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Abstract---Our work includes two aspects of resistance in 

consequence, the first one is the evolutionary side as it evolves in our 

ecosystem, as well as the estimative side for the future, where it poses 

a huge challenge that is still unpredictable.  Our scientific opinion on 

this subject starts with a synthetic overview of mechanisms that may 
be recognized until now, and demonstrates the evolutionary concept 

in the context of resistance. The inadequate use of antibiotics for 

preventive or zootechnical purposes in animal production can lead to 

the presence of their residues as well as to the emergence of multi-

resistant bacteria, even though the passage of this bacterial survival 

pattern among species and even across different species creates 
health risks and ecological disorders in general. However, the current 

problem, requiring urgent focus and attention, could become more 
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and more critical, and the timing of intervention can put our lives at 

risk. So the question arises, when will we take action? 

   
Keywords---antibiotics, resistance, risk, impact, ecological disorders. 

 

 

Introduction  

 

Actually, it is impossible to imagine medical treatment that cannot adequately 
control bacterial pathogens; medical specialties such as veterinary medicine and 

surgery would simply collapse without access to modern antibiotics. (Littmann et 

al., 2020 ; Stuart B, 2013). Since the discovery of sulphonamides in 1932 and 

penicillin in 1945, the mortality rate due to infectious diseases has miraculously 

decreased, and this period is considered a turning point in human and animal 

health. (Søren Brøgger, 2021 ; Lesch, 2007). As human beings develop in their 
curative and preventive health status, the species known as pathogens, in spite of 

their primitiveness, have adapted to this progression and changed their survival 

strategies and mechanisms, which are still poorly known or less exploited by the 

most intelligent biological beings on the Earth !   

 

An updated view of the biological phenomenon 
 

The mechanisms of antibiotics are of five modalities, the first is the inhibition of 

nucleic acid synthesis, second is the inhibition of protein synthesis which acts on 

ribosomes, then inhibition of bacterial wall synthesis and disruption of membrane 

functions and blocking and inhibition of metabolic pathways such as that of folic 

acid (figure 1). (Elisabeth et al., 2003 ; Garima et al., 2017 ; Walsh; 2003 ) 
 

 
Figure 1. Locations of antiobiotics action at the cellular level 
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Today, this miracle of antibiotics is in jeopardy on all fronts, where bacteria are 

becoming increasingly resistant, even to our new antibiotics. (Nwobodo et al., 
2022). Antibiotics are integrated in our ecosystem more and more and this 

presence is an absolute imperative whose use goes from professionalism to total 

anarchism (Manyi-Loh et al., 2018; Berghiche, 2019), and like all medicines, 
antibiotics have their own kinetics and dynamics and their fate in the 

environment as well as its metabolites will increase the risks related to its 

enormous use in sanitary and zootechnical matters for the living being in general 

and the animal in a special way. (Anadón et al., 2018) 

 

Our environment in general is becoming contaminated by various antibiotics 
(Diwan et al., 2010), runoff from intensive farms and human sewage systems 

when we talk about the metabolites of these molecules that are excreted in urine 

and faeces, exposes more and more bacteria from all over the world to low levels 

of antibiotics. (Kraemer et al., 2019). The phenomenon of resistance of bacterial 

strains to antibiotics was not necessarily related to its use or the era of its 

discovery. Reinforcing the assumption that some wild animals without apparent 
contact with man-made drugs, probably explains why most classes of compounds 

used clinically are also produced by microorganisms in the environment. (Davies 

& Davies., 2010 ; Holmes et al., 2016) 

 

In some cases, resistance has proven to be a complicated task and its 

development took three decades and involved a series of genetic events that were 
perfected until levels of resistance of medical interest were obtained (figure 2).  

(Fair et al., 2017 ; Wright; 2003 ; Gootz; 1990) 

 

 
Figure 2. Differential analysis between natural and acquired resistance profile. 
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If we look at the examples of natural resistance in Enterobacteria, we find this 

taxonomy of bacteria in the following distribution; Group one contains species 

naturally sensitive to all b-lactam antibiotics such as Escherichia coli, Proteus 
mirabilis, Shigella sp, Salmonella sp, Yersinia pestis, second group contains 

species resistant to amino and carboxypenicillins. Klebsiella sp, Citrobacter koseri, 
amalonaticus, third group includ species resistant to aminopenicillins not 

recovered by clavulanic acid as Enterobacter sp, Citrobacter freundii, Serratia sp, 
Morganella sp, the fourth group typify by accumulation of natural resistance from 

groups 2 and 3 as Yersinia enterocolitica, Pseudotuberculosis. (Yao & Moellering 

Jr., 2011 ; Shahid et al., 2009) 

 

Selective preferential antibiotic resistance processes are divided into three 
ecosystem interactions: Natural environment ( resistome ) where microbes 

surround small concentrations of antibiotics produced by other microorganisms 

and where resistance is low in this case; Non-clinical environment where human 

presence that increases the selective pressure "medium resistance" and clinical 

environment high resistance (figure 3). (Yılmaz & Özcengiz., 2017 ; Waglechner & 

Wright., 2017) 
 

 
Figure 3. Schematic organization of preferential ecosystem interactions for 

antimicrobial resistance 

 

At the lethal concentration used to treat an infection, antibiotics impose an 

intense selective flare-up that can be overcome by several types of pathogen 

resistance. (Dhama et al., 2013 ; Baumgartner et al., 2008) 

 
Chronic exposure to a minute dose of an antibiotic that is present as a growth 

promoter in food sewer systems and in a contaminated microenvironment causes 

a stress response in bacteria that are the result of mutation, on the other hand, 

bacteria exposed to a sublethal dose of a bactericide produce increased levels of 

reactive oxygen species that can mutate and increase the efficiency of 
recombination in the affected bacteria, as well as emergency response via the 
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error-prone DNA polymerase, which creates a new mutation (figure 4).  (Mack et 
al., 2011 ;Donné & Dewilde., 2015) 

 

 
Figure 4. Impact of chronical exhibition on the appearance of the resistant gene 

 
Genetically, two mechanisms have been identified, intrinsic resistance or a 

chromosomal mutation involving resistance passed on from the descendants or 

the vertical transmission at this level an acquisition of genetic information from 

another bacterium and extrinsican resistance or a extrachromosomal mutation 

which resistance transmitted from one bacterium to another or horizontal 

transmission more or less vertical. (Christaki et al., 2020) 
 

Some bacteria are inherently insensitive to antibiotics, and were so before 

generalization of these products. Most resistant bacteria, however, emerged as a 

result of acquired genetic modifications by mutation or by transfer of genetic 

material from resistant bacteria to sensitive bacteria. It is generally recognized 
that bacteria can develop resistance to virtually any antibiotic in response to its 

use. Exposure to antimicrobials leads to a selective multiplication of resistant 

bacteria which may persist and replace sensitive bacteria. (Jian et al., 2021 ; 

Levy, 2013) 

 

Resistance genes are encoded either by or outside of chromosomes by plasmids, 
transpose and integrate. The ease of transfer of genetic material plays an 

important role in the spread of antibiotic resistance from one bacterial strain to 

another. Resistance genes therefore have a high potential for diffusion among 

bacteria. It follows that antimicrobials may be responsible for the multiplication of 

resistant bacteria, both among virulent strains and in normal bacterial flora. 

(McManus, 1997 ; Amábile-Cuevas & Chicurel., 1992) 
 

Three mechanisms of horizontal gene transfer that occur in nature are 

transduction, transformation and conjugation. Conjugation is essentially the 

transfer of bacterial DNA from one bacterium to another after contact, this 
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transfer pathway being particularly widespread in the digestive tract, a place rich 

in microorganisms allowing close contact with pathogens, transformation is the 

transfer of bacterial DNA after fixation and absoprtion by competent recipient 
bacteria and transduction is the transfer of partial bacterial DNA via a 

bacteriophage (figure 5). (McManus, 1997 ; De la Cruz & Davies., 2000)  

 

 
Figure 5. Horizontal and vertical models of resistant gene exchange 

 

The chromosomal resistance mechanisms are classified as follows:     

 

1. Drug inactivation: an enzyme that cleaves part of the molecule and makes it 

inactive like penicillin by penicillinase (figure 6). (Foster, 1983 ; Todar, 
2011 ; Neu & Gootz., 1996) 

 

 
Figure 6. Drug inactivation process 

 

2. Decreased permeability: the receptor that carries the drug is altered so that 

the drug cannot enter the cell (figure 7). (Jarlier & Nikaido., 1994) 
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Figure 7. Decreased permeability device 

 

3. Activation of the drug pump: specialized membrane proteins are activated 

and continuously pump the drug out of the cell (figure 8). (Land & 

Johnson., 1999) 
 

 
Figure 8. Activation of the drug pump mechanism 

 

4. Modification of the drug binding site: the binding site on the target 

(ribosome) is altered so that the drug has no effect (figure 9). (Foster, 2017 ; 

Hansen et al., 1999) 
 

 
Figure 9. System of modification of the drug binding site 
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5. Use of the alternative metabolic pathway: the drug has blocked the usual 

metabolic pathway so that the microbe bypasses it by using an unblocked 

alternative pathway that achieves the desired result (figure 10). (Yi et al., 
2021 ; Onorato, 2021) 

 

 
Figure 10. Use of the alternative metabolic pathway 

 
What are the possible alternatives to conventional antibiotics? 

 

Currently, research is focused on the alternatives for classical therapy with 

antibiotics, aiming at reducing the use of antibiotics in order to reduce the 

harmful effects and at finding a new approach in the case of multi-resistant 

bacteria dominance.    
 

A. Natural resources  

Recent studies have shown a renewed interest in alternative therapies 

(phytotherapy, aromatherapy, homeopathy), as consumers consider them to 

be less aggressive and more respectful of nature than conventional 
medicines; These researches are great and especially in their application as 

antimicrobial compounds are tremendous and very representative, but they 

require more interesting and valorisation as well as toxicological studies for 

these organic products are obligatory. (Valladão et al., 2015 ; Marini et al., 
2015)   

B. Nano-antibiotics 
Nanoparticle antibiotics are defined as drugs modified at the nano-level to 

improve their effects on bacterial infections. These materials include 

nanometallic particles, polymeric nanoparticles and liposomes. (Kumar et 
al., 2019 ; Srivastava, 2016). The advantage of nano-antibiotics is that they 

can be designed to specifically target pathogenic bacteria, while minimising 
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damage to healthy cells. In addition, nanoscale antibiotics can more easily 

penetrate infected tissues and reach places that are difficult for 

conventional types to penetrate; however, it is important to note that 

nanoscale antibiotics can also have adverse impacts on the environment 
and human health if they are released into nature in large quantities. 

Therefore, their use should be carefully monitored and regulated to 

minimise any negative consequences. (Le et al., 2021 ; Pormohammad et al., 
2021 ; Abeer, 2012) 

C. Bacteriocin 

Lactic acid bacteria are micro-organisms used in the production of many 
fermented foods, such as yoghurt, cheese and sauerkraut. In addition to 

their food use, lactic acid bacteria also possess antimicrobial properties that 

make them promising for use as an alternative to antibiotics. (Das & Goyal., 

2012 ; Khan et al., 2010) Lactic acid bacteria produce substances called 

bacteriocins that have antimicrobial activity against pathogenic bacteria. 

The bacteria can act in different ways, preventing the growth of pathogenic 
bacteria or destroying them; Bacteriocins can be classified into two 

categories: class I bacteriocins, which are linear peptides, and class II 

bacteriocins, which are cyclic peptides. Class II bacteriocins are more stable 

and active than class I bacteriocins, making them a preferred choice for use 

as alternatives to antibiotics. (Parada et al., 2007 ; Šušković et al., 2010 ; 

Zimina et al., 2020). By using lactic acid bacteria as an alternative to 
antibiotics, it is possible to specifically target pathogenic bacteria without 

harming the beneficial bacteria present in the human body. In addition, the 

use of lactic acid bacteria is considered safe and without undesirable side 

effects. (Perez et al., 2014). However, it is important to note that the use of 

lactic acid bacteria as an alternative to antibiotics is not always effective 

against all bacterial infections. Furthermore, the production of bacteriocins 
by lactic acid bacteria can be influenced by different environmental factors, 

such as temperature, pH and available nutrients, which can affect their 

effectiveness. Finally, it is important to stress that the use of lactic acid 

bacteria must be carefully controlled to avoid any risk of bacterial 

resistance. (Gilliland, 1990 ; Zeise et al., 2021)  

D. Cyclopeptid 
Cyclopeptides are small molecules composed of amino acids that are bound 

as a ring. They occur naturally in some bacteria and fungi and have been 

studied for their potential as alternatives to antibiotics, cyclopeptides have 

antimicrobial properties, which means that they are able to kill or inhibit 

the growth of pathogenic bacteria. Unlike traditional antibiotics, 

cyclopeptides have a unique molecular structure that allows them to 
specifically target pathogenic bacteria without affecting beneficial bacteria in 

the body; In addition, they have advantages in terms of bacterial resistance. 

Pathogenic bacteria tend to develop resistance to antibiotics quickly, which 

limits their long-term effectiveness, on the other hand, have a unique 

molecular structure that makes them less susceptible to the emergence of 

bacterial resistance. (Berdy, 2005 ; Jin, 2020 ; Lai et al., 2023). However, it 
is important to note that cyclopeptides are still under investigation and their 

use as alternatives to antibiotics has not yet been widely adopted. Pre-

clinical and clinical studies are on-going to assess their efficacy and safety 

and have also higher production costs than traditional antibiotics, which 
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may limit their accessibility. In sum, those molecules have great potential as 

alternatives to antibiotics, but their use still requires further research and 

development to be widely adopted. 
E. Bacteriophages 

Bacteriophages are specific viruses that infect and destroy bacteria; they are 

used as an alternative to antibiotics in the treatment of bacterial infections, 

the use of bacteriophages as antibiotics involves the identification of specific 

phages that can target and destroy the pathogenic bacteria responsible for 

the infection. The phages are then multiplied in the laboratory to produce 
enough phages to treat the infection. (figure 10) (Allen et al., 2014 ; Loc-

Carrillo & Abedon., 2011) 

 

Phages have several advantages as alternatives to antibiotics. Firstly, phages have 

high specificity for target bacteria, which means that they do not harm beneficial 

bacteria in the body. In addition, bacteria are less likely to develop resistance to 
phages than to antibiotics. (Defoirdt et al., 2011)  

 

However, the use of phages as antibiotics also presents challenges. Identifying 

appropriate phages can be difficult and time-consuming, and their use requires 

rigorous safety and efficacy testing. In addition, producing phages in large 

quantities can be expensive and requires specialised equipment and 
infrastructure. (Svircev et al., 2018)  

 

 
Figure 11. Mechanism of bacterial infection by phages 

 

F. Synthetic biology and predatory bacteria 

For antibiotics, synthetic biology has been proposed as a valuable 

alternative to conventional antibiotics. Scientists explored the feasibility of 

developing predatory bacteria that could target and kill pathogenic bacteria, 
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but without the side effects associated with antibiotics. Predatory bacteria 

are organisms that occur naturally in the soil and have the ability to kill 

other bacteria by releasing enzymes that break down the cell walls of the 

target bacterium; Synthetic biology has been used to design predatory 
bacteria that can be controlled using external signals, such as light or 

specific molecules. This would allow specific targeting of pathogenic bacteria 

without affecting the beneficial bacteria in the host organism. However, 

much work remains to be done to develop this approach and make it 

effective and safe for use in humans. (Pérez et al., 2020 ; George et al., 
2023). To summarise, synthetic biology and predatory bacteria are 
promising areas of research for developing new alternatives to antibiotics. 

However, more research is needed to evaluate their efficacy and safety 

before they can be used as treatments in clinical practice. 

 

Antibiotic resistance' Real or predicted crisis? 

 
Through several researchers and after consulting hundreds of scientific papers, 

we synthesize the opinions in two ways, firstly that antibiotics since are only 

effective against foreign cells and bacteria and should have no effect on our own 

cells and tissues, they are not pharmacologically active, except for the side effects 

that many of them have when taken in high doses. This means that they can be 
prescribed with less rigour than other drugs. In many patients who show signs of 

infection, they are given simply for safety reasons, without strict bacterial 

diagnosis. This has contributed greatly to the extremely high consumption of 

antibiotics; this can be estimated from sales figures, which can be used as good 

indicators of actual consumption. (Bouvet et al., 2022 ; Daubin , 2010) Antibiotic 

resistance has evolved among pathogenic bacteria in a short time and in many 
ways faster than expected. This can be explained in part by the short reproductive 

period of the bacteria, which allows them to succumb to antibiotic resistance. 

 

Evolutionary theory in a much shorter time than would have been possible for 

animals and other organisms, and bacteria have the ability to manipulate their 

genetic make-up, resulting in more rapid adaptation to the toxic effects of 
antibiotics: this is any resistance development that can be envisaged a natural 

hereditary of bacteria, including the absorption and integration of resistance 

genes from related organisms by adapting old evolutionary genetic mechanisms to 

the new ecological situation of high antibiotic presence. No microbial scientist can 

escape the wonder. We wonder then that these phenomena are constantly taking 

place. (Christaki et al., 2020 ; Uddin et al., 2021)  
 

Secondly, we notice that there are other viewpoints that justified this development 

of resistance as normal. It is explained by our existence until now, and the fact 

that antibiotics were found not that long past relative to our existence and this 

continues to evolve with our state of health and sanitary conditions, and this 
phenomenon is considered natural. It is natural even if the causation is 

anthropogenic, and although this vision is a little optimistic and superficial in 

terms of estimation, it cannot be said that there is a lack of predictive meta-

analysis on the subject. (Stearns et al., 2010 ; Ravelli, 2014 ; Ruppé, 2018) 
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Whatever your scientific opinion, antibiotic resistance is a major global public 

health concern. Antibiotic resistance is a natural phenomenon that occurs when 

bacteria develop ways to survive antibiotics. However, the excessive and 
inappropriate use of antibiotics by humans accelerates the process of resistance 

development. Antibiotic resistance poses a number of public health problems, as 

it can make infections more difficult or impossible to treat. This can lead to 

serious health complications, increased treatment costs and increased mortality. 

Antibiotic resistance is an issue that affects everyone, from health professionals 

and researchers to policy makers and the general public. It is therefore important 
to take measures to prevent antibiotic resistance, such as promoting the judicious 

use of antibiotics, developing new antibiotics, implementing better hygiene 

practices and raising public awareness of antibiotic resistance. Antibiotic 

resistance is a complex problem that requires a comprehensive and coordinated 

approach to solve. 
 

Conclusion  

 

This review makes reference to predictive meta-analyses on the subject, which 

suggests that there is on-going scientific research to better understand and 

predict the evolution of antibiotic resistance. This work can help guide public 
health policies and interventions to prevent and control the spread of antibiotic 

resistance. Through this work we have detailed the mechanisms of resistance to 

antibiotics as a phenomenon danger, with all the existing information available 

summarized, antibiotic therapy currently with the use of correct or inconsiderate 

is a double-edged sword because our vision of these components is limited to 
their therapeutic role without accounting for their role in the environment and the 

organism over time. 

 

Understanding the phenomenon of resistance is a necessity and an absolute 

must, and the adverse effects are getting more and more closer to us, and the 

alarming phenomenon has entered the danger phase with no sign of monitoring 
and no way to prevent its spread; if antibiotics have wiped out humanity many 

times, they can harm it just as much, and perhaps more. Combining the efforts of 

experts and researchers in the fields related to the phenomenon of antibiotic 

resistance is mandatory, and working on a global system to study and monitor 

the spread of the phenomenon is an urgent necessity before the beginning of a 
pandemic that will be the most damaging in the world' history. 
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