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				ABSTRACT
Introduction. Hospitals use large varieties of substances for medical purposes such as in diagnostics, research, and upkeep of care materials. Diagnostic materials/substances, disinfectants, and excreted non-metabolized pharmaceuticals by patients, reach the wastewater. This form of elimination may generate risks for aquatic organisms, the emergence of antibiotic resistance, and human health problems.  Aim. The aim of this study was to synthesize the contribution of liquid hospital effluents to the fragility of health in general and the emergence of bacterial resistance in particular. Methods. The data were collected from science’s database using keywords. Results. The results showed that the heavy metal residues in these effluents and their bacterial selection mechanism reduce biodiversity, increase the vulnerability of urban and peri-urban populations, and promote the proliferation of multi-drug resistant bacteria. The threat is particularly worrying with the advent of resistance to the beta-lactams. Recommendation. Intervention strategies must be integrated and targeted at those primarily responsible for the management of hospital liquid effluents and the systems for handling these effluents.
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	INTRODUCTION

	 

	The large quantity of liquid effluents generated by hospital activities can contain many important micropollutants with various substances (drug residues, chemical reagents, antiseptics, detergents, etc.) and pathogenic agents [1-3]. These effluents, as well as conventional domestic wastewater, are usually discharged into urban networks without prior treatment [4, 5]. The discharge of these effluents in the urban sewer networks or into the natural environment can generate risks for human health. These effluents represent also a significant contribution to the general contamination of the environment [6-9]. Chemical residues are toxic environmental pollutants and are the most highly bio-concentrated trace metals [8]. Their residues come from thermometers, gastric sound, drugs, hormones, etc., and can affect the lives of local fauna and flora. However, the residues of antibiotics in wastewater contribute significantly to the spread of multidrug-resistant bacteria in the environment [10]. This is because investigations have shown favorable correlations between the physicochemical parameters of wastewater and the dissemination and evolution of resistance genes [11-14]. Despite multiple awareness campaigns carried out by WHO and its partners through conferences, research and awareness campaigns, water hygiene, and its consequences remain very limited or even unknown [15-19]. Thus, in developing countries and particularly in Africa, the information on the hospital liquid effluent’s characteristics is very scarce. To the best of our knowledge, only a few publications from Africa are available in the open literature. The aim of the present study is to present the physicochemical or microbiological characterization of hospital effluents and their risks to human health and the aquatic ecosystem. Specifically; (i): the evacuation in nature of these effluents loaded with disinfectants and detergent without adequate treatment; (ii): residues of pathogenic bacteria and antibiotic residues in these effluents; (iii): the presence of resistance genes in these effluents and their transfer mechanisms.    

	 

	METHODS 

	 

	Relevant papers on the subject were searched using the Web of Science database. The keywords to search the database included “physicochemical of hospital’s wastewater or microbial of hospital’s wastewater”, “hospital’s wastewater and risks of hospital’s wastewater for human health and risks of hospital’s wastewater for the aquatic ecosystem”, “ecotoxicity of mercury in hospital’s wastewater”, “antibacterial resistance and hospital wastewaters”. The papers included in this review those published between the years 2002 and 2021. Papers dealing specifically with that on keywords have been included (Figure 1). This was done to identify recent trends in hospital wastewater physicochemical and their risks for human health and the aquatic ecosystem. 
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	Figure 1. Procedure for selecting articles 

	 

	Risk assessment methods associated with hospital wastewaters

	Hospital wastewater could generate ecotoxicity and human or animal health problems [20]. These risks are due to non-compliance with microbial and physicochemical standards and the exposure of the local population to these effluents discharged into nature [1]. Figure 2 shows the different risk assessment points associated with hospital wastewaters effluents discharged into nature.
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	Figure 2: Risks presented by hospital fluids to the ecosystem and the steps for assessing these risks. Source: adapted from Evens et al. [9]

	HOSPITAL WASTEWATERS MANAGEMENT SITUATION 

	 

	Difficulties related to the management of hospital wastewaters

	Currently, around the world, very few policies are concerned with the management of hospitals wastewaters [21]. Even noting for the infrastructures which are put in place for the treatment of these effluents before their discharge into the environment [22]. The management techniques usually applied to have enormous limits depending on the parameters involved [23-26]. However, wastewater treatment plants (WWTPs) do not fully remove pharmaceuticals due to a lack of proper design [27-29]. Beyene and Redaie [30] were reported in Ethiopia that the percentage treatment efficiency of the pond at the Hawassa University Referral Hospital varied to 94.11; 87.72; 87.10; 86.52; 68.58; 54.81; 54.59; 31.95; 18.12 and 10.58 for Biological Oxygen Demand (BOD5); Sulfide; Total Suspended Solids (TSS); Chemical Oxygen Demand (COD); Nitrate; Nitrite; Total Nitrogen; Total Dissolved Solids; Conductivity and Chloride, respectively. The lack of involvement of authorities in developing countries in sanctions against hospitals polluting the environment with untreated wastewater could be explained by the absence of control structures on the discharge of untreated hospital effluents [31]. Thus, some hospitals` wastewaters are directly poured into municipal canals which communicate with market gardening areas. The literature shows that the hospitals in these countries do not have qualified staff for wastewaters treatment. As reported by Deblij  [23] in Casablanca that 95% of the staff in charge of the management of hospital effluents in the region of Casablanca Set tat acknowledged that they have not participated in any continuing training addressing the theme of the management of hospital effluents.  

	 

	Exposure of the population to hospital effluents 

	Water is the most used commodity in everyday life. This pressure makes water become increasingly scarce and expensive. In developing countries, poverty and ignorance of health risks make various wastewaters the first choice for watering in vegetable gardens [32]. These practices expose market gardening practitioners to health risks and also lead to the introduction of the various contaminants from these waters into the food chain [33]. However, 800,000 deaths could be avoided per year with good management of these effluents according to the report of the seventy-second World Health Assembly [16]. Indeed, metabolites of degradation residues from products used for health care, and pathogenic germs in aquatic environments largely contribute to the death rates [34-39]. In most African countries, problems regarding both hospital wastewater quantity and quality. Generally, the hospitals have not Wastewater Treatment Plant (WTP) specialized to treat their wastewater. However, the management of these wastewaters bring about some problems on common WTP and environment [35, 40-41]. These problems are due to the pollution of the water by detergents, disinfectants, heavy metals, and the spread of resistance genes [42]. Figure 3 illustrates the communication networks for hospital wastewaters. 
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	Figure 3. Hospital wastewater problematical and their impact on environment

	In Burkina Faso for example, Somda et al. [43] were brought that hospital wastewaters have been found to contaminate some lettuces and other produces while gardens lands were soiled with some chemical’s residues generated by hospital activities. More so, it has been reported in some countries like Benin, Morocco, and Kenya that hospital wastewaters are discharged in common gaps due to inappropriate or faulty flow systems in common WTP [4-5, 40]. According to World Health Organization (WHO) 2019, 2016, 2011, and 2006, the challenge to improve the quality of freshwater is important because they are remaining one of the leading causes of intoxications or infections among human populations in developing countries. 

	 

	Risk of toxicity in some hospital wastewaters 

	The mismanagement of hospital wastewater creates some problems for the aquatic population owing to the pollutants arising as a result of hospital activities [23; 44-45]. The mains pollutants generated by hospitals are mentioned in Table 1. However, one must note that exposure to some biomedical wastes is a risk factor for infection (up to 100%), toxicity (about 88%), eco-toxicity, and cancerogenic [46]. However, only a few actors are interested in monitoring hospital wastewaters parameters, an effort recognized to promote human and environmental health [16].

	 

	Table 1. Main pollutants generated by hospitals according to the World Health Organization 

	
		
				Waste category

				Constituents

		

		
				Risk waste

				Infectious waste, pathological waste, sharps, pharmaceutical waste, genotoxic waste, chemical waste and radioactive waste.

		

		
				Non-risk waste Infectious waste

				Paper and cardboard, packaging, food waste, aerosols and so on. Waste contaminated by any type of pathogens and includes cultures from laboratory work, waste from surgeries and autopsies, waste from infected patients, discarded or disposable materials and equipment which have been in contact with such patients.

		

		
				Pathological waste Sharps

				Tissues, organs, body parts, fetuses, blood and body fluids.
 Include, whether infected or not, needles, syringes, scalpels, infusion sets, saws & knives, blades, broken glass and any other item that could cut or puncture.

		

		
				Pharmaceutical waste

				Expired or unused pharmaceutical products, surplus drugs, vaccines or sera and discarded items used in handling pharmaceutical waste such as bottles, boxes, gloves, masks, tubes or vials.

		

		
				Genotoxic waste

				Cytotoxic drugs and outdated materials, vomitus, feces or urine from patients treated with cytotoxic drugs or chemicals and materials such as syringes and vials contaminated from the preparation and administration of such drugs.

		

		
				Chemical waste

				Chemicals from diagnostic and experimental work, cleaning processes, housekeeping and disinfecting procedures, mercury waste such as from broken clinical equipment and spillage and cadmium waste from discarded batteries.

		

		
				Radioactive waste

				Liquid, solid and gaseous waste contaminated with radionuclide generated from in-vitro analysis of body tissue and fluid, in-vivo body organ imaging and tumor localization, and investigation and therapeutic procedures.

		

	

	Source: [47]

	 

	Problem of heavy metals in hospital wastewaters 

	The hospital wastewaters tend to extend beyond solid waste due to their fluidities. However, they contribute to advance the toxicity of some heavy metals residues [48]. Indeed, in chemicals discharges resulting from hospital activities, heavies’ metals remain one of the main forms of dangerous assimilates by the aquatic and human populations [49-50]. The common heavy metals in wastewater treatment are Arsenic, Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Mercury, Silver, and Zinc among others [49]. However, in Nigeria, Eze et al. [49] have brought the presence of some heavy metals in wastewaters and these are detailed in Table 2.

	The danger of heavy metal pollutants in water lies in two aspects of their impacts. Firstly, heavy metals have the ability to persist in natural ecosystems for an extended period, and, secondly, they have the ability to accumulate in successive levels of the biological food chain [3, 51-53]. For example, mercury is entering the human body by fish consumption [50, 54]. Indeed, mercury is incorporate in body organs in the methyl mercury form. Must note that heavy metals are very carcinogenic [55]. According World Health Organization [47] carcinogenicity is mainly due to heavy metals. However, figure 4 illustrates the sites of action of heavy metals in the human body.  

	Table 2. Result of mean concentrations of heavy toxic metals in the hospital wastewater samples

	
		
				Heavy Toxic Metals

				Sample from 
the medical ward (mg/l)

				Sample from the new born baby ward (mg/l)

				Sample from the surgical ward (mg/l)

				WHO Limit
(mg/l)

		

		
				Arsenic (As)

				0.08 ± 0.0082

				0.06± 0.0163

				0.14 ± 0.0082

				0.1

		

		
				Cadmium (Cd)

				0.13 ± 0.0163

				0.04 ± 0.0163

				0.05 ± 0.0163

				0.1

		

		
				Lead (Pb)

				0.083± 0.0082

				0.02 ± 0.0082

				0.06 ± 0.0082

				0.1

		

		
				Mercury (Hg)

				0.012± 0.00082

				0.007± 0.00163

				0.009 ± 0.0082

				0.01

		

		
				Chromium (Cr+6)

				0.09 ± 0.0163

				0.003± 0.00082

				0.012 ± 0.0052

				0.01

		

	

	Source: [49]
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	Figure 4: The sites of action of heavy metals in the human body. (Source: adopted from http://oligobordeaux.com/ and translated to English).

	 

	COD, BOD and the problem associated with antibiotics in hospital wastewaters 

	Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) are some important parameters often used for water quality control. These parameters provide evidence of biological contaminants. In wastewaters with high BOD, the assimilation of organic matters due to microbial activity train hence oxygen consumption. This leads to hypoxic conditions for water bodies with consequent adverse effects on aquatic biota [56]. The high COD may be due to the high concentration of wastes chemically digested which cause also lowering of DO levels in the water. For example, the oil and grease layer of the water bodies influence a lot on COD and BOD. Indeed, they reduce biological activity in the treatment processes and also cause clogging of pipes in treatment units. However, the environment in most developing African nations is exposed to serious threats due to the higher rates of the COD or BOD from hospital wastewaters than the recommended permissible limits. Thus, in Kenya, K'oreje [40] found that the COD and BOD values ranged from 390 to 3200 mg. L-1 and 213 to 1750 mg. L-1, respectively. Those values of COD and BOD5 concentrations were up to 15 to 25 times higher than the recommended Kenyan quality standards for effluent discharged into the environment. Elsewhere, Hembach et al. [25] have found the average concentration of BOD5 and COD to be 45.5 mg. L-1 and 185.5 mg. L-1, respectively, while the concentration reported in Nigeria was BOD5 < 25 mg. L-1 and COD < 90 mg. L-1. In addition to the challenges associated with COD and BOD, special attention is needed on antibiotic residues in hospital wastewater that promote the emergence and circulation of resistance genes [57-58].

	 

	Emergence of bacterial resistance to antibiotics 

	Bacteria resistance to antibiotics has continued to present as a serious challenge since the 1940s [59-60]. This antibiotic resistance is expressed by several mechanisms, including modification of the targets of antibiotics, the expulsion of antibiotic residues through membrane channels, and the production of inhibitory enzymes (beta-lactams) of antibiotics. Bacterial resistance to antibiotics has been established over time as shown in Figure 5 for the advent of beta-lactamases [60]. They have been described extensively among bacteria of human origin and are now of great concern in hospital wastewaters.

	 

	Bacterial resistance to antibiotics in hospital wastewaters 

	The major microorganisms found in wastewaters are viruses, bacteria, fungi, protozoa, and helminths. Microbial pollutants can also serve as indicators of water quality. Untreated effluents generated by hospital activities can contribute significantly to the spread of microbial pollutants mainly as multi-resistant bacteria (MRB) from patient’s pathological products in the environment [2, 61-62]. Indeed, the diversity and huge consumption of antibiotics used in humans’ therapies eventually of bacterial infection end up in the wastewaters [63-65]. The chronic release of antibiotic residues collected in the hospital sewer systems and the environmental conditions are favorable for selection bacterial resistance and transfer of antibiotic-resistance genes (ARGs) among various bacterial species [34, 64]. Indeed, in ARGs, many are easily transmitted between bacteria via horizontal transfer [56; 65-67]. Eventually, the bacterial resistance to antibiotics is also increasing in hospital and non-hospital wastewater. For example, Moges et al. [68] was brought in Ethiopia that the situation of gram-positive bacterial resistance in hospital and non-hospital environments were found to be 53/68 (81.5%) and 26/48 (54.2%), respectively [68]. 

	Distributions of the multiple drug resistance genes among gram-positive bacteria have become a major issue. Indeed, the transfer of multiple drug resistance genes among this group of bacteria is mainly due to the dissemination of genes like mecA or mecC. The distribution of these genes is a significant problem in both developed and developing countries [2; 69; 70; 71]. However, poor management of hospital wastewater represents a means to disseminate the resistance genes. Moreover in Brazil, Zagui et al. [69] were brought that the resistance of gram-negative bacteria in hospital and urban wastewater is very worrying. Table 3 present the details of theirs results. As in the case of the gram-positive bacteria, hospital wastewater contributes to the dissemination of gram-negative bacteria presenting a worse case of multiple drug resistance where the incriminated genes produce substances inhibiting beta-lactam action (ESBLs). Must note that these genes can be transferred to other bacteria sensitive to beta-lactam [72]. However, it has been established in Africa and elsewhere that these antibiotic-resistant genes affecting animal and human health have been recovered from the environmental specimen [23, 43, 73-74]. In addition to the genes encoding ESBLs, the carbapenemases have been described in hospital effluents by several investigators [65, 70, 75]. Thus, in hospital wastewaters from Slovenia and Australia, Urška et al. [76] were described several types of genes encoding for ESBLs and carbapenemases as shown in Table 4. 

	The acquisition of resistance genes is promoted in hospital effluents by the circulation of mobile genetic carriers. Figure 6 shows the different mechanisms for transferring and acquiring genes through these media. These problems evoke around hospital wastewaters render vulnerable the riverine and users of dams and gutters or the common WTP system [3, 43, 77]. Must note it is estimated that antibiotic-resistant bacteria cause 23,000 and 25,000 deaths in the United States and Europe, respectively [78]. This situation is similar worldwide and even worse in low- and middle-income countries where a high infectious disease burden is coupled with the rapid emergence and spread of microbial drug resistance [66].

	 

	Heavy metal residues and antibiotic resistance in hospital liquid effluents 

	The evolution and dissemination of antibiotic resistance genes are likely triggered by anthropogenic pollutants [79-80]. Hospital wastewaters are one of the primary factors in the proliferation of resistance genes [26, 81-82]. Already being a liquid, they flow over large areas. In addition, their physicochemical parameters (following pollutants brought in by various hospital activities) favor the selection of the most resistant bacteria. However, several investigations have shown correlations of heavy metal pollution, antibiotic-resistant genes, and mobile genetic carriers of resistance genes [83-86]. Indeed, complex transposons are mobile supports favoring the cointegration of genes for resistance to heavy metals and antibiotics as shown in figure 6. Thus, Yuyi et al. [80] have shown (Figure 7) correlations between heavy metal pollution in Wuhan lakes and the frequency of resistance genes characterized in bacteria isolated from these lakes.

	 

	Table 3. Resistance rate of gram-negative isolates to commonly used antibiotics

	
		
				Species

				Sampling point

				Antibiotic resistance profile

				Resistance phenotype

				bla genes

		

		
				K. pneumoniae

				3

				AMO, AMC, ATM, CPM, CTX, CFO, CAZ, ERT, IPM, MER, STX

				MDR

				KPC, TEM

		

		
				2

				AMO, AMC, ATM, CPM, CTX, CFO, CIP, ERT, IPM, STX

				MDR

				KPC, CTX-M-8, SHV, TEM

		

		
				3

				AMO, AMC, ATM, CPM, CTX, CFO, CAZ, ERT, IPM, MER

				MDR

				KPC, SHV

		

		
				2

				AMO, AMC, ATM, CPM, CTX, CFO, CAZ, ERT, IPM, MER

				MDR

				CTX-M-1, SHV, TEM

		

		
				3

				AMO, AMC, ATM, CPM, CTX, CFO, CAZ, STX, TET

				MDR

				TEM

		

		
				3

				AMO, AMC, ATM, CPM, CTX, CAZ, ERT, IPM, MER

				MDR

				KPC

		

		
				2

				AMO, AMC, ATM, CFO, ERT, IPM, MER, STX

				MDR

				-

		

		
				3

				AMO, AMC, ATM, CPM, CTX, CFO, STX

				MDR

				TEM

		

		
				2

				AMO, AMC, ATM, CTX, GEN, STX

				MDR

				SHV, TEM

		

		
				3

				AMO, AMC, ATM, CTX, ERT

				MDR

				KPC

		

		
				3

				ATM, CPM, CTX, CFO

				MDR

				TEM

		

		
				2

				AMO, AMC

				-

				KPC

		

		
				1

				AMO

				-

				-

		

		
				2

				AMO

				-

				-

		

		
				4

				AMO

				-

				-

		

		
				4

				AMO

				-

				-

		

		
				4

				AMO

				-

				-

		

		
				5

				AMO

				-

				-

		

		
				P. aeruginosa

				1

				ATM, CFO

				-

				-

		

		
				3

				ATM, CFO

				-

				-

		

		
				1

				CFO

				-

				-

		

		
				2

				CFO

				-

				-

		

		
				3

				CFO

				-

				KPC

		

		
				2

				CFO

				-

				-

		

		
				5

				ATM

				-

				-

		

		
				3

				ATM

				-

				-

		

		
				1

				-

				-

				--

		

		
				2

				-

				-

				-

		

		
				E. coli

				2

				AMO, AMC, AMP, ATM, CPM, CTX, CFO, CAZ, CLO, STX, TET

				MDR

				-

		

		
				1

				AMO, AMP, CTX

				-

				CTX-M-8

		

		
				1

				TET

				-

				-

		

		
				S. liquefaciens

				2

				AMO, AMC, AMP, ATM, CPM, CTX, CFO, CAZ, ERT, IPM, MER
 

				MDR

				KPC

		

		
				4

				AMO, AMC, AMP, CFO

				-

				-

		

		
				K. oxytoca

				1

				AMO, AMC, CAZ, STX, TET

				MDR

				-

		

		
				1

				AMO, ATM, CAZ

				-

				-

		

		
				R. ornithinolytica

				4

				AMO, AMC, AMP, CFO

				-

				-

		

		
				1

				AMO, AMP, CAZ

				-

				-

		

		
				H. alvei

				2

				AMO, ATM, CTX, CAZ, CLO, GEN, STX

				MDR

				CTX-M-1, SHV, TEM

		

		
				E. cloacae

				5

				AMO, ATM, CTX, CAZ

				-

				SHV

		

		
				C. amalonaticus

				4

				AMO, AMP

				-

				-

		

		
				S. fonticola

				2

				AMO, AMP

				-

				-

		

		
				P. rettgeri

				5

				AMO

				-

				-

		

		
				K. ozaenae

				1

				AMO

				-

				-

		

		
				A. baumannii

				5

				-

				-

				-

		

		
				C. koseri

				1

				-

				-

				-

		

	

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	1) ambulatory hospital sewage; 2) ward hospital sewage; 3) outlet hospital sewage; 4) raw urban sewage (UWWTP); and 5) treated urban sewage (UWWTP); Antibiotics: AMO (amoxicillin), AMC (amoxicillin clavulanate), AMP (ampicillin), ATM (aztreonam), CPM (cefepime), CTX (cefotaxime), CFO (cefoxitin), CAZ (ceftazidime), CIP (ciprofloxacin), CLO (chloramphenicol), ERT (ertapenem), GEN (gentamicin), IPM (imipenem), MER (meropenem), STX (sulfamethoxazole trimethoprim(, TET (tetracycline). Source: [69]

	 

	 

	Table 4. Encoded β-lactamases in isolated bacteria from general hospital Ptuj, Laßnitzhöhe rehabilitation clinic and Leech surgery clinic wastewaters

	
		
				Time of sampling 

				Sample number 

				Selective chromogenic media 

				Species identification

				Antibiotic resistant gene (ARG) Time

		

		
				VIM

				KPC

				NDM

				CTXM

				OXA48

		

		
				GH Ptuj

				 

				 

				 

				 

				 

				 

				 

				 

		

		
				July 2017

				1 

				CARB Ec

				Citrobacter freundii 

				VIM

				NEG

				NEG

				CTXM9

				NEG

		

		
				4 

				CARB KESC 

				Enterobacter kobei

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				5 

				ESBL KESC 

				Enterobacter kobei

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				 14 

				ESBL KESC

				Enterococcus faecium

				NEG

				NEG

				NEG

				CTXM9

				NEG

		

		
				July 2018

				1

				ESBL Ec 

				Escherichia coli

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				2

				ESBL Ec 

				Escherichia coli

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				3

				ESBL Ec

				Citrobacter freundii 

				NEG

				NEG

				NEG

				CTXM9

				NEG

		

		
				4

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				5

				ESBL Ec 

				Citrobacter freundii

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				8

				ESBL KESC

				Klebsiella pneumoniae

				VIM

				NEG

				NEG

				CTXM1

				NEG

		

		
				11

				CARB Ec

				Klebsiella oxytoca

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				13 

				CARB Ec 

				Citrobacter freundii

				VIM

				NEG

				NEG

				CTXM1

				NEG

		

		
				16

				CARB KESC 

				Klebsiella oxytoca

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				17

				CARB KESC

				Klebsiella oxytoca

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				18

				CARB KESC

				Klebsiella oxytoca

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				19 

				CARB KESC

				Klebsiella oxytoca 

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				20

				CARB KESC

				Klebsiella oxytoca

				VIM

				NEG

				NEG

				NEG

				NEG

		

		
				25

				OXA KESC

				Pseudomonas mosselii

				NEG

				NEG

				NEG

				CTXM1

				OXA48

		

		
				PK Laßnitzhöhe

				 

				 

				 

				 

				 

				 

				 

		

		
				July 2017

				22

				OXA KESC 

				Citrobacter amalonaticus

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				23

				OXA P

				Citrobacter freundii

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				24

				ESBL Ec

				Escherichia coli

				NEG

				NEG

				NEG

				CTXM9

				NEG

		

		
				25

				ESBL Ec

				Escherichia coli

				NEG

				NEG

				NEG

				CTXM9

				NEG

		

		
				July 2018

				24

				OXA Ec 

				Citrobacter freundii

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				25

				OXA Ec

				Citrobacter freundii

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				26

				OXA Ec

				Citrobacter freundii

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				27

				OXA Ec

				Citrobacter freundii

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				28

				OXA KESC

				Klebsiella oxytoca

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				29

				OXA KESC

				Klebsiella oxytoca

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				30

				OXA KESC

				Citrobacter amalonaticus

				NEG

				NEG

				NEG

				NEG

				OXA48

		

		
				PK Leech

				 

				 

				 

				 

				 

				 

				 

				 

		

		
				July 2017

				32

				ESBL Ec 

				Escherichia coli

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				33

				ESBL Ec 

				Bacillus subtilis

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				July 2018

				1

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				2

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				3

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				4

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

		
				5

				ESBL Ec 

				Escherichia coli 

				NEG

				NEG

				NEG

				CTXM1

				NEG

		

	

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Source: [76]
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	Figure 5. The evaluation of the beta lactamase enzyme. Source: [62]
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	Figure 6. Mechanism of resistance genes transfer from a multidrug-resistant strain (R) to a susceptible bacteria (S). Source: [65]
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	Figure 7. Correlation of resistance of bacteria to antibiotics and heavy metals. Source: [80]

	 

	CONCLUSION

	 

	In light of this review, the management of hospital sewages effluents is not a top priority for most authorities around the world. It is more neglected or even abandoned in developing countries. Scarce investigations are carried out with regard to hospital liquid effluents. However, the high loads of organic matter, chemical matter, heavy metals, and multi-resistant bacteria in hospital sewage effluents, and poor management of effluents present risks and threats to aquatic biodiversity, treatment stations, and other peri-urban agricultural areas from these effluents, risk of infection, and intoxication from the at-risk populations who use them. Elsewhere, the presence of antibiotic and heavy metal residues contributes to bacterial selection on one hand and the emergence of bacterial resistance genes on the other.
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