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Abstract
Antibiotic resistance globally creating a serious health crisis which threatens today’s living world. Recent research updates indicate that specific environmental factors are the key regulatory components for the spreading of clinically relevant or non-relevant resistant microorganisms. Additionally, the resistant bacteria are vigorously transmitted with respect to environmental factors posing a serious threat to the clinical healthcare system. Further, factors like sanitation and hygiene, drinking and surface water, food products, hospital and pharmaceutical waste, animal farming, domestic waste, heavy metals, and mobile population promote antibiotic resistance in pathogenic microbes. In the current review, an attempt is made to explore the knowledge of various possible mechanisms of antibiotic resistant strategies like dissemination of genetic elements, spontaneous transmission, horizontal gene transfer, genetic reactor, genetic elements, and overuse of antibiotics in association with environmental factors. The study also looked at related aspects of anthropogenic evolution and suggests that the crisis may be managed by the intervention of global regulatory bodies/ national/ state governments, which are also discussed here.
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1   Introduction
In 1889, Paul Vuillemin coined the word "antibiotic," which simply means "against life," to describe the antagonistic effect on living organisms. Antibiotics were identified by Selman Waksman in 1942 as chemical substances formed by a certain group of microorganisms that have the ability to inhibit growth, even if complete destruction of other microorganisms in dilute solution or lower in concentration [1,2]. However, Benedict and Langlykke updated Waksman's description in 1947 (as certain antimicrobial agents were discovered in higher plants and animals) and reported that it is an antimicrobial chemical compound obtained from or generated by any living entity that can inhibit the life process of microorganisms, even at low concentrations [1]. The concept of antibiotics has fully changed because of the use of synthetic or semi-synthetic chemicals, with an ultimate aim to kill the microorganisms that cause infectious diseases [3]. It was predicted that the first antibiotic in the form of pyocyanase was discovered in 1899 from green bacteria (Pseudomonas aeruginosa) by Rudolf Emmerich and Oscar Low. Initially, it was isolated from bandages of injured patients and had inhibiting activity against other microbes. The supernatant of batch cultures was directly used as medicine to treat human infections and was applied in several clinical trials in 1889 [4]. However, the real picture of antibiotics came into existence after the discovery of penicillin by Alexander Fleming in 1928 [3,4]. Needless to mention that the antibiotics were highlighted due to its crucial role in the treatment and prevention of infections among the soldiers during the Second World War [5]. Since then, antibiotics have been routinely prescribed by physicians to treat various infectious diseases [6]. 
	In recent years, antibiotics become resistant due to their enormous and irresponsible uses as well as a lack of target oriented new drug discovery by the pharmaceutical industries [6]. Since the last 60 years, antibiotic resistance (AR) has been a vital issue in medical sciences as most of the antibiotics have lost their efficacy towards eliminating infection and has resulted in major global health crisis [7], with rapid surge in fatality [8]. When an antibiotic can no longer prevent or regulate the growth of bacteria that it was originally used to cure, it is called a resistance tactic. It is far too difficult to contain the disease under certain circumstances, which could lead to the transmission of pathogens. Meanwhile, infection resistance due to antibiotics is difficult to treat and requires alternative medications or higher doses, both of which may be more expensive and/or more toxic [9,10]. In general, antibiotic activities are either cytotoxic or cytostatic in nature, and they have the ability to inhibit cell wall synthesis, protein synthesis, DNA and RNA damage, folate metabolism inhibition, and cell membrane function inhibition [11,12]. However, the mechanism of antibiotic resistance is more complex and it varies according to environmental factors. 
	Nowadays, the environment's function is debatable and requires vigilance since it leads to a significant source and spread route of antibiotic resistance, which is primarily due to anthropogenic practices [13]. Recent research findings indicate that the ecosystem and its environs are to blame for the spread of resistant bacteria and the development of resistant pathogens [8]. Furthermore, AR is leading to an uptick in deaths worldwide, and the WHO has warned that if researchers do not take action to tackle antibiotic resistance, more illnesses and minor injuries could result in increased mortality in the future (post-antibiotic era). However, limited and scattered information are available to relate the link between AR and environmental factors. As a result, all relevant knowledge about AR exacerbated by environmental causes is collected and summarised in a review format.
2 Rationale and survey methodology
In this review, we have attempted to explore the knowledge of various possible mechanisms of antibiotic resistant strategies like dissemination of genetic elements, spontaneous transmission, horizontal gene transfer, genetic reactor, genetic elements, and overuse of antibiotics in the association with environmental factors. All the factors are anthropogenic in nature which indicates that the situation may be controlled by the involvement of concern/global governing bodies/national and/or state governments. This paper is useful for the life science investigators and graduate students of various disciplines of biological sciences like Microbiology, Biotechnology, Nanotechnology, and etc.. 
The relevant literature search was done electronically by using Google Search Engine, PubMed, ScienceDirect and Frontiers Media data bases. The most importantly searched keywords were antibiotics, mechanism of antibiotic resistance, environmental factors, sanitation and hygiene, drinking and surface water, food products, hospital and pharmaceutical waste, animal farming, domestic waste, heavy metals, mobile population, public health, preservatives and health crisis are placed repeatedly within the text.

3   Mechanism of antibiotic resistance 
Antibacterial drugs' inability to inhibit target specific bacteria is thought to be the primary cause of antibiotic resistance and the problem became more severe after treatment failures for infectious diseases rose dramatically after 1990 [12,14]. Reports are available regarding the strategy development of antibiotic resistance by several bacteria and are likely due to either the various biochemical or genetic aspects (Fig. 1) [15]. Biochemical aspects include the inactivation of antibiotics, modification of the target site, alteration of efflux pump and membrane permeability and bypassing the metabolic pathway. More precisely, the inactivation of antibiotics can be achieved by cleaving the amide and ester type of bonds (mostly antibiotics contain these two bonds) with the help of hydrolytic enzymes like ß-lactamases, ring-opening epoxidase and carbapenemase [15,16]. Moreover, the enzyme transferases are also responsible for inactivating the antibiotics by compound replacement. The oxidation and/or reduction process in antibiotics may enhance the inactivation process, however; this can also be promoted by TetX enzyme which is synthesized within the bacterial cell [17]. The modification of target sites of bacteria is also another major concern towards antibiotic resistance, and that occurs by peptidoglycan structure alteration in which ß-lactam antibiotics are unable to find the specific target due to mutations in the penicillin-binding domain of penicillin-binding proteins [18]. In addition, C-terminal acyl-D-alanyl-D-alanine (acyl-D-Ala-D-Ala) -containing residues in peptidoglycan precursors fit as a target for glycopeptides such as vancomycin which inhibit cell wall synthesis. However, due to the resistance mechanism, D-Ala-D-Ala converts to D-alanyl-D-lactate (D-Ala-D-Lac) or D-alanyl-D-serine (D-Ala-D-Ser) at the C-terminus, which blocks the binding of vancomycin [19]. Modification of the specific target during protein and DNA synthesis has also been reported in several antibiotics. The mutation or multiple mutations in 23S rRNA/50S rRNA/16S rRNA components and specific proteins after post-transcriptional modification are major causes of protein synthesis interference, which lacks the binding capacity of antibiotics and becomes resistant. But in DNA synthesis, mutations occur in specific regions of the structural gene that correspond to prevent the specific enzymatic activities such as DNA gyrase and topoisomerase IV, interfering against inhibition processes of antibiotics [15]. Most antibiotics destroy bacteria by targeting their intracellular or periplasmic complexes; however, bacteria have evolved resistance mechanisms by lowering uptake capacity and activating efflux systems because of mutations in the regulatory components that control efflux pump production. Diffusion through water-filled porins, bilayer and self-promoted uptake are the main routes of entry of antibiotics through the outer membrane. However, differential expression of porins and mutation in lipopolysaccharides prompts antibiotic resistance by changing the permeability system of the outer membrane [15,16]. Sometimes the bacteria can develop an altered metabolic pathway that bypasses the inhibition action of antibiotics and develop a resistance strategy which is possible by inactivation of a certain enzyme [20]. 
	The genetic aspect of resistance to antibiotics occurs either by natural or acquired processes. The modulation of cellular genes and/or gaining of foreign resistant genes are the main genetic mechanisms of bacteria towards its resistance to antibiotics and are possible by sequential processes of mutation in different chromosomal loci and through horizontal gene transfer [20,21]. The mutation in chromosomes occurs randomly as replication errors or an incorrect repair of damaged DNA during the growth phases of bacteria and the process is called a spontaneous mutation or growth-dependent mutations which basically regulate the resistance factor related to structural components. Furthermore, certain bacteria reach a short-term state when they mutate very quickly (due to prolonged non-lethal antibiotics). Due to the inevitable consequence of errors during DNA replication or the failure of error-avoidance systems, bacterial cells continue to try to expand and replicate in this condition, resulting in hypermutators [15,16]. Adaptive mutagenesis also is a genetically related factor of antibiotic resistance where mutations occur in resting/slowly dividing cells and that might be from antibiotic resistant mutants from natural sources and basically stress dependent mutagenesis [15,20]. The most frequent and prime mechanism of antibiotic resistance is by horizontal transfer of genetic material. The acquisition of foreign DNA material either from other bacteria or from environmental sources is the main route of bacterial evolution. Classically the resistant gene relocates in a bacterium by plasmid transfer, viral delivery, and transfer of free DNA. However, the genes are integrated into the recipient chromosome by recombination or transposition and then modify the sequence of the gene in either one or multiple locations [20]. 

4   Environmental factors responsible for antibiotic resistance
The environment is a universal and crucial factor that regulates all activities of the living kingdom on earth. It plays a beneficial role within an optimum environmental condition but creates an adverse impact, if some limitations occur in social and behavioural aspects like nature of culture system, population, ethnicity, education, socioeconomic, urbanization, policies and legislation, and after all, individual’s perceptions, and knowledge [22]. Available evidence suggests that the environment is increasingly recognized for the global spreading of antibiotic resistance by creating complex interactions between human health, animal husbandry and veterinary medicine. Moreover, environmental factors monitor and control some vital pathways and help for releasing resistance-driven chemicals to the surrounding environment [9]. Further, an unhealthy environment also promotes the dissemination of genetic elements through cross-resistance and co-resistance processes to overcome the situation or for self-protection. As the situation stands today, the sum total of the environment is not only the reservoir of resistance traits but also acts as a bioreactor containing chemical stressors that lead to genetic exchange [23]. Thus, the major factors of the environment responsible for AR like sanitation and hygiene, drinking and surface water, food products, hospital and pharmaceutical wastes, animal farming, domestic waste, heavy metals and mobile population are discussed. 

4.1 Sanitation and hygiene 
Spontaneous gene mutation without any selective pressure from antibiotics is a natural process that can confer antibiotic resistance to bacteria. In addition, the acquired mode of resistance through the genetic determinants found in bacteria may also be able to induce resistance mechanisms to the antibiotics. It is worth noting that resistance mechanisms may be obtained or developed naturally, so the role of spreading processes has an equal effect [9]. Lack of hygiene and poor sanitation enhances the circulation and spreading of resistant bacteria. Overcrowding is also another important reason for the transmission of resistant bacteria through person-to-person contact or by taking contaminated water, air, or food [24]. The good and efficient personal hygiene practices are not only safe for individuals but also protect their surrounding environment to prevent illnesses and spreading of different diseases. Management of home sanitation and hygiene including latrines or toilet wastes, food preparation, washing stations, effective drainage, hand-washing, bathing and cutting hair/nails, brushing teeth, etc. does have a bearing on the spread of antibiotic resistance [25-28]. On the other hand, chemically based disinfectants (alcohols-, aldehydes-, chlorine-, acids-, iodophors-, peroxygen-, halogen-, ammonium-, alkali-based) have an impact on the resistance mechanism by developing horizontal gene transfer among microorganisms. Moreover, some biocides are also capable of selecting antibiotic resistant mutants which occurs between disinfectant resistance and antibiotic resistance [29,30]. 

4.2 Drinking and surface water
The water is considered as an ultimate form of life however, the drinking water should be safe to maintain a healthy life which is possible through the process of the water cycle system with important involvement of absorbing the surface which is later on stored as groundwater. But now, the surface water gets more contaminated by pollutants including antibiotics which are possible due to various anthropogenic activities. Application of antibiotics to agricultural land, consumption by humans and other animals and subsequent disposal through excreta like urine or feces, heavy uses of antimicrobial surfactants in our day-to-day life, rapid disposal of industrial effluents, etc. leads to the deposition of antibiotics on surface water and acts as a spontaneous transmission route to all living organisms [31,32]. On the other hand, the coexistence of AR microorganisms (developed or found) in surface water with a nonpathogenic population leads to developing of several routes of gene transfer through which, acquisitions of resistance genes by nonpathogenic bacterial population progress and consequently non-pathogenic microorganisms become the main reservoir of the AR factor. The resistant microorganisms now easily circulate and reach to living kingdom either by surface or drinking water [9,31].         

4.3 Food products
To meet the demand for food, farmers are frequently applying different antibiotics in different stages of growth and development of cultivated plants or animals; this can be considered as an important platform for the development of antibiotic resistant bacteria [33]. Particularly in food products, antibiotics are regularly used either to control (metaphylaxis) or to prevent (prophylaxis) the different diseases susceptible to species specific during cultivation processes of both developed and developing countries. The extensive application of antibiotics in food yielding animals, aqua-cultured lives and plant products (cereals, pulses, fruits and vegetables) often lead to the cellular accumulation of antibiotics, and this may pave the path for antibiotic resistance development in microorganisms in both vertical and horizontal gene transfer. Furthermore, resistant bacteria spread in the environment through cultivated animals' urine or feces, contaminating soil and water. The grown fruits and vegetables in such contaminated areas also significantly absorbed these antibiotics. Thus, contributes to the spreading of resistant bacteria in the environment through which animals including humans are under serious health hazards and exacerbates a global issue [34]. In addition, such phenomenon also promote the failure of antibiotic treatment towards common human pathogenic bacteria by transforming resistance genes [9].  

4.4 Hospital and pharmaceutical wastes 
Antibiotics and their non-metabolized residues, as well as organic compounds, are discharged to either hospital or industrial wastewater treatment plants. From the hospitals (human/veterinary), these are released from the urine, feces, and blood of infected individuals, direct disposal of unused therapeutic drugs, heavy use of disinfectants, etc. Similarly, pharmaceutical industries are dumping huge quantities of antibiotics (manufacturing discharges) as well as washing facilities of industry leading to high deposition into industry effluents. However, hospital effluents are considered as a cocktail of antibiotics as number of patients are being treated simultaneously against different pathogenic infections. For this, hospital wastewaters serve as a complex genetic reactor for the development of multidrug-resistant microbial strains by providing an ideal environment for resistant gene transfer between clinical pathogens and other environmental bacteria. Mainly, the wastes containing residues of non-metabolized antibiotics, transformed products as well as organic substances create a favourable situation for the proliferation of drug-resistant bacteria which is biologically possible by horizontal gene transfer via plasmids, transposons, and integrons [35-37].

4.5 Animal farming 
Most of the agrarian professionals are adopting modern techniques to cultivate animals for the betterment of the economy as well as the huge demand for food scarcity. The application of antibiotics is considered as one of the advanced techniques to check the occurrence, spreading and inhibition of different infections not only but also helps to grow faster, bigger, and less expensive during the animal husbandry process. Basically, a single or a group of animals routinely comes across with different antibiotics in the form of therapeutic, prophylactic and subtherapeutic uses with a controlled agricultural setting for the betterment of meat, eggs, milk, fiber, fur, leather, wool as well as other products [38]. However, grown animals and their products directly or indirectly come across with resistant microorganisms or naturally become resistant with unpredictable routes of transmission and antimicrobial selective pressures. Further, it spreads and transmits the specific resistance genes through the amalgamation of animals, environments and humans either by consumption or direct contact or disposed animal waste to the environment. It was also reported that the horizontal gene transfer mode of actions (between Gram-negatives and Gram-positives, between aerobes and anaerobes Actinobacteria, between non-pathogenic and human/animal/plant-pathogenic bacteria) and spontaneous mutations are the two vital actions in farm environments for augmentation of the AR bacterial kingdom. In this way, the resistant superbugs are abundantly formed and propagate safely in either the animal or human or other faunal environments [39,40].   

4.6 Domestic wastes
Day-to-day life, the production of domestic or municipal solid wastes is dramatically increasing and it is estimated that an average, half a tonne of waste is produced by a citizen of the developed country which includes toxic elements with the inclusion of solid wastes. Generally, antibiotics and their derivatives are coming under the toxic substances and dumping of old medicines, organic wastes like vegetables, flowers, leaves, fruits, animal foods as well as excreta are the main sources of occurrences [41,42]. Besides, the landfills are the genuine disposal practice of municipal solid waste or in some countries, effective management of either biological methods (aerobic/anaerobic degradation) or/and physicochemical methods (burning/pyrolysis) of waste are applied for household hosts. Since the disposal point and the solid waste, plant receive miscellaneous wastes, including antibiotics, other organic wastes and friendly (to that of the situation) microorganisms, it progressively builds a big platform in the form of a potential bioreactor for generating antibiotic resistance bacteria. The availability of mobile resistance genes and horizontal transfer, which may be possible in such settings from donor microorganisms, free DNA, and dead cells to living cells, boost colonisation in the various substratum, further causing an outbreak by resisting multiple antibiotics [41,43]. 

4.7 Heavy metals
Nowadays metal pollutants (heavy or trace) are serious issues as they are abundantly found in soil, water and air bodies and create several critical conditions when reached at the cellular or subcellular level of plants, animals as well as humans through the process of the food chain [44]. Antibiotics and antimicrobial agents are used extensively in farming, animal husbandry, and aquaculture processes, with antibiotics being transferred to both the soil and water environments. The coexistence of discharged heavy metals along with deposited antibiotics with optimal environmental surroundings starts to create a selection and co-selection mechanism for a surge in antibiotic resistant bacteria. In addition, some external environmental factors like availability of oxygen, pH and some essential nutritional elements alter the valence of the metal ions which act as a major phenomenon for the bioavailability of metals and their different complex forms. Thus, coupling mechanisms of antibiotics and heavy metals support the development of AR which is influenced by cross-resistance (physiological) and co-resistance (genetic) manner by tolerating more numbers of antimicrobial agents or transferring more numbers of resistant genes simultaneously with respect to antibiotics as well as metal resistance. It was also reported that the genetic elements like integrons enhance the multiplication of AR bacteria with the acquisition and exchanging of genetic information under toxic metal stress [45,46]. Additionally, under metal pollution conditions, heavy metal and antibiotic resistant genes are combined with mobile genetic elements and then transferred into the exposed microorganisms [47]. 

4.8 Mobile populations
The developed resistant microorganisms (as discussed above) from a specific environmental location can transmit to animals and/or humans through the food chain system, however, the availability of AR microorganisms is different from place to place. The people who are migrating frequently for the holidays or business trips often bring some resistant bacteria which further spreads within their native environment. Similarly, the migration of animals and birds for their safety breeding, nutrition and adjustment of the weather conditions can come across with resistant bacteria and with their mobility can induce the colonization of new resistant microorganisms. In this way, the global link of AR bacteria establishes and then becomes critical against curing of specific diseases caused by bacteria [48,49].   

5   Precaution or conclusion 
The ongoing discussion of the most influencing and supporting factors of the environment for developing antibiotic resistance indicates that the sources of each factor are manmade and can be critically prevented with the involvement of individual concerns. Everywhere the “use of antibiotics” is the single utmost cause which is more common and needs extreme attention. Unnecessary periodical alteration of prescription of antibiotics in human as well as husbandry healthcare (without a proper diagnosis), wide use as growth promoters in case of poultry and animal farming, daily uses in households and personal care products having antimicrobial agents are avoidable options for healthy life and environment. Therefore, no use or unnecessary use of antibiotics should improve the condition of antibiotic resistance. However, critical control of co-selecting compounds such as biocides and heavy metals in various hotspots such as hospitals, poultry farms, pharmaceutical industries, effluent treatment plants, domestic and agricultural waste can be strengthened by implementing the recycling drive of "reduce, reuse, and recycle.". The utilization of biotechnologically improved microorganisms to remediate the chemical drivers will add an additional step to reduce the antibiotic resistance activity. Meanwhile, scientific efforts to regulate and inhibit the modulation mechanism of gene expression in mobile genetic compounds, as well as their mutation properties, should emerge with extensive applicability. Selection of specific factors accountable for genetic based resistance may be localized and diversified with genetic characterization and followed by strategies development for its minimization. For which skilled professionals with international collaborations are urged to solve this critical problem. Attempts from different global regulatory bodies and stakeholders have been made to control the situation. One of the most effective attempts have been taken by all the seven UK research councils is to establish an interdisciplinary research platform by planning long-term funding support to evaluate the magnitude of antibiotic resistance. The non-governmental organization like ‘World Alliance Against Antibiotic Resistance, France’ was established and encouraged to develop various strategies for antibiotic resistance with fruitful interactive discussions among brilliant health professionals. Specifically, the antimicrobial resistance funders' forum was also developed by the Medical Research Council, UK with a vision of framework development to maximize the impact of national and international policies and activities towards tackling antibiotic resistance. However, one nation or one society cannot effectively control the current situation of AR, so this is the real time for all the nations to join together against this crisis. Finally, national or state governments or both have the ultimate responsibility for implementing or being aware of various problems among the public. To fruitful the program, different levels of task forces with specific codes of conduct should be established by exchanging knowledge from various international organizations like the World Health Organization (WHO), United Nations International Children's Emergency Fund (UNICEF), National Institutes of Health (NIH), Food and Drug Administration (FDA), Centers for Disease Control and Prevention (CDC), European Centre for Disease Prevention and Control (ECDC), etc. 
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Table 1	List of various resistant and/ or highly deposited antibiotics with respect to their environmental sources 
	Environmental sources
	Resistant and/ or highly deposited antibiotics
	References 

	Hospital waste 
	Ampicillin
Chloramphenicol 
Ciprofloxacin 
Gentamicin 
Methicillin 
Penicillin 
Streptomycin 
Sulphonamide
Tetracycline 
Triclosan 
Vancomycin
	Fletcher [9], Heuer et al. [50], Kummerer [51], Levy [52] 

	Wastewater
	Azithromycin
Clarithromycin
Erythromycin
Gentamicin 
Imipenem
Oxytetracycline
Quinolones
Roxithromycin
Sulfadiazine
Sulfamethazine
Sulfamethoxazole
Sulfapyridine
Sulphonamides
Tetracycline
Trimethoprim
	[bookmark: _Hlk161737513]Kummerer [51], Managaki et al. [53], Sakurai-Komada et al. [54], Suzuki and Hoa [55]

	Animal husbandry/ food product 
	Amoxicillin
Avoparcin 
Chloramphenicol 
Ciprofloxacin
Colistin 
Doxycycline 
Enrofloxacin 
Fluoroquinolones
Macrolide
Oxytetracycline 
Penicillin 
Penicillin G 
Quinolones
Sulphamethazine 
Sulphonamides
Sulfadimidine
Sulfamethoxazole
Tetracycline 
Tylosin 
Vancomycin
	Fair and Tor [14], Borgen et al. [56], Dang et al. [57], Novais et al. [58], Phillips et al. [59], Hassan at al. [60], De Liguroro et al. [61], Jacobsen and Berglind [62], Samuelson et al. [63], Ghimpețeanu et al. [64]   

	Domestic/ municipal waste

	Ampicillin
Cefalothin
Cefuroxime
Ciprofloxacin
Piperacillin
Quinolones
Sulfamethoxazole
Tetracycline
Trimethoprim 
	Kummerer [51], Guillaume et al. [65], Reinthaler et al. [66] 
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Fig. 1: Important molecular mechanisms of antibiotic resistance in bacteria (Sources: Dzidic et al., 2008; Munita and Arias, 2016)
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