiotic remnant in the environment is as a result of several design of antibiotic use. It is usually administered towards fighting against bacterial infections (Ben et al, 2019). Antibiotics administered to human and animal treatment are entering into the environment through excreta and urine. For that reason, optimizing and administering the use of antibiotics are the main elements in decreasing environmental contamination.   
Waste water treatment plants that collect waste water from different sources are considered the center for the diffusion of ARGs. This is because they are places for potential bacterial growth and genetic exchange (Baquero et al., 2008; Luo et al., 2014). Aerated sludge provides a good environmental conditions for the growth of bacteria, amoeba, protozoa, and other microorganisms. Sewage treatment plans are prospective antibiotic resistance incubators (Lambirth et al., 2018). 
   After treatment, the concentration of antibiotics increase with significance in contrast to their concentration upstream. Antibiotics tenacity in these waters can grow the potential collection of ARGs and increase transfer among bacterial population (Lambirth et al., 2018).
The increase in ARB is due to the favorable environment that is caused by landfills receiving sewage sludge. This leads to the transfer of ARGs by pairing to other environmental strains. This contributes to the spread of antibiotic resistance and serious public health issues (Anand et al., 2021). Hospital waste waters are known to be the center for antibiotic resistance. The hospital waste water contains a list of toxic substances such as disinfectants, pharmaceuticals and radionuclides for medical purpose. 
The inappropriate and unsuitable use of antibiotics which promotes selective pressure in human medicine makes strains of ARB in humans that are pushed out with feces and urine. It leads to contamination of the environment and sides the transfer of genetic determinants of antibiotic resistance to different microorganisms (Romero et al, 2017). 

1.2 Statement of the Problem 
Antibiotic resistance has been a worldwide health problem that has long be traced to humans and environmental component (Robinson et al., 2016). Many environmental accumulation are part of antibiotic resistance dissemination which includes water, hospital, industry, and several polluted ecological nooks (Marti et al., 2014; Huijbers et al., 2015). Resistance of bacterial pathogens towards antimicrobial therapies and the alarming multidrug resistance are increasing at a terrible rate (Muhlen and Dersch, 2016). Finding preventive measures against the development of antibiotic resistance has been a major worldwide issue for the community and public wellbeing (Chellat et al., 2016). Lots of infections that are caused by resistant microorganisms do not respond to conventional treatment and some last option antibiotic have lost their desirability.
   The utilization of huge amounts of antibiotics in animal farming brings about agro-ecosystem contamination between agricultural lands that has been introduced with contaminated manure as fertilizer and the spraying of crops with wastewater. Other worries rise from the inappropriate disposal of new medicinal products by releasing them into sewage systems. Wastewater treatment plants are used in treating antibiotic-contaminated wastewater therefore transfer of antibiotics is not 100% possible (Wang et al, 2017). Antibiotic remnant can have adverse effects in the ecosystem and in the human health as soon as it is in the environment through the ingestion of contaminated food water, through the offer to enlarge the resistant bacterial population and supporting selective pressure that aim for the growth of resistance in several sections in the environment (Jechalke et al, 2017). 
    Inappropriate discarding of antibiotics is an important part in the antibiotic occurrence into hospital wastewater. Absence of appropriate disposal exercise between physicians and patients demand targeted period of awareness about the side effects of inappropriate disposal in the environment (Kinrys et al, 2018). Sewage from the hospital is another important site of antibiotic remnant pollution (Lien et al, 2016).

1.3 Aim of the Study 
The aim of this study is to be able to analyze the antibiotic resistance pattern of bacteria isolated from hospital waste water.
2.4 Objectives of the Study
1. To isolate and identify bacterial species from hospital wastewater.
2. To determine the antibiotic resistance profiles of the isolates
3. To determine multiple antibiotic index (MAR) of resistant isolates.
























CHAPTER TWO
 LITERATURE REVIEW
2.1 Definition and Mechanisms of Antibiotic Resistance
Antibiotic resistance can be referred to as the ability for microorganism to withstand the reaction of antibiotic which inhibits its ability to grow and proliferate. (WHO, 2023)
 
Antibiotic action is categorized in 5 mechanisms. 
1. Restraint with synthesis of bacterial cell wall
2. Restraint in biosynthesis of bacterial protein
3. Restraint in synthesis of bacterial Nucleic acid 
4. Restraint in metabolic pathways 
5. Restraint in bacterial membrane function (Garima et al., 2018)
2.1.1Antibiotics restraining synthesis of cell wall  
 Cell walls of bacteria comprises of cross-linked peptidoglycan b-lactams example penicillin and glycopeptides like vancomycin, they obstruct peptidoglycan biosynthesis contributing to the cells vulnerability to osmotic pressure (Bush and Bradford, 2016). Glycopeptides obstructs synthesis of the cell wall which develops into inhibition of the Trans peptidase thereby stops ensuing expansion and cross linking in the peptidoglycan chain (Wang et al., 2018)

2.1.2 Antibiotics restraining synthesis of bacterial protein 
Aminoglycosides, like ‘neomycin and gentamicin’ stops protein synthesis by connecting to the site. Antibiotic expedites mistakes of codons after aminoacy-transfer RNA is sent. It accompanies to inaccurate protein synthesis which allows wrong amino acids to form within a polypeptide which loosed (Grossman, 2016).
There are two main types of antibiotic resistance. 
 Normal resistance which is normally shown in the organism. Acquired resistance is mostly the outcome of the bacteria obtaining genetic material through translation, transposition or conjugation (N.A. Leeminiaux, 2019) 
Antibiotic resistance is into four group,
1 Drug uptake limitation 
2 Drug target modification 
3 Drug inactivation 
4 Drug efflux 
1 Limiting drug uptake 
Gram-positive bacteria are more porous to some antibiotics than gram-negative bacteria. This is because gram negative produces a permeability protection according to the nature of a lipopolysaccharide surface (Blair et al, 2015). Present findings  shows that cutting back in porin expression leads to resistance to medications Like Carbapenem in the family of Enterobacterales order, Acinetobacter spp, and Pseudomonas spp. (Iredell et al, 2016). An additional mechanism which helps for the establishment of bacteria is Biofilm formation (Pang et al, 2019). The biofilm structure includes DNA, Protein polysaccharides that makes antimicrobial agents hard to proceed into the bacteria and ensuring protection (Hall and Mash, 2017). 

2 Drug Efflux
Bacterial effluent pumps transports various antibiotics out of the cell. They are essential a donators to gram negative bacteria inherent efflux resistance. Efflux pumps comes in various ways of several bacteria. 
· ATP binding cassette(ABC) family 
· Multi drug and toxic compound extrusion (MATE) family 
· Small multi drug resistance (SMR). 
· Large facilitator superfamily (MFS) 
· Family resistance modulation-cell design (RND) 
These are the main 5 families of the efflux pumps (Reygart, 2018). Clinically applicable phenotype inspired by efflux mechanism are resistance to macrolides class of antibiotic, they encode the best characterized efflux pumps. (Munita and Arias, 2016) 
 
3 Drug inactivation
Bacteria inactivates antibiotics by using two method 
i) Destroying the drug 
ii) The chemical adjustment to the drug (Blair et al, 2015) 
i. Chemical adjustment of the drug 
Bacteria produces enzyme that affix to several chemical groups to the drug. It averts the antibiotic from attaching to the prey within the bacterial cell. (Lin et al, 2015) 

ii. Destroying the drug 
Medicines like penicillin and cephalosporins are the most often working anti-microbial agent. The pursuit of b- lactamases pulls down b-lactase loop which is the main mechanism of b- lactase resistance (Bush and Bradford, 2016) 

4 Modification of drug target 
[image: ]A usual mechanism in which bacteria becomes resistant to antibiotic is the alteration of the antibiotic (Reygart, 2018). The structural adjustment like the growth of the mecA gene inside staphylococcus aureus lessen or totally stops the binding of drug (Foster, 2017). Adjustments in DNA grade are intervene by nucleic acid synthesis that are stopped by the resistance to drugs.(Nainu et al, 2022)

Fig 2.1: Modification of drug target
2.2 Examples of resistance bacterial strain
1. Enterobacteriaceae Carbapenem-resistant 
 Infections caused by Carbapenem-resistant Enterobacteriaceae (CRE) are of major worry to the public health authorities and clinicians due to its rising frequency, shortage of therapeutic alternatives, bad patient outcomes and fast community spread.  CRE transfer is the reason for the occurrence of clinical infection (French et al,. 2017). 
   The antibiotics Carbapenem in general are known to be the most powerful group of antimicrobial agent. It has a proven success in treating of patients that have serious bacterial infection which include the ones caused by other resistant strains. Carbapenem resistance is expected to the making of four carbapenemases. 
Class a: β-lactamases like Klebsiella Pneumonia (KPC)
Class b: β-lactamases like New Delhi metallo-β-lactamase (NDM) and Verona integrin-encoded metallo-β-lactamase (VIM)
Class D: β- lactamase like oxacillinase-48 (OXA) (Mills and Lee, 2019) 

2. Staphylococcus aureus, methicillin-resistant
The pathogen Methicillin-resistant Staphylococcus aureus has caused several infections which leads to severe mortality and morbidity globally. 
3. Polymyxin-resistance gene
The family of Polymyxin are the second best researched form of antibiotic resistance. This is because of the history of its use in animal making. They are recurrent cation polypeptides that select from outside membrane of Gram-negative bacteria (Sun et al, 2018). Colistin and Polymyxin B are two main polymyxins that is applied in human medicine (Liu et al, 2016). 
4. Tetraxycline-resistance genes.
The family of tetracycline which involves doxycycline, tetracycline, tigecycline and oxytetracycline are in the group of the most used antibiotics in the healthcare sectors in treating infections (Peiris et al, 2017; Zhang et al, 2015). Antibiotic resistant gene contains the ones that are in charge of the energy-dependent efflux pumps, ribosomal protection proteins and the ones that are included in enzymatic modification or inactivation (Kim et al, 2016). The too much consumption and appearance within the environment had resulted in increase in tetracycline resistance in several enteric like Enterobacter, Klebsiella, Salmonella and Aeromonas species (Lee and Wendy, 2017). 
5. Sulfonamide-resistance genes 
Sulfonamides, they are a group of synthetic antibiotics applied in the treatment of bacterial and protozoan infections in humans. Sulfadimethoxine and Sulfadiazine which are under sulfonamide stop dihydrofolic acid biosynthesis in Gram-negative and Gram-positive bacteria through joining plus interfering with dihydropteroate synthase. 

[image: ]
Table 2.1:Mechanism of drug resistance of common antibiotics


2.3 Hospital Wastewater as a reservoir of resistance 
   Hospital wastewater contains different pathogenic bacteria such as Enterococcus spp, Escherichia coli, Pseudomonas aeruginosa, which comes from patients, doctors, nurses, other healthcare workers and contaminated equipment (Selvarajan et al,. 2021). There are known bacterial pathogens found in the untreated wastewater from hospitals and other healthcare sectors that involves those from the group Acidobacteria, Spirochetes (Mijanur et al, 2021) with genus of Shigella, Klebsiella, Escherichia, Pseudomonas, Vibrio, Clostridium, and Staphylococcus (Tiwari et al., 2019)
   Hospital wastewater is an important and an overlooked part in the spread of ABR. It works as an important reservoir for antimicrobial resistance bacteria (Bansal, 2019). The wastewater that comes from healthcare regions covers several places like the laboratories, surgical rooms, patient’s rooms and pharmacy disposal waste (Ajala et al, 2022). If not treated, hospital waste water releases antimicrobial resistant bacteria into municipal sewage systems like rivers and other water parts. This causes the spread of these resistant strains into the environment and populations around (Korzeniewska et al, 2020). Hospital wastewater is a foundation for antibiotic resistant bacteria because of the increase in concentration of antibiotics and other pharmaceuticals. It contributes to the growth of antimicrobial resistant pathogenic bacteria and leads to the spread of infections worldwide (Khawaja et al, 2017). 
    Antimicrobial resistant bacteria can be increased due to the introduction of harmful compounds of antibiotics. This causes antibiotics to enter the environment through hospital wastewater which contains several biological compounds that includes human waste. The release of untreated hospital wastewater into open water bodies is still an ongoing practice in some countries especially developing ones. Wastewater sewage and specifically hospital wastewater sewage is known to be the main cause for the selection of antibiotic resistant genes between pathogenic and non-pathogenic microbes (Petrovich et al, 2019). 
   
[image: ]
Fig 2.2: cycle of hospital wastewater resistance
Lack of waste water treatment and its role in resistance proliferation
Hospital sewage is an important source of antibiotic due to their usage in the clinical section (Petrovich et al, 2020). The sewage from these hospitals add extremely to the antibiotic load of the wastewater sewage from hospitals. These has made them important places for the spread of Antibiotic resistant gene due to the predicted higher concentration of ARB and antibiotic remnant than that in other wastewater areas (Zilberman et al, 2020). It is important to regulate the discharge of hospital waste water into the environment. This can be done by monitoring the antibiotic resistance in the branch and final outflow of hospital wastewater. 
 

[image: ]
Fig 2.3: Hospital wastewater discharge point






2.4 Factors Influencing Resistance in Wastewater
   Alexander Fleming who first found out about antibiotics in the year 1928, has since changed the healthcare sector by reducing mortality and morbidity that comes with infectious disease. They fight against bacterial infections even in places where there are limited resources. The common use has made antibiotics the most prescribed drug worldwide even for small infections. (Muteeb et al., 2023). Factors like knowledge of the diseases, proper dosage and cost effectiveness are needed. Unluckily, the power of pharmaceutical industries has at times led to improper prescriptions, cost increment and risk of bad reactions to the patient (Lahariya et al.,2024). 
   The main reasons of antibiotic resistance is the misuse and overuse of antibiotics. Over 10 million mass of antibiotics are used globally which some are not given reasons for in the medical sector (Kumawat et al.,2023).  The overuse of these medications leads to the mutation of bacteria and formation of resistance mechanism due to the pressure that was put. The reliance on antibiotics for treatment of any disease and preventing it adds to the problem (Baran et al.,2023)
    The overuse of antibiotics by humans, which are let out in the form of municipal sewage adds to the problem and therefore municipal wastewater treatment plants (WWTPs) have since become one of the most important place of antibiotic resistance gene (ARGs) (Augeut et al., 2017; Nnadozie et al., 2017). The WWTPs was created to filter nutrient substances like phosphorous, carbon and nitrogen except antibiotics and ARGs. (Rafraf et al., 2016; Su et al., 2017). It is shown that the conditions of the WWTPs are conducive for the growth of antibiotic-resistant bacteria also the gathering of Antibiotic resistance gene.
   

2.5 Methods used to study resistance patterns 
1. Antimicrobial susceptibility testing 
   Bacteria is the major origin of infectious diseases. Antimicrobial susceptibility testing is a laboratory process used by medical scientists in order to identify the antimicrobial regimen which is effective for a single patient (Sawatzky et al, 2015). In some laboratories, several methods are being used such as the minimum inhibitory concentration (MIC) and disk diffusion (Humphries, 2020). Antimicrobial susceptibility testing are used for gram-positive example Staphylococcus aureus and Gram-negative bacteria example Pseudomonas Aeruginosa (Gajic et al, 2022). 
Minimum Inhibitory Concentration
The most used method in laboratories is agar dilution and broth dilution (CLSI, 2018). The usage of both dilution methods determines the minimum Inhibitory concentration (MIC) of antimicrobial agents which is the lowest concentration an agent can stop the development of a microorganism (Golus et al, 2016; Vasilijevic et al, 2019).  This test serves as the basis of obtaining the susceptibility section of a pathogen to a particular antibiotic. It also allows for the assessing of percentage of resistance or susceptibility to the antibiotic (Kowalska and Dudek, 2021). 
   Another name for the macro dilution method is in-tube dilution. This uses serial two fold dilution of antimicrobial substance in correlating media (Balouiri et al, 2015). 
Antimicrobial Gradient Method
It is a mixture of both disk-diffusion method and dilution method of AST which has an advantage towards both properties. It makes way for the determination of the MIC making it simple and fast to use. This is gotten off of the diffusion of antibiotic through agar with a continuous activity (CLSI, 2018)

[image: ]
Fig 2.4: Phenotypic methods
Disk diffusion test
The disk diffusion method has since remained the most sort after routine anti susceptibility testing in clinical laboratories. It has been structured for the susceptibility testing of most known relevant bacteria that causes disease to humans. This test is the process of inserting antibiotic impregnated disk on inoculated agar that contains bacterial suspension (Le page et al, 2016).

[image: ]
Fig 2.5: Disk diffusion test
2. Polymerase Chain Reaction
It is a sort after nucleic acid amplification-based test used for analyzing specific resistant genes. The conventional PCR and real-time both depend on the amplification of nucleic acid sequences that mix resistance to an antibiotic. The making of advanced PCR based methods are for the observation of genetic determinants of resistance to several antibiotics through list of bacterial species as our comprehension for the genetic foundation of antibiotic resistance grows (Sekyere and Asante, 2018). One lead of this method in contrast to other methods is that it distinguish non-beta-lactam resistant genes. 



Overview of Hospital wastewater resistance globally
The overflow concerning antibiotic resistant genes (ARGs) in the surrounding is now a vital worldwide public health issue. This is an outcome of the extensive take of antibiotics within the healthcare sectors (Ju et al, 2016; Ma et al, 2017). There are finding of certain amounts of antibiotics and remnant of bacteria in hospital wastewater. It acts as selective pressure on antibiotic-resistant growth (Rowe et al, 2017). This makes hospital waste water more likely to spread antibiotic resistant genes than most local wastewater organization (Verlicchi et al, 2015; Zheng et al, 2018). The management for wastewater removal has been confirmed all over the world from the 1980’s. This is to avoid problems brought about by post-discharge sewage (Meng et al, 2016). At most, some countries has made the pre-release hospital wastewater treatment lawful (Al Aukidy et al. 2017). 









    
CHAPTER THREE
MATERIALS AND METHODS
3.1 Study Area
Paulsonic hospital is located in GRA, Enugu State. The hospital is a non-profit making organization that prioritizes the health and right of any human which includes the right to respect and confidentiality of the patient. The hospital has an aim of being the best service provider in Enugu, thereby ensuring that their services are accessible and affordable. The hospital has various services like hematology, clinical chemistry, Hormones, medical microbiology, serology and virology. Also offers services in physiotherapy. 
 Waste water collection points 
3.2 Sample Collection 
Samples of the hospital effluent were taken from separate points likely to contain antibiotic residue with sterile container in order to avoid contamination. Each sample was labeled according to the point it was collected and the date it was collected. The samples were kept in a cold cooler with ice packs in order to preserve the sample (Rabiu and Falodun, 2017). 
Once at the laboratory, the samples were processed for bacteria isolation and identification. Samples that could not be processed immediately were refrigerated (40C)in order to avoid growth of bacteria or contamination of the sample. 
3.3 Physical Analysis
The waste water physical properties was examined with the aid of the standard procedures as said by the American Public Health Association (APHA, 2017). Parameters measured:
Determination of pH
 pH of the wastewater sample were tested using a digital pH meter that has been calibrated with the standard methods. This was to determine if the water was acidic, alkaline or neutral. Before measuring, the meter was standardized with buffer solutions of pH4.0, 7.0. Fifty milliliters of sample waste water were poured inside a clean and grease free beaker and the electrode of the meter was immersed into the sample. After the values stabilized, the readings was taken. (Zafar et al., 2020)
Electrical conductivity
This was measured with the use of a handy conductivity meter. This is important because it shows how many ions are in the water sample. Before measurement, the calibration was done using the standard potassium chloride solution (KCL). Fifty milliliters of the sample wastewater was poured into a clean beaker and the probe was immersed into the sample. After the values stabilized, the result was recorded. (Apha, 2017). 
Odor
The odor was evaluated immediately after collecting the sample. Fifty milliliters  of the sample were poured into a clean beaker. The beaker was brought to the nose at the chest level. It was sniffed by waving the hand over the opening in order to direct the air towards the nose. It was observed and written down. 
3.4 Chemical Analysis 
The chemical analysis of the already collected hospital wastewater sample was focused on obtaining the main water quality parameters which include alkalinity, acidity, total solids, dissolved solids and suspended solids. 
3.4.1 Determination of acidity
Acidity in water is due to the presence of free CO2, mineral acids, and salts of strong acids and weak base.
Fifty milliliters   of the sample wastewater was measured and poured in a clean conical flask and was added two or three drops of methyl orange indicator. It was titrated using 0.02 N NaOH till  change from orange to yellow was observed.
3.4.2 Determination of alkalinity
Alkalinity measures the buffering capacity of water, primarily due to biocarbonates, carbonates and hydroxides. It is determined by titration with a standard acid(H2SO4)
Fifty milliliters of the sample wastewater was poured into a clean conical flask and three drops of phenolphthalein indicator were added. If a pink color showed, it was titrated with 0.02N H2SO4 until the pink disappeared. 
3.4.3 Determination of total solids
This total solid content of the wastewater consists of both suspended and dissolved solids. This was gotten by evaporating the sample and weighing the remaining solids. A clean already weighed evaporation dish was used to hold 100 ml of the wastewater sample. The sample was evaporated to dryness in an oven set at 103°C to 105°C until all the water had evaporated. The solids were cooled then weighed.(APHA, 2012)
3.4.4 Determination of dissolved solids
Dissolved solids are the ones that pass through a standard filter. An already weighed filtration apparatus with 0.45 filter was used to filter 50ml of the wastewater sample. The filtrate was evaporated in a clean dish inside an oven at 103°C to 105°C. After it was dried, the dish was cooled and then weighed. 
3.4.5 Determination of suspended solids
Suspended solids are the particles that do not pass through a filter and are being trapped in the filter paper. This is gotten by subtracting the mass of the dissolved solids from total solids.
After filtering the wastewater sample, the leftover retained on the filter paper was dried at 103°C to 105°C

3.5 Testing for the presence of coliforms
(a)The presumptive test
(b)The confirmed test 
(c)The completed test
(i)The presumptive test
The test is used for observing the existence of coliform bacteria through observation of lactose fermentation and gas production in MacConkey broth. For each of the sample, two test tubes were used with control for each. Nine milliliters of single strength MacConkey broth. Ten milliliters of double strength of MacConkey broth. Double and single strength were used in order to maintain good nutrient concentration when different volume of samples were added. The Durham tubes were arranged inside the tubes to detect gas production. The test tubes were labelled according to the sample. After autoclaving for 15 mins the broth were inoculated with the water sample 1ml and 10ml on each single and double strength and incubated at 37°c for 48 hours.(Cheesbrough, 2006).
(ii)The confirmed test
This test is for verifying the existence of coliform mostly Escherichia coli. After the presumptive test, the bacteria are subcultured into selective media and differential media. A wire loop were used to take a loopful from the presumptive test and was streaked into the following Salmonella-shigella Agar (SSA): a differential and selective media primarily used to isolate and differentiate Salmonella and Shigella. MacConkey agar: is a differential and selective medium used in isolating gram-negative, lactose-fermenting enteric bacteria. Eosin Methylene Blue agar: is for growing of gram-negative enteric bacteria especially Escherichia coli and other coliforms. MSA agar: is for the isolation of Staphylococcus spp. Cetrimide agar: is for selective growth of Pseudomonas aeruginosa.
3.5.1 Plate count
This method is for calculating the sum number of viable bacteria that are present in the hospital waste water. Half a milliliter and one milliliter of sample A and B was inoculated on nutrient media using the pour plate method. (Harrigan and McCance, 2016) by pouring the sample first before introducing the sterile nutrient media. The plates were left in the incubator at 37°c for 24 hours (APHA, 2012). Afterwards, colonies on the plates were counted manually. 
3.5 Biochemical tests
After isolation of the bacteria from the waste water sample, several Biochemical tests such as oxidase, catalase, coagulase etc were carried out in order to identify the isolated bacterial species. 
Catalase test
In a clean glass slide, a small quantity of bacterial colony was placed and a small amount of hydrogen peroxide (3%) were added. the production of bubbles immediately indicated a positive catalase reaction. This helps differentiate between catalase producing and non-catalase- producing bacteria (Cheesbrough, 2006). 
Oxidase test 
 A small quantity of bacterial culture was placed on an oxidase test strip. Dark purple color within 30 seconds shows a positive result which suggests the presence of cytochrome oxidase enzymes (Forbes et al., 2007)
Indole test 
Tryptone broth were prepared and poured into tests tubes. A pure bacterial colony were inoculated into the broth using a sterile wire loop. The test tubes were left in the incubator at 37°c for 24-48 hours. Afterwards, kovacs reagents were added in small drops. A positive indole result is shown by a red layer formed in the top. A yellow or unchanged color showed a negative result. (cheesbrough, 2006)
Coagulase test
Blood were collected and centrifuged in order to separate the plasma from the serum. In a clean slide, a small amount of normal saline were placed. Small bacterial colony were mixed gently ito the saline to get a smooth suspension. A small amount of the plasma were added and gently mixed together. If there are clumps in 5 seconds shows a positive result. (Cheesbrough, 2006)
Citrate test
The agar was prepared and poured inside the test tubes. The test tubes was slanted and left to gel. A pure bacterial colony were streaked on the agar slant using sterile inoculating loop. The test tubes were left in the incubator at 37°c for 24-48 hours. The result is shown through a blue color change with growth which means positive. No growth or a green slant indicates a negative result. (MacFaddin, 2000)
3.6 Gram staining 
This was performed in order to know the gram response if negative or positive and morphology of the bacterial isolate. This procedure includes preparing a smear with each isolate on a clean glass slide, which was air-dried and then fixed. This was done by passing the slide past a Bunsen burner. Crystal violet were streamed on the smear and washed off after 1 minute. It was rinsed using distilled water. Lugols Iodine were added and left to sit for 1 minute. This is to stabilize the dyes. It was rinsed gently with water. Acetone was used carefully to wash the smear and was rinsed immediately. Safranin was poured on the slides and was then rinsed after 30 seconds and left to air dry. The slides was viewed under the microscope and observed with oil immersion at 100x objective. Bacteria that appeared purple were known as Gram-positive, while the ones appearing pink or red were classified as Gram-negative.
3.7 Antibiotic Sensitivity Testing 
After identifying the bacteria from the collected samples, the standard Agar disk diffusion method were applied in order to observe antibiotic patterns of the isolates using the Muller- hinton agar. (CLSI, 2014). Bacterial inoculations were set by suspending the bacteria in 4-5ml of sterile nutrient broth. The turbidity were regulated to the 0.5 McFarland standard. Antimicrobial sensitivity testing were done using Muller-Hinton medium against available antibiotics which includes amoxicillin, penicillin, vancomycin, gentamicin, clindamycin, ciprofloxacin, tetracycline etc. Selected antibiotic discs were placed using sterile forceps. The plates were left in the incubator at 370C for 24 hrs. After incubation, zone of inhibition were calculated using a ruler while reading was made using susceptibility breakpoints of CLSI (Mir et al, 2022). 

3.8 Data analysis and Interpretation 
Collection of sample, sample handling, transportation, microbiological analysis and result interpretation were carried out. The data analysis in this study were aimed at the resistance of bacteria to antibiotic that is isolated from waste water in hospital.















CHAPTER FOUR
RESULTS

4.1 Presumptive Screening for Coliform Bacteria in MacConkey Broth
The two samples showed presumptive positive results for coliform bacteria, indicated by the presence of acid and gas after 48-hour incubation in single-strength (SSB) and double-strength (DSB) MacConkey broth (Table 1; Appendix I). 
Table 1: Lactose fermentation in wastewater samples 
	Sample ID 
	DSB(+ve)
	SSB (+ve)
	Gas formation

	Sample A
	2/2
	2/2
	Yes 

	Sample B
	2/2
	2/2
	Yes 











4.2 Total Bacterial Counts in Hospital Wastewater Samples
Four samples of pour plate direct pour were carried out and the colony counts varied through 1.5 x 102 CFU/ml to 2.12 x 102 CFU/ml (Table 2). 
Table 2: Total bacterial counts in wastewater samples
	Sample Code 
	Pour plate No
	Colonies counted
	CFU/ml 

	A1
	0.5ML
	172
	3.44 x 102

	A2
	1ML
	165
	1.65 x 102

	B1
	0.5 Ml
	153
	3.06 x 102

	B2
	1 Ml
	212
	2.12 x 102













4.3 Identification of isolates 
Isolates from the wastewater samples were presumptively identified, based on morphological characteristics on different culture media and results from several biochemical tests, as expressed in Table 3. Organisms discovered included,Staphylococcus aureus, Salmonella spp and Escherichia coli











Table 3: Morphological and biochemical characteristics of bacterial isolates
	Isolate 
code
	Colonial Morphology
	Microscopic Appearance
	Oxidase
	Coagulase 
	Catalase 
	Indole 
	Citrate 
	Presumptive 
organism

	Ass SSA
	Colorless, flat, smooth and black centered
	Short rods
	_
	_
	+
	_
	+
	Salmonella spp

	Ads SSA
	Colorless, flat,
smooth and black centered
	Short rods
	_
	_
	+
	_
	+
	Salmonella spp

	Bss SSA
	Colorless, flat, smooth and black centered
	Short rods
	_
	_
	+
	_
	+
	Salmonella spp

	Bds SSA
	Colorless, flat, smooth and black centered
	Short rods
	_
	_
	+
	_
	+
	Salmonella spp

	Ass MSA
	Yellow, small, round and raised
	Cocci in clusters
	_
	+
	+
	_
	+
	Staphylococcus spp

	Ads MSA
	Yellow, small, round and raised
	Cocci in clusters
	_
	+
	+
	_
	+
	Staphylococcus spp

	Bss MSA
	Yellow, small, round and raised
	Cocci in clusters
	_
	+
	+
	_
	+
	Staphylococcus spp

	Bds MSA
	Yellow, small, round and raised
	Cocci in clusters
	_
	+
	+
	_
	+
	Staphylococcus spp

	Ass EMB
	Purple, large, circular and round
	Short rods
	_
	_
	+
	+
	+
	Escherichia coli

	Ads EMB
	Purple, large, circular and round
	Short rods
	_
	_
	+
	+
	+
	Escherichia coli

	Bss EMB
	Purple, large, circular and round
	Short rods
	_
	_
	+
	+
	+
	Escherichia coli

	Bds EMB
	Purple, large, circular and round
	Short rods
	_
	_
	+
	+
	+
	Escherichia coli

	Ass MAC
	Pink, circular and smooth
	Short rods
	_
	_
	+
	+
	_
	Escherichia coli

	Ads MAC
	Pink, circular and smooth
	Short rods
	_
	_
	+
	+
	_
	Escherichia coli

	Bss MAC
	Circular, smooth and off white
	Large rods
	_
	_
	+
	_
	_
	Bacillus spp

	Bds MAC
	Circular, smooth and off white
	Large rods
	_
	_
	+
	_
	_
	Bacillus spp

	Ass Cetrimide
	Irregular, yellow, large and slightly raised
	Medium rods
	+
	_
	+
	_
	+
	Pseudomonas spp

	Ads Cetrimide
	Irregular, yellow, large and slightly raised
	Medium rods
	+
	_
	+
	_
	+
	Pseudomonas spp

	Bss Cetrimide
	Irregular, yellow, large and slightly raised
	Medium rods
	+
	_
	+
	_
	+
	Pseudomonas spp

	Bds Cetrimide
	Irregular, yellow, large and slightly raised
	Medium rods
	+
	_
	+
	_
	+
	Pseudomonas spp

	
	
	
	
	
	
	
	
	



Table 4.4 Interpretation of isolate code
The isolate code used in this study represent the combination of the agar type and the microorganism isolated. The table below provides a key to these codes
Table 4.4: Interpretation of isolate codes
	Isolate code
	Meaning 

	Ass SSA
	Sample A from single strength broth in Salmonella-shigella agar

	Ads SSA
	Sample A from double strength broth in Salmonella-shigella agar

	Bss SSA
	Sample B from single strength broth in Salmonella-shigella agar

	Bds SSA
	Sample B from double strength broth in Salmonella-shigella agar

	Ass MSA
	Sample A from single strength broth in Mannitol salt agar

	Ads MSA
	Sample A from double strength broth in Mannitol salt agar

	Bss MSA 
	Sample B from single strength broth in Mannitol salt agar

	Bds MSA 
	Sample B from double strength broth in Mannitol salt agar

	Ass EMB
	Sample A from single strength broth in Eosin-methylene blue agar

	Ads EMB
	Sample A from double strength broth in Eosin-methylene blue agar

	Bss EMB
	Sample B from single strength broth in Eosin-methylene blue agar

	Bds EMB
	Sample B from double strength broth in Eosin-methylene blue agar

	Ass MAC
	Sample A from single strength broth in MacConkey agar

	Ads MAC
	Sample A from double strength broth in MacConkey agar

	Bss MAC
	Sample B from single strength broth in MacConkey agar

	Bds  MAC
	Sample B from double strength broth in MacConkey agar

	Ass Cetrimide
	Sample A from single strength broth in Cetrimide agar

	Ads Cetrimide
	Sample A from double strength broth in Cetrimide agar

	Bss Cetrimide
	Sample B from single strength broth in Cetrimide agar

	Bds Cetrimide
	Sample B from double strength broth in Cetrimide agar




















4.5 Antibiotic Sensitivity Profiles of Isolates 
The selected antibiotics were used based on their relevance to hospital associated infections and their known effectiveness against some targeted organisms that was isolated from the waste water samples. The antibiotics used included Ampicillin, Ciprofloxacin, Tetracycline, Ceftriaxone, Levofloxacin, Gentamycin, Ofloxacin, and Erythromycin. The zone of inhibition throughout each antibiotic disc was calculated in order to determine the susceptibility. The organism were evaluated into resistant, intermediate and susceptible based on the interpretative standard made available by the clinical and laboratory standard institute (CLSI). The antibiotic sensitivity profiles of these isolates are presented in Tables 4 to 8, while multiple antibiotic resistance (MAR) indexes are presented in Table 9.










Table 4.5Antibiotic susceptibility of Bacillus spp. 
	Antibiotic 
	Zone of inhibition 
	interpretation

	Gentamicin 
	4
	Resistant 

	Levofloxacin
	3
	Resistant 

	Ofloxacin 
	14
	Sensitive 

	Ampicillin 
	3
	Resistant 

	Ciprofloxacin
	2
	Resistant 

	Erythromycin 
	12
	Intermediate 

	
	
	













Table 4.6 Antibiotic susceptibility of Escherichia  coli
	Antibiotic 
	Zone of inhibition 
	Interpretation 

	Gentamicin 
	13
	Intermediate 

	Levofloxacin 
	9
	Resistant 

	Ceftriaxone 
	7
	Resistant 

	Ampicillin 
	14 
	Intermediate 

	Ciprofloxacin 
	13
	Intermediate 

	Erythromycin 
	8
	Resistant 













Table 4.7  Antibiotic susceptibility of Staphylococcus spp 
	Antibiotic 
	Zone of inhibition 
	Interpretation 

	Gentamicin 
	9
	Resistant 

	Levofloxacin 
	8
	Resistant 

	Ofloxacin 
	9
	Resistant 

	Ampicillin 
	7
	Resistant 

	
	
	

	
	
	














Table 4.8 Antibiotic susceptibility of Salmonella spp
	Antibiotic 
	Zone of inhibition 
	Interpretation 

	Gentamicin 
	2
	Resistant 

	Levofloxacin 
	1
	Resistant 

	Ofloxacin 
	3
	Resistant 

	Ampicillin 
	2
	Resistant 

	Ciprofloxacin 
	1
	Resistant 

	Erythromycin 
	3
	Resistant 

	
	
	



. 









Table 4.9 Antibiotic susceptibility of Pseudomonas spp
	Antibiotic 
	Zone of inhibition
	Interpretation 

	Gentamicin 
	0
	Resistant 

	Levofloxacin 
	2
	Resistant 

	Ofloxacin 
	1
	Resistant 

	Ampicillin 
	3
	Resistant 

	Ciprofloxacin 
	0
	Resistant 

	Erythromycin 
	4
	Resistant 














Table 4.10 Multiple antibiotic resistance (MAR) index of bacterial isolates
	Isolate 
	Antibiotics tested
	Resistance 
	MAR index 

	Bacillus spp 
	6
	4
	0.6

	Escherichia coli
	6
	3
	0.5

	Staphylococcus aureus
	4
	4
	1

	Salmonella spp
	6
	6
	1

	Pseudomonas spp
	6
	6
	1


 












4.11 Physicochemical properties of the wastewater samples
Table 4.5 shows some of the chemical and physical properties of the wastewater samples.
	Sample code
	Acidity 
	Alkalinity 
	Total solids 
	Dissolved solids 
	Suspended solids 
	Electrical conductivity 

	A
	_
	+
	360
	160
	200
	422

	B 
	_
	+
	350
	150
	200
	410

















CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION
5.1 Discussion

The analysis that was carried out on hospital waste water in this study showed the presence of bacterial species with different levels of resistance to commonly used antibiotics, despite the wastewater undergoing treatment before being discharged. The isolates that were seen included Staphylococcus aureus, Bacillus spp, Pseudomonas spp. All are commonly associated with hospital environments and are known for carrying antibiotic resistance genes. The use of selective and differential media which included EMB, SSA, MSA, MacConkey and Cetrimide agar with biochemical tests and Gram staining allowed for correct identification of these bacteria. Large, purple/pink colonies observed on EMB suggested lactose fermenting Escherichia coli. The catalase and oxidase test were positive in several isolates and rods that were observed under the microscope confirmed the presence of Gram-positive bacilli.
Antibiotic susceptibility test showed that some of these isolates was resistant to many antibiotics including tetracycline, ampicillin and erythromycin. The persistence of resistant bacteria after wastewater treatment shows that there is a limited efficiency of current hospital treatment systems in completely clearing out microbial contaminants. This supports earlier studies, such as that by (Adeoye et al., 2021), which reported the survival of multidrug-resistant bacteria in treated effluents from medical facilities in Lagos. 
Some physiochemical analysis were also carried out. The total solids, dissolved solids and suspended solids were all within ranges suspected for treated hospital wastewater. Total solid values were calculated to around 360 mg, with total dissolved solids at approximately160 mg, and suspended solids at 200 mg.  These numbers shows that while treating the water significantly reduces the matter, some residual load remain. The pH of the waste water was within a neutral range which is consistent with partial neutralization. The odor was still detectable but less compared to raw wastewater which indicates incomplete removal of organic material. Alkalinity and acidity levels were also evaluated in order to understand the buffering capacity of the effluent. The values showed that while the treatment drastically reduced the extreme chemical components, some variations still existed. These findings are in correspondence with WHO (2017) and NESREA (2011) guidelines. 
Overall, the study shows that while the wastewater treatment plan that is in motion at the hospital was able to lower chemical and physical pollutants to some degree, it didn’t fully eliminate antibiotic-resistant bacteria. This shows that conventional treatment methods may be insufficient in dealing with microbial resistance. This shows that secondary treatment technologies is needed. 
5.2 CONCLUSION
This study assessed the microbisal and physiochemical characteristics of treated hospital wastewater with it being focused on identifying antibiotic-resistant bacterial isolates.  The results confirmed the presence of some bacteria which included Staphylococcus aureus, Klebsiella spp, Salmonella spp and Bacillus spp some which showed multidrug resistance despite being treated. The chemical analysis of the wastewater showed that total solids, dissolved solids and suspended solids were within normal range for treated wastewater, some other parameters like odor showed that chemical residues remained. 
   This study shows the fact that treated hospital waste water, if not properly disinfected and treated more regularly can still pose a risk to the environment and public health by serving as a source of antimicrobial resistance. Thus, a broad and comprehensive approach including both regular monitoring and effective treatment systems is necessary. 
5.3 RECOMMENDATION
Based on the findings of this study, hospital waste water should be treated regularly with additional disinfection steps like UV treatment to ensure the complete removal of resistant microorganisms. Environmental agencies and hospitals should come together to ensure routine microbiological and chemical monitoring of treated wastewater before discharging it into the environment. Healthcare agencies should tighten their policies on antibiotic prescription and disposal of it to avoid the buildup of antimicrobial residue in wastewater. 
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APPENDIX I
CULTURES OF WASTE WATER IN SSB AND DSB, SHOWING ACID AND GAS

[image: ][image: ]









APPENDIX II
APPEARANCE OF DIFFERENT ISOLATES ON VARIOUS CULTURE MEDIA
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