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Abstract 

 

 Antibiotic resistance is a few of the 

pre-eminent customary health heed thus far. 

Microorganisms can broaden resistance to 

antibiotics used within the remedy with an 

expansion of mechanisms. The Squandering 

of antibiotics inside the veterinary, 

agricultural & clinical sectors, which include 

the irrelevant prescribing of antibiotics and 

their overuse within the cattle zone, and 

inadequate hygiene practices in health center, 

all make a contribution to the rise of AMR. 

There are many mechanisms that bacteria 

show off to shield themselves from 

antibiotics and knowledge the mechanisms 

by means of which bacteria face up to 

antibiotics will become vital to solving the 

disaster. Laboratory primarily based 

antibiotic resistance detection strategies can 

decide resistance or susceptibility of an 

isolate against any therapeutic applicants 

appropriate use of antibiotics, vaccination, 

schooling, research, development of novel 

antibiotics, policy, rules and surveillance of 

antimicrobial resistance and antibiotic use 

have a first-rate position in minimization of 

antibiotic resistance. 

In this text, the general mechanisms of 

resistance to antibiotics along with its 

universal burden, detecting procedure, 

minimization strategies have been  

summarized. 
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I. INTRODUCTION 

 

 Antibiotics are used in treatment & prevention of bacterial  infections.  Antibiotics 

plays key role in improvising treatment for infections due to micro-organisms into late 20th 

century. Antibiotics have transformed animal husbandry and agriculture. They uses 

antibiotics as growth promoters to prevent, and treat infectious diseases, and to improvise 

efficiency in health in animals & plants [1]. Antibiotics can be cytotoxic or can be 

cytostatic to microbes, which enables the human & animal’s natural defense systems such 

as immunological system and eliminate microbes. They are low molecular weight 

containing compounds, which are mostly naturally synthesized products, made up of 

microorganism or are naturally derived products which are effective against other 

microorganisms at lower concentration levels, although few antibiotics such as sulfa-group 

containing drug and oxazolidinones are naturally occurring [2]. It is not derived artificially. 

They act by inhibition mechanism acting on bacterial cell formation, synthesis process of 

proteins, DNA, RNA, act via membrane disruptors, or other actions. Antibiotic resistances 

remains world's one of the most important health issues till now [3]. Because of the 

overuse of antibiotics in  agricultural field & medicinal field, AMR mechanisms often 

comes out and threatens the modern medicine by reducing availability of clinically 

relevant antibiotics. AMR has resulted in mortality due to failure in therapy and increased 

medical costs  [4]. Until now, doctors have largely chosen antibiotics to treat bacterial 

infections  based  on previous clinical experience. However, with increased bacterial 

resistance to conventional antimicrobial agents, [5] it becomes more difficult for 

researchers to select a particular antimicrobial agents. The rise of worldwide AMR is huge 

threat to animals & humans, jeopardizing decades of improved health outcomes. It dangers 

the latest human & veterinary medicinal agents and negotiate with dietary health 

[6].Traditional methods of antibiotic susceptibility(phenotypic) testing remains important 

for daily routine diagnostics, because they straightly check the bacteria growth in solid and 

liquid medium in presence  of  the  antibiotic  agents.  Solid medium consists antibiotics 

susceptibility tests, such as disc-diffusion assays, Epsilonometric- tests, requires at least 22 

hours for an organism for growing on agar plate to visually assess growth inhibition [7] 

.The Molecular  level analysis can be  used for determination of presence of the AMR 

genes [8]. Responsible use of  antibiotic drugs, research, vaccination, education and 

development of new antibiotic drugs, regulations and policies, studying of AMR and 

usage of antibiotics play an key role in reducing AMR [9]. So, the goal of this review  is  to  

examine  AMR mechanism, strategies & methods to combat AMR. 

 

II. ANTI-MICROBIAL RESISTANCE (AMR) 

 

 Anti-microbial Resistance (AMR) is a complicated issue and a world-wide 

concern. Mistreatment of antibiotics in medicine, agri-material & veterinary, including 

inaccurate or false antibiotic prescribing, extreme use in animal husbandry, and bad 

hygiene practices in clinics, all contribute in increasing Antimicrobial Resistance. World 

trade and travel also enhances AMR spreading. Parallely, the advancement of new 

antibiotics is slowing, largely because of deficient approaches,  allowing organisms to 

overtake new drug development process. It meant that  disease  was cured, surgery 

became safer, and modern medicine could be developed. Microorganisms are called 

antibiotic-resistant when they can no longer be suppressed by formerly sensitive antibiotic 

agents. This type of resistance is called Acquired resistance, and it’s coded by resistant 
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genes in DNA of the micro-organism. This type of gene can arise from instinctive 

mutation into the microbial-DNA and some had evolution over the period of time, 

resulting into natural selection from natural antibiotics available nature. These Genetic code 

are also transferred from resistance of micro-organisms to susceptible microorganisms of 

drug. The primary drug species resistance were recognized in late years of 1940. Only 4 

years have  passed  since higher dose of penicillin therapy was introduced, from then, 

spreading of species of drug-resistant micro-organism, has continually increased. Bacterial 

species which are highly resistant such as methicillin-resistant S. aureus and vancomycin-

resistant enterococci accounting for higher proportion of nosocomial induced 

infections.[11] 

 

 AMR is the ability of bacterial species to antagonize the action of antibacterial, 

anti- reproductive agents and fungicides. The modification of AMR in bacterial species, 

often occurs which results in unwanted and unsuitable usage of antibiotic agents. The 

greater use of antibiotic agents has gave rise to resistant organisms over years, making 

therapy of these infection with these resistant organisms problematic. At present, at  one 

side, attempts are made to develop new drugs, on other hand, the faster growth of 

resistance to this drugs makes them difficult to treat. The increase in resistance to

antibiotic drugs is major public health concern worldwide. There are 4 major types of 

evolving antibiotic resistance, [24-26] 

 Intrinsic or Natural resistance 

 Acquired resistance 

 Cross over resistance 

 Use of multiple resistant antibiotics. 

1. Intrinsic or Natural resistance: No genetic heritage. It occurs as a result of naturally 

occurring resistance or microorganisms that do not contain the structure of the targeted 

antibiotic molecule that fails to reach their targets because of their properties. For eg, 

vancomycin in Gram negative bacteria do not cross outer bacterial membrane, so Gram 

negative bacteria are resistant to drug vancomycin. As, cell wall lacking bacteria, L-

type bacteria, Ureaplasma and Mycoplasma are inherently resistant towards the beta-

lactam antibiotic agents that inhibits cell-wall synthesis in bacterial cell. 

2. Acquired Resistance: Acquired resistance occurs because the genetic traits of bacteria 

change so that they are no longer affected by the aforementioned antibiotics. This type of 

resistance is mainly based on chromosomal or extrachromosomal structures (plasmids, 

transposons, etc.). 

       Chromosomal resistance results from mutations in the developing bacterial 

chromosome (spontaneous). Such mutations can be caused by physical factors (such  

as UV light) and chemical factors. This may be the outcome of structure change in the 

bacterial cell. As a result, bacterial drug permeability may be decreased or the drug's 

target within the cell may be altered. Streptomycin, aminoglycosides, erythromycin, 

and lincomycin can develop resistance to spontaneous chromosomal mutations 10 -7- 10-

12 Such resistance is therefore less clinical and often problematic. Resistance genes and 

Plasmids carry bacterial genetic material in three ways:  Conjugation, transduction, 

and transformation. Transduction with a bacterial-viral resistance gene transformation 

by a DNA-binding protein called Competence factor, conjugation occurs by the sex 

pili between two living bacteria by which the resistance gene be transferred. Antibiotic 
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resistance genes on chromosomes or plasmids are bound together and located at start of 

specific integrating unit  called  integrins. Integerons are found in humid and warmer 

regions in which re-editing is very commonly seen. [1,4&5] 

3. Cross-resistance: Few microorganism which are resistant to some drugs that are 

working by similar mechanisms, are resistant to another drug also. This conditions are 

frequently seen with structurally similar antibiotic drugs, like resistance between 

erythromycin, kanamycin, neomycin, and resistance produced between cephalosporin 

& penicillin. But, it can also increase in other groups of drugs. Examples are cross- 

resistance between erythromycin and lincomycin drugs, it can be 

extrachromosomal/chromosomal in origin. 

4. Multi Drug Resistance (MDR) and Pan-resistance: MDR organisms are bacteria 

that have developed resistance to antibiotics usually practice for treatment.  This  

means that certain drugs are no longer able to kill or fight germs. Inappropriate usage 

of antibiotics for treatment has led to the selection of pathogen that are resistant to 

multiple drugs. Bacterial multidrug resistance occurs by any mechanisms. Initially 

these bacteria can gather multiple gene, each one encoding resistance to the  drug. 

Such type of resistance frequently seen in resistance plasmids. The other type of 

resistance, MDR, can also be caused from expansion of expression of gene encoding 

multi-drug efflux pumps, inactivation of enzymes, and structural change in targets, 

considered as multidrug resistant. 

      If bacterial strains are resistant to one/two groups of antibiotics, which are 

considered drug- resistant species, and if a strain is resistant  to every group of 

antibiotics, they are classified as pandrug resistant. For example, (MDR) 

Acinetobacter spp. have resistant to at least (3) classes of antibiotic agents: all 

cephalosporins and penicillins, fluoroquinolones, aminoglycosides, can be defined as 

an isolates which are "Extreme drug resistant (XDR) Acinetobacter. Isolate resistant to 

3 classes of described antimicrobial agents (MDRs) and also carbapenems. Pandrug 

resistant or pan-resistant (PDR) Acinetobacter spp. shall be the XDR Acinetobacter spp. 

that is resistant to polymyxins (colistin) and tigecycline. 

      Efflux-pumps are transport proteins that are tangled in transport of toxical 

substance from the inside cell to extraneous environment. Bacterial efflux pump are 

extensive cause of drug-resistance phenomenon. They push wider range of antibiotic 

agents out of the organism. 

 

      That’s why the infection with these pathogen can be ambitious for treatment. Few 

efflux pumps are distinct for one drug only, while other can deliver multi-substrates. [30-

32] 

5. Antibiotic Inactivation: Bacteria use multiple mechanisms to inactivate antimicrobial 

agents, including hydrolysis process of antibiotics, group-transfer & redox processes. The 

production of Beta-lactamase enzymes, which hydrolyzes Beta-lactam ring of penicillin, 

is example of inactivation activity of antibiotics. Enzymes are often released by bacteria 

which inactivates the antimicrobial agents before it reaches the target inside the 

bacterium. Enzyme-mediated structural alterations of drugs by transfer of functional-

group, For example- thiol groups. The newer antibiotics are unable to bound with target, 

which occurs due to conformational changes and its response is inevitable. The 3rd 
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mechanism for antibiotics inactivation are redox reactions.[18,19] 

6. Target Modifications: Alteration of antimicrobial target sites prevents antibiotics 

from binding properly to the sites. Microorganism cannot block antimicrobial effects 

by completely abolishing them due to critical bacterial cell functions at the target site. 

In such mechanism, the bacterium had found ways to change the antimicrobial 

target.[20] 

7. Mutation: A Mutation is a spontaneously occurring change in sequence of DNA in  

genes  that can lead to changes in traits it encodes .One pair changes and leads for 

corresponding change in 1 or more of the amino acids, as it encodes, changes the 

enzymes or its cellular structure, resulting into a target antimicrobial affinities or 

Strong activity changes. Mutations due to exogenous base changes common in 

prokaryotic genome.[22] 

 

III.   MECHANISM OF RESISTANCE TO ANTIBIOTIC AGENTS 

 

 The variations that occurs in target regions of drug-associated receptors and 

compounds "antibiotic compounds" differ. It can differ in enzyme or ribosome. Resistance 

achieved with altered ribosomal targets is most commonly seen with macrolide 

antibiotics. Mutations in the penicillin-binding protein (β-lactamase enzyme) and strains 

of Staphylococcus Aureus, Pneumoniae, Meningococcus, and Enterococcus Faecium have 

tendency to grow resistance to penicillin. Structural changes in targets, macrolides, beta-

lactams, tetracycline, Rifampicin, quinolones, glycopeptides, resistance are important 

mechanisms in development. 

 

1. Inactivation of antibiotic via enzymes: Mostly, Gram negative and Gram 

positivebacteria synthesizes enzyme that  deteriorate antibiotic agents. This 

inactivation mechanism by enzymes is very important resistance mechanisms. In this 

group, a growing number of  beta- lactamases, aminoglycosides, modifying enzymes 

(acetylases, adenylase and other enzymes) degrade beta-lactam antibiotics. Inactivating 

enzymes include chloramphenicol and erythromycin. 

 

 Reduced Intimal and Outer Membrane Permeability: This resistance is rapidly 

eliminated by changes in inner and outer membrane permeability, decreased drug 

uptake into the cell, or active resistance of the pump system. 

 Active pump system: Resistance development occurs active system, most 

common is the tetracyclines. Tetracyclines are excreted by an active pump system 

which are energy dependent and cannot gather intracellularly. Such resistance 

controls plasmids and chromosomes. Active pump systems are efficient in 

resistance to 14 membered ring macrolides, Quinolones, beta-lactams, 

chloramphenicol, and beta-lactams. Use of alternative pathways: Unlike some 

retargeting in bacteria, new pathways in drug- sensitive compounds eliminate the 

need to manipulate targets. 

 

 Thus, resistance between sulfonamides and trimethoprim was established. 

Bacteria  can acquire the property of providing folate from the environment rather 

than synthesizing it 

2. Mechanism of Resistance by Antibiotic Groups: Resistance towards β Lactam 
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Antibiotics and 5th generation  antibiotic, monobactams, and carbapenems. Mostly, 

the very common mechanism for resistance involves the synthesis of beta-lactamase 

enzymes. 

 β-lactamases: Molecular studies have described β-lactamase enzymes of level  4 

classes which are (i)A, (ii)B, (iii)C & (iv)D. A & C & D β-lactamase enzymatically 

require cold ester-mediated B-class zinc ions, which are metalloenzymes. Class A 

β- lactamases: Gram positive and Gram negative bacteria are generally plasmids or 

transposons. Usually inductive. His TEM, SHV, ESBL (50 bacteria) of Gram 

negative bacteria are included in this group. ESBLs are found primarily in 

Escherichia coli and Klebsiella pneumonia [24,27,28]. Class B beta-lactamases 

(group 3): Enzymes that hydrolyze detectable species of Stenotrophomonas 

maltophilia, Bacteroides fragilis, Aeromonas and Legionella, carbapenems, 

penicillins and cephalosporins). Class C β lactamases: Mainly some of 

cephalosporins and It is usually found in Gram-negative bacteria and is localize to 

chromosomes (group I, AmpC, etc.).[27,29,41] 

 

3. Resistance to Aminoglycoside Antibiotics: Enzymes that change the structures 

of aminoglycoside 

      In aerobic Gram negative bacteria, enzyme inactivation is the most important 

mechanisms in growth toward resistances to aminoglycoside. It plays major role in 

resistances towards aminoglycoside-differing enzymes. Such enzymes are usually 

derived from plasmids and transposons. This groups includes acetyltransferases and 

phosphotransferases. A modified enzyme is responsible for higher levels of  

gentamicin resistances in enterococci. 

 

 Preventing passage of drugs into the cytoplasm: Anaerobic bacteria, a major 

mechanism of resistance to aminoglycosides. Altered ribosomal targets: especially 

important for streptomycin resistance. The 30S subunit caused by a mutation in the 

ribosomal protein S12 does not bind to target the streptomycin drug. Such type of 

streptomycin resistance is important in enterococci. [29,46] 

 

4. Resistance to Tetracycline 

 

 Avoidance of Drug-Uptake in Cell and Active pump system: Sudden 

chromosomal mutations in bacteria resulting in drug uptake to decrease membrane 

permeability to prevent the growth of resistance. Active resistance to tetracycline 

can also occur in active pump system. 

 Ribosome Protection: A Second Important Mechanism Leading to Tetracycline 

Resistance. Synthesis of the tetM, tetO, tetQ, and tetS genes inhibits the activity of 

the drug's cytoplasmic ribosome-associated protein. These genes are found  in 

bacteria  like Campylobacter,Ureaplasma , Mycoplasma, &Bacteroides. Originally 

they are plasmid and chromosomal. [27,29,38] 

 

5. Macrolides, lincosamides, streptogramins (MLS) group MLS group of 

antibiotics: Alterations of ribosomal targets is very commonly seen resistance 

mechanism in the Gram positive bacteria. The distinctive methylation of drug-

associated adenine molecule of the 50-S ribosome subunit by the 23-S ribosomal 

subunit of rRNA result in a conformational changes that decreases drug binding to 



Futuristic Trends in Pharmacy & Nursing 

e-ISBN: 978-93-6252-723-3 

IIP Series, Volume 3, Book 14 , Part 1,Chapter 5  

ANTIBIOTIC RESISTANCE: CAUSES, GLOBAL BURDEN, AND SOLUTIONS 

 

Copyright © 2024 Authors                                                                                                                    Page | 57  

rRNA.  The  enzymes which are responsible for process of methylation is coded in the 

gene regions erythromycin ribosome methylation. Such resistance can be structural or 

inducible in nature. 

 Enzymatic inactivation: Macrolides plays role in resistance by inactivating enzyme 

involved in resistance. 

 

6. Chloramphenicol Resistance: Chloramphenicol-Acetyl-transferase is the enzyme which 

is synthesized by enzymatic activity of a control plasmid. A wider range of Gram positive 

and Gram negative enzyme plasmids can be delivered using transposons.[28,29] 

 

7. Fluoroquinolone resistance: These are the chromosomal origin and mechanism of 

DNA mutation of the enzyme gyrase (topoisomerase II) (gyrA, gyrB). DNA gyrase 

enzymes are composed of four subunits. One subunit is primary target of the 

quinolones. This subunits encodes Gyr. Bacterial resistance mutation involved in 

generation of all quinolones. Mutationsin the gyrB gene, particularly P. aeruginosa and 

E.coli quinolones, confers Resistances.[29,48] 

 

 
 

Figure 1: Raw data and modelled estimates for the percentage of pathogen isolates that are 

resistant by country and territory (Fluoroquinolone Resistant E.coli) 
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8. Rifampicin Resistance: Rifampicin will disturb binding to subunits of DNA-

dependent RNA-polymerase enzymes in Gram-positive bacteria and mycobacteria. A 

chromosomal mutation that occurs in B-gene certificate, which encode the enzyme 

RNA polymerase, which  causes rifampicin resistance. [29,32, 51-54]. 

 

 
 

Figure 2: Raw data and modelled estimates for the percentage of pathogen isolates that are 

resistant by country and territory (Isoniazid and rifampicin co-resistant Mycobacterium 

tuberculosis) 

 

IV.  CAUSES OF ANTIMICROBIAL RESISTANCE [55, 56] 

 

In microorganism antibiotic resistance occurs naturally but our actions can amplify  the 

development and spread of resistance. 

 

 When health care workers overuse antibiotics 

 When patient don't take their antibiotic as prescribed 

 When people don't wash their hands properly and poor hygiene 
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 Due to migration of people and spreading resistant bacteria. 

1. Anti-microbial Resistance Occurs Naturally: AMR is natural process in bacterial 

cells, but the usage of antibiotics  exacerbates it, turn  on specific internal resistance 

processes mutate to defend against antibiotics acquire resistance genes from other 

bacteria. 

 

2. Antibiotic Use Increases AMR: The main cause of antbiotic resistance is the use of 

antibiotics. Antibiotic agents kills  few  of the bacteria, but the strains which are 

resistant can multiply after survival. Overusage of antibiotic makes resistant bacterial 

strains more common. 

 

      The more antibiotics we use, the more likely bacteria becomes resistant. This 

means antibiotic will not work when need it in the future-time. 

 

3. Mutation: Microorganisms divides and reproduces every hour & minutes. This allows 

to evolve them quickly and adapt rapidly to newer environment. Mutations occur 

during replicating process, and few of these mutations aids a single microorganism to 

survive exposure to antimicrobial agents. We can also get gene from each other, 

including Bacteria multiply billions of times. Bacteria with drug-resistant-DNA can 

transfer copies of similar gene to other bacteria. Non-resistant-bacteria acquires newer 

DNA and resistance occurs towards the drugs. 

 

4. Social Pressure: Usage of antibiotic drugs, even in limit, causes selective pressure for 

antibiotic drugs resistant strains. Also, there are various type of societal pressures 

accelerating the rise of antimicrobial resistance. 

 

5. Inappropriate use: Inappropriate usage of antimicrobial agents increase the selection 

of resistant organisms. Health care providers may inappropriately prescribe antibiotics 

to appease persistent patients with viral infections or undiagnosed conditions. 

 

V. METHODS OF DETECTING OF RESISTANCE 

 

 The Antimicrobial Susceptibility Testing Method is an in vitro method for detecting 

AMR  in individual bacterial isolate cultures. These laboratory-based assays can be used 

for determination of resistances or susceptibility of isolates to therapeutic entrants. These 

approaches can also be used to monitor the evolution & spread of resistant organisms in 

populations. [57] 

 

1. Disc-Diffusion Method: Utilisation of easily available drug soaked filter papers discs 

to surface  of seeded-agar plates until confluent with the organisms of interest are 

referred to disc diffusion. Disc- diffusion is called as the Kirby Bauer antibiotics test. 

Drugs dispersed gradually  in  the agar and the concentrations of drug decreases in 

logarithmic manner with increasing distance from disc, resulting in a circular growth-

inhibitory zone around the disc, whose diameter is below the MIC is inversely 

proportional. For, the inhibition zone, inversely correlated with MIC of bacteria used 

in test. Generally, larger the zone of inhibition, lower  is the concentrations of anti-

microbials are required to inhibit the growth of the organism. The disc diffusion assay 

is performed by placing approx. 1-2 x 108 CFU/mL of bacteria inoculum on surface of 
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150 mm diameter Mueller and Hinton agar plates. The rise in blockage zone around 

every antibiotics disc is measured to nearest mm. The zone diameter indicates 

sensitivity of isolate of bacteria and diffusion rate of the  drug through zone of agar 

diameters for each drug are analyzed using requirements published by Clinical 

Laboratory Standard Organization (CLSO), is simple to perform reproducible, and it 

do not need any cost effective equipment.[61] 

 

2. Dilution method: Agar-dilution method & broth-dilution methods are widely used for 

determination of minimum concentration of antimicrobials that kills microorganisms 

(bactericidal)  or  inhibits growth of microorganisms (bacteriostatic) is the way it is 

done. The  dilution method is performed when a quantification method is necessary for 

microorganism with different growth rate. [58] 

 

3. Broth dilution method: Broth dilution method expose the isolate to varying 

concentrations of the antimicrobial agent in a broth environment. The microdilution 

test use a total culture volume of approximately 0.05 to 0.1 mL and is easily be 

performed in a  microtiter  plate  format. Macro level dilution studies use 

approximately 1.0 mL of volumes of culture in standardly used test-tubes. For broth 

methods, the lower concentrations at which isolates are totaly inhibited, are registered as 

minimum inhibitory concentration (MIC). Therefore, the Minimum Inhibitory 

Concentrations is the lowest concentration of an antibiotic agent that inhibits the isolate 

of bacteria. The broth-dilution methods for antibiotic agents susceptibility testing is 

called as MIC method. Test-tubes  containing  each  antibiotics tested at increasing 

concentration from 0.0312 -512µg/ml are inoculated using solid  cultures containing 

standard concentrations of bacteria. Each tube has twice the  antibiotic concentration 

of previous test-tube. In Broth- dilution assay, culture tubes containing non-selective 

broth media are spiked with varying concentrations of antimicrobial agents. The tubes 

are incubated for 16 to 24 hours under optimal conditions for the test organism. 

Antimicrobial activity can be determined by spectrophotometry or plating counts. [63] 

 

4. Agar dilution method: Agar dilution is normally prepared in Petri dish, with the 

benefit of testing more than one organisms on every dish, in agar dilution technique, 

the antimicrobials are inoculated  in agar medium, with every dish containing 

distinctive awareness of agent. Inoculum can be quickly carried out to agar surface the 

usage of inoculum replicator.Mueller-Hinton agar is ready from dehydrate base, and 

the advantages of the agar- dilution check includes exponential results and increase of 

maximum non-troubling microorganisms. Although the agar dilution take a look at is 

not normally performed inrecurring medical laboratories, it could be ideal for 

neighborhood reference & research laboratories that want to check big numbers of 

isolate. [64] 

 

5. Epsilonometer Test (E-Test): The epsilonmetric test (E-test) is exponential slope 

methods for determining  AMR. The  E test was developed for the direct quantification 

of the antimicrobial  agents’  susceptibility of microorganism. It is a quantitative 

method that uses dilution of the antibiotic, and diffusion of the antibiotics into medium. 

This device consists of a defined continuous & exponential concentration gradient  of 

antibiotics immobilizedwithin a rectangular plastic test strip [65]. The principle of the 

E-Test method is based on antimicrobial concentration gradient on agar plate. This 
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strips are soaked with a concentration gradient of dry antibiotic at the bottom side and  

have a  concentration  scale on the top. When this E test strip is placed on the 

inoculated agar plate,  the  active  substance was immediately released. The E test is 

used to determine  the  MIC of  organisms such as S.pneumoniae and β Hemolytes. E 

test is uncomplicated, precise and convenient, and also used to record the MIC of anti-

fungal and anti-mycobacterialagents. [57] 

 

6. Automated Instrument Methods: Various automated system are commercially 

available which helps and  reduces the  technical timing required for performing & 

record sensitivity tests.  For  eg, the  results  for the Disk-Sensitivity Test & Breakpoint 

Sensitivity Test can also be read by using camera which is connected to computer 

system. Another system use liquid culture to detect the effects of antibiotic agents on 

bacteria growth rates by measuring turbidity (nephrometry) or CO2 production. Such 

automated systems may significantly reduce required incubating time.[66,67] 

 

7. Molecular Method for Detecting AMR: Molecular characterization of the genetic 

mechanisms of specific phenotypic results obtained by conventional antimicrobial 

susceptibility testing is essential for many clinical studies related to bacterial 

infections. Part of public, in few cases, molecular analysis is  done to explore the 

presence of specific genes when phenotypic results is  taking  very longer time, 

indecisive, or not available. Molecular method are widely use in research & reference 

labs. Few approaches used, such as Polymeric Chain Reaction and Hybridization 

technique. 

 

VI.  GLOBAL BURDEN OF ANTIMICROBIAL RESISTANCE [73] 

 

There is global concurrence that AMR is a serious to human life. However, into many 

parts of world, critical monitoring and exposure data are missing, making it crucial to get 

a complete picture of the state. Also, stress is a wide term that can mean copious different 

things. It is generally thought to be the mortality rate, caused by the disease. 

 

1. Economic Burden: Antimicrobial resistance is absolutely very expensive for each 

individual, health care and society. A study in this country found that the average total 

commutative cost of treating bacteria caused by resistant bacteria. The impact on the 

global economy is also huge. 

 

2. Health Burden of Antibiotics Resistance: It mainly regards as deaths figure caused by 

infections with resistant Species. Although it may look simple but there are many 

different ways to measure and evaluate this, making exposure estimates and data 

comparisons across studies. The number of people  dying during suffering from an 

antibiotic resistant infection is regardless of the availability of other disease or 

condition. The total excess deaths caused by a particular  resistant  infection. 

 

3. Mortality attributed to antibiotic resistance: Excess death in patients with antibiotic 

resistant disease compared to patients without antibiotic resistant disease critical 

factors are the diagnostic capabilities of the healthcare system and the methods used for 

identification, determines the number of  deaths  to  record. For example, if a 

terminally ill cancer patient becomes infected with resistant bacteria, develops septic 
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infection or suddenly dies, it is uncertain whether the purpose of infection and 

antibiotic perceptibility can be identified if the patient lives in a field with finite 

laboratory diagnostics. Data on of antibiotic resistance are particularly sparse in poor 

and developing countries, although such countries are usually known to be more 

affected. Efforts to ensure health coverage are also important for data generation. 

 

4. Antimicrobial Resistance: 

 

Emerging: Now Antimicrobial resistance can be viewed as both a slow moving epidemic 

and a silent tsunami. Despite the fact that many people die every day from drug-resistant 

infections, the burden is growing. 

 

5. Global data for 2019 shows that: One of five deaths from -resistant bacteria is  a 

child  under the age of five. The burden of  the AMR falls disproportionately on poor & 

developing countries. Read about first comprehensive report mapping the global 

burden on health of AMR 

 

 
 

Figure 3: Global deaths (counts) attributable to bacterial antimicrobial resistance by 

pathogen–drug combination, 2019 For this figure, only deaths attributable to resistance, not 

deaths associated with resistance, are shown due to the very high levels of correlation for 

resistance patterns between some drugs. 3GC=thirdgeneration cephalosporins. 4GC=fourth-

generation cephalosporins. Anti- pseudomonal=anti-pseudomonal penicillin or beta-

lactamase inhibitors. BL-BLI=β-lactam or β- lactamase inhibitors. MDR=multidrug 

resistance. Mono INH=isoniazid mono-resistance. Mono RIF=rifampicin mono-resistance. 

NA=not applicable. Resistance to 1+=resistance to one or more drug. 

S Paratyphi=Salmonella enterica serotype Paratyphi. S Typhi=S enterica serotype Typhi. 

TMP- SMX=trimethoprim-sulfamethoxazole. XDR=extensive drug resistance. 

 

6. Global Burden of Disease: Global Burden of Disease study estimates the burden of 

various situations and disorders in 195 countries. In 2018, it was announced that the 

Global Burden of Disease will also consider mortality and morbidity data on drug 

resistant infections. This work was conducted in association with the Global Research 
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on Antimicrobial Resistance (GRAM) project, with the starting goal of producing 

estimates of his ABR exposure since 1990 for 17 pathogen antibiotic combinations. First 

outcome are expected in 2021. However, these estimates are not straight forward due to 

lack of Microbiological data and choice of methodology. Unique characteristics of 

antimicrobial resistance e.g., not a disease per bacteria can flourish resistance to multiple 

antimicrobials. 

 

       For example, you can compare it to traffic. I wish the drivers would be more 

careful when driving on roads with a lot of traffic accidents. But if the driver knew that 

there was an average of 1 fatal accident per week on that particular road, the reaction 

might be different. Perhaps you will cancel your trip or choose another, statistically 

safer route. And authorities and policymakers are more likely to compute finding 

solutions to alleviate the issues and make our roads safer. 

 

       The same is true for antibiotic resistance. Knowing the scale of the  problem,  

both nationally and globally, helps convey the exigency of the crisis. It can help inform 

strategies, target mediation, and raise awareness. These are all crucial parts of the 

antimicrobial resistance response. In other sense, the lesser data on burden of AMR 

isvery necessary to address as it could delay national and global efforts. We need to 

look more closely at how to fill the gaps in the data. This includes further strengthening 

the capacity and capacity of health systems to identify and document drug resistant 

disorder outcomes, but also complementing data collection with point prevalence 

surveys, etc. will be As we continue to fill data gaps, we must determine that we have 

sufficient education and insight to take descision here and now. 

 

VII. SOLUTIONS TO MINIMIZE ANTI-MICROBIAL RESISTANCE 

 

 A considerable list on AMR bacteria was recently published by the sector fitness 

agency (World Health Organization) in a reality article dated 27-02-2017. Microorganisms 

are labeled as essential, high, and intermediate, and the type is based on degree of 

resistance, mortality and its healing potential, such a situation is especially essential for 

infection resulting from Gram (-ve) (P.aeruginosa, S.aureus, E.faecium K.pneumoniae,  

A.  baumanii, and Enterobacter) bacteria which are antibiotic- proof against carbapenems, 

which are considered a final treatment to antibiotics. M.tuberculi , the agent causing T.B 

added to this listing, is known as one of the top international fitness priority. They can 

initialize critical and deadly infection together with bloodstream infection and pneumonia, 

that bacteria are resistant to many antibiotics including 3rd Gen carbapenem and 

cephalosporin. It's best antibiotic for treating MDR bacteria. With no  new  antibiotics  

within the pipeline, this resistance is associated with excessive mortality. This pathogen 

priority list may be used as a guiding principle for R&D incentive and investment aiming 

for discovering new powerful antimicrobials [74-77]. Multidrug-resistant bacteria 

currently purpose about 25,000 deaths in Europe per annum [78] and price the 

financial system (economy) about € one. Five billion per annum and in United States 

scenario is also same. Multi-Drug Resistant bacteria kill 23,000 human beings each year 

out of two  million inflamed human beings. For this reason, Antimicrobial Resistance, is 

considered through World Health Organization, as one of the 3 biggest public fitness 

threats of the  21st century [79, 80]. 
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As the protection of anti-biotic medication declines, it is important to maintain its efficacy 

and scale up the present antibiotic arsenal. Moreover, improving antibiotic compliances 

[81] is critical, upgrades can consequently be made by using 

 

 Supplying more modern dosage forms to replace outdated pills, 

 Extending the life of present antibiotics. 

 

 The first goal is tough to aim without extensive government funding, and recently 

have  seen a decline in funding by means of pharmaceutical businesses in coming across 

new antibiotics [82]. The motives for this investment reduces both economic & clinical 

limitations. From the monetary factor of view, newer antibiotics are much less worthwhile 

than dosages for treating persistent illnesses, and antibiotic therapy is regularly quick-lived 

and healing. Additionally, antibiotics are usually ineffective against resistant 

microorganism, decreasing profitability [83]. There are also clinical challenges. From the 

'golden age' 2 new class of antibiotics drugs are delivered into the market. Antibiotics in 

development are derivatives of medicine which might be already approved and to which 

many bacteria have already got resistance mechanisms [84, 85]. Synergy and drug combos 

are a hit approach inside the combat towards MDR microorganism, and the usage of  

antibiotic adjuvants has already proven to assist drugs already in such area. The best  in 

class known successful example is combination of amoxicillin & clavulanic acid. 

Clavulanic acid is a beta-lactamase inhibitor with vulnerable antibacterial action, and 

Amoxicillin is a strong beta-lactam antibiotic, inactivated by beta-lactamase. Above 

mentioned combination of antibiotics drugs with antibiotic adjuvants brought about 

Augmentin, the top-promoting drug or blockading resistance agent of 2001.Antibiotic 

adjuvants also can suppress the inherited resistance that has brought about the elevated 

spectrum of motion of antibiotics, certainly, there are examples within the literature 

reporting using Gram positive selective antibiotics to deal with infections because of 

Gram-ve antibiotics. This is also an amazing strategy for antibiotics in which toxicity is a 

difficulty, along with: B. colistin. In this situation, antibiotic adjuvants that promotes the 

susceptibility of   micro-organism   to   antibiotics   allow   lower   doses   to   be   

powerful, decreasing therapeutic outcomes [86]. Up to this point, mainly three styles of 

antibiotic adjuvants were advanced to block the above antibiotic resistance mechanisms. 

(a) Efflux pumps inhibitors, (b) β-lactamase inhibitors, and (c) outer-membrane- 

permeabilizers.  Table below provides a listing of antibiotic adjuvant mentioned on this 

evaluation, additionally, newer potent inhibitors focused on virulence, the potential of 

micro-organism to motive contamination, are being developed to decorate the 

antimicrobial efficacy of medication [87]. This approach entails identifying proteins, 

genes, and other biopolymers liable for bacterial virulence. Blockage of those makes the 

bacteria much less suited and greater prone to attack with the aid of the antibiotics and 

immune system. By Facts, it has suggested that such objectives, despite the fact that now 

not important for survival, are not likely to generate mutations. it may be blended with 

current antibiotics to extend drug discovery objectives [88]. 
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1. Targeting Efflux pump mechanism: The efflux pump is most essential example of 

bacterial mechanism that causes cross- resistance to numerous antibiotic drugs [89]. 

Such resistance mechanism entails antibiotic drugs, mainly tetracyclines, macrolides, 

and fluroquinolones , which provides antibacterial outcomes within the bacteria[90]. 

Excretory or Eliminary systems can actively take away traditional antibiotics, ensuing 

in expanded minimum inhibitory concentrations or, in a few instances, lack of 

antimicrobial interest, such system can eliminate not only antibiotic agents, but 

additionally non-antibiotic substrate which include heavy metals and detergents from 

body [91 -93]. These trans- membrane proteins are present in nearly each & every 

organisms, which including humans [94,95]. It is usually accepted that they typically 

cause moderate levels of resistance, and the effects of effective losing of antibiotics 

may be summarized as follows:- 

 The best instance is P.aeruginosa, wherein knocking out the mex-B gene produces 

mutant that are highly sensitive towards various kinds of antibiotics.[96] 

 Cross-resistance includes the evolutionary event of antibiotic that reduces the 

susceptibility of organisms to multiple medicines. This is commonly because of 

high exposure to particular antibiotics. 

 Vast resistance is visible in bacterial species in which active efflux works in  

synergy with different resistance mechanism, along with Escherichia. coli lines 

that explicit both Beta-lactamases and efflux-pump and are also not sensitive to 

beta- lactam. [97]. The mixture of these two resistance mechanisms (efflux pump & 

beta- lactamase) has been proven to boom resistance to quinolones [98]. 

 The mutation favors micro-organism overexpressing efflux pump mechanism. In 

this manner, antibiotic goals are highly exposed to sub-inhibitory concentrations 

and may mutate in a manner that inhibits antimicrobial action [99], in the long run 
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leading to excessive tiers of resistance. Efflux of antibiotics drugs was first mentioned 

Thirty years in the past. That time, the presence of a plasmid-encoded-proteins that 

extrudes tetracyclines and resistances to this antibiotic drugs in E.coli [100] was 

studied by Mc-Murry and associates. Considering from then, numerous efflux 

pump are characterized in each Gram positive and Gram negative bacteria. 

Presently, efflux pump mechanism can be taken and is capable antimicrobial 

objectives because  of  their role in antibiotics resistance, and the modification of 

inhibitor may additionally enhance therapeutic arsenals against resistant strain of 

microbes. In result of mixture antibiotic therapy, efflux pump are wonderful from 

different resistance mechanism (together with beta-lactamases) that act on 

particular antibiotic households. In fact, efflux pumps can extrude out extensive 

variety of various antibiotic classes. For this reason, its inhibition increases 

bacterial susceptibility, and mixture with multiple antimicrobials may fit .There are 

several methods to inhibit efflux pumps: (i) adding functional group to drug 

substrates to interfere with recognition ,(ii) interfering with efflux genes 

expression, (iii) can block the action of small molecules designed efflux pumps as 

substrate analogues, or (iv) can intervene with the pump's energy transfer 

mechanism, (v) interfering with channel protein system or (vi) block channels can 

be [101,102] .Consequently, it may be confirmed that inhibition of efflux results in 

various positive outcomes. (i) booms the action of eliminated antimicrobials, (ii) 

maintain drug concentration at therapeutic doses, and (iii) lessen remedy length by 

means of lowering MDR [103,104] . The most common approach for combination 

therapy with specific antibiotics is the development of efflux pump inhibitors. 

Efflux- pump- inhibitor (EPI) are smaller molecule that binds to efflux pumps & 

block their extrusing action. Efflux pump inhibitors commonly don't have any 

inherent antibacterial action. So for that reason, those compounds may be further 

examined for synergistic action with various concentrations of antibiotic drugs 

towards singular concentration of inhibitors in bacteria cell wall containing efflux-

pump. Inhibitors showing a synergistic discount in MIC of as a minimum eight-fold 

are in addition evaluated the usage of the fraction inhibition attention (FIC) 

approach [105]. One disadvantage of focusing on efflux pumps is associated with 

the one of the physiological features they're involved in, and their blockage can lead 

to combined toxicity, in particular for EPIs derived from drug repurposing 

strategies, may  be linked. In reality, the principle problem with combinational 

therapy is associated with wanting to use EPI at higher dose, related to capability 

on and off-target side  outcomes. In this review, studies has centered in finding  

compound  or  compounds that are selectively & inhibit pumps that feature most 

effective in prokaryotic cells [106]. Given this need, several research were 

executed for identifying substrates & inhibitors of these pumps.. The mostly used 

example is Reserpine which has been proven for inhibition of multi-drug 

transporters together with Nor-A [107], which increase intra-cellular 

concentrations of fluoroquinolones antibiotics, and decrease MICs. 
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Figure 4. (A) Chemical structures of the efflux pump inhibitors (EPIs) discussed in this 

review and (B) efflux pumps expressed in Gram-positives and Gram-negatives bacteria and 

their respectively inhibitors. 

 

Same consequences were mentioned with phenothiazines, calcium channel 

blockers, selective serotonin reuptake inhibitors or omeprazole, derivatives are presently 

being evolved that lacks the pharmacological action of related compounds. The sole 

inhibitor stated thus far is MP 601 given in form of aerosols to the patients with cystic 

fibrosis [106,107] .The principle Efflux Pump Inhibitor compounds are dipeptide- 
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amides called as phenyl-alanine-arginine-β-naphthyl-amide which inhibits some and 

not every RND-efflux- pump.  It had determined to increase or repair the working  of  

numerous  antibiotics inclusive of 4-fluoroquinolones, macrolides & chloramphenicol 

towards wider range of microorganisms [108]. Such molecules shows mechanism of 

movement with the binding target transporters at the equal sites that the efflux 

pumpsuses to bind to the antibiotic drug that it's pushing out [109], also, such 

molecules andtheir derivatives are very toxic for use therapeutically [110], Other 

molecules that inhibit efflux pumps are phenothiazine derivatives and lots attempt has 

been committed to optimizing them for therapeutic use. Phenothiazines had been 

known toenhance activity of numerous class of antibiotic drugs, along with, levo-

floxacin, azithromycin, and erythro-mycin. MOA of this class of EPI is associated with 

disruption of proton gradient present on bacterial inner membrane [111]. 

Chlorpromazine additionally inhibits Salmonella Enterica, however  synergistically  

with the aid of modifying the expressions of the acr-B genes rather than at once 

inhibiting the efflux pump [112]. Quinolines had been proven to inhibit antibiotic 

efflux in isolates of multidrug-resistant microorganism. In truth, many quinoline  

derivatives  had been proven to decorate antibiotic activity through inactivating the 

efflux transporter [113]. Studies on this class of compounds have been carried out 

towards Gram  negative  bacteria  [114]. Other institution of EPI are the N-

heterocyclic compound, especially aryl-piperazine derivatives which show hobby 

against each efflux pump in the bacteria E. coli [115]. A representative chemical, 1 -(1- 

naphthylmethyl) piperazine exhibits  greater  EPI inhibiton.  Its mechanism is to 

reducedrugs resistance in bacteria E.coli. and clinical isolate of E.coli are susceptible 

to fluoroquinolone[116]. According the MOA of this elegance of EPIs, NMP is 

proposed to inhibit the efflux pump via interfering with functional group that play 

crucial roles inside the extrusion of  multiple substrates. a main disadvantage of the  

usage of arylpiperazines is their rather low efficiency, just like serotonergic agonists 

[117]. instead, antibiotic launch can be impeded with the aid of altering its shape to 

lessen efflux pump affinity. In the tetracycline and macrolide derivative lessons, new 

compounds inside the glycyl-glycine & ketolide instructions range from the discerned 

compounds in which compound have lower affinity for precise efflux pump[118]. 

Tigecycline, isn't always appreciably extruded with the aid of  each  Gram  positiveand 

Gram negative bacteria [119]. Telithromycin indicates increased potency towards 

bacteria mediated with the aid of elevated macrolide efflux [120]. It has additionally  

been  mentioned that EPI inhibits M.tuberculi efflux pump each in-vitro & in-vivo 

[121]. On such regard, latest studies through Pieroni etal, It analyzed and verified how 

compounds  that interfere with bacteria metabolisms should have an impact on drug 

activity and  could be mixed with contemporary treatment plans. 

 

2. Targeting β-lactamase Enzyme: Production of an enzyme that may inactivate 

antibiotics, it is one of resistance mechanism that bacteria use to resist the results in 

antibiotics [122]. Beta Lactam antibiotics were primary successfully developed and in 

the end modified natural antibacterial compounds and, due to their antibacterial action 

and selectivity, nevertheless represents completely essential class of antibiotics. The 

speedy spreading of resistant strains worldwide observed  the commercialization of β-

lactam resistance. In  Gram positive bacteria cells,  hydrolysis of primary 

commercially available penicillins by means of β-lactamases  turned  into the first 

stated mechanism of Beta- lactam resistance. MOA of those antibiotics involves 
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inactivation of trans-peptidases enzyme required for final step of bacteria cell-wall 

synthesis. Bacteria strains produces Beta-lactamase that disrupt the β-lactam ring, 

which results in the ineffectiveness of antibiotic drugs consisting such functional 

group. The Beta-lactam ring is main component which is important  for  antibiotic 

activity because  of its electrophilicity, by which it irreversibly acylates penicillin 

binding protein (PBP).  PBP is concerned in formation of peptidoglycan, which is 

involved in structural integrity of bacterial cellular walls. For maintaining the cell wall, 

Beta-lactamases synthesized by bacterial cells can hydrolyze β-lactam-primarily based 

antibiotic agents by using developing in-active open circuit, and extent of hydrolysis is 

decided by using of beta ab– lactamase, Produced through microorganisms. Gram 

negative bacteria release beta- lactamases in periplasmic space to avoid antibiotics 

from accomplishing their targets in cytoplasmic membrane [123], while Gram positive 

bacteria release those enzymes in extra-cellular area. Today, hundreds of Beta- 

lactamases had located within the identical MOA. They vary from each in amino acid 

sequence, resulting in various affinities for various substrate. In popular, beta- 

lactamases are further classified consistent with two strategies. First, is the Ambler 

classification, based on structural property, and the Second, is the  Bush  and  Jacoby 

type, based totally on functional properties [123,124]. Large doses of Beta- lactam 

antibiotic drugs are used therapeutically to promote synthesis of particular class of 

beta- lactamases referred to as extended range-spectrum beta-lactamase (ESBL) that 

covers maximum beta-lactams and hydrolyze the antibiotic can be, those are 

characterized especially in the family Enterobacteria[125,126]. Carbapenemase 

represents most flexible class of beta-lactamases, with a broad range-spectrum as 

compared to other beta-lactam hydrolase, lots of those enzymes recognize almost all 

hydrolysis compatible beta-lactams and maximum are resistant against inhibition via 

all commercially available beta-  lactamase inhibitors [127]. In this review, because of 

the growing variety of newly found beta-lactamases, there is need for new and effective 

beta-lactamase inhibitors as antibiotic adjuvants in antibiotic remedy [122]. Two 

techniques had been pursued to conquer beta- lactamase-mediated resistance to beta-

lactams: (i) beta-lactamase-stable ones, such as cephalosporin and carbapenem, which 

are stable to hydrolysis through beta-lactamases;(i) development of antibiotics and (ii) 

the development of selective β-lactamase inhibitors (BLI) to be used in combination 

with beta-lactam antibiotics. Choice of inhibitors may be combined with specific beta-

lactam antibiotic drugs is a complicated step thinking about several necessities. a) 

Capacity of the inhibitor for shielding the antibiotics from enzyme hydrolysis, b) Dose 

of the inhibitor for the safety; c) Stability and Feasibility  of combination. On such state 

of affairs, the invention of clavulanic-acid, a secondary metabolite from Streptomyces- 

clavuligerus, changed into an essential step in the  discipline of antibiotic discovery. 

This β-lactams can inactivate most β-lactamases and showcase greater antibacterial 

activity. This caused the improvement of the first beta- lactamase inhibitor 

combination, Augmentin (amoxicillin/clavulanic-acid) [128].Such aggregate of 

antibiotic molecule and antibiotic drugs adjuvant became a massive business 

fulfillment, followed through other aggregates. 
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Figure 5: Chemical structures of β-lactamases inhibitors discussed in this review. 

 

After discovery of clavulanic-acid, a med-chemistry research had launched aiming for 

synthesizing several penicillanate-sulfones with beta-lactamase inhibition activity. Of 

these, sulbactam and tazobactam have been successfully marketed. [131] 

 

3. Attacking the Outer Membrane: Therapeutic antibiotics exert their antibacterial 

outcomes via attacking appropriate targets in the cells. To do that, antibiotic requires 

for  crossing the bacteria  membrane to reach their objectives to resist antibiotic 

penetration, Gram negative bacteria are covered by presence of other layer of defense, 

outer membrane [132] also, the Gram negative outer membrane, composed in 

particular of poly-anionic-lipopolysaccharides and porins, limits the entry of foreign 

particles including antibiotics structure. As a result, a few antibiotics are much less 

powerful in treatment of Gram negative infection due to the complex cell wall 

structure. Also, the complicated structure & composition of the cell membrane wall 

strongly have an impact on bacterial susceptibility to antibiotics. Consequently, it isn't 

surprising that maximum of the emerging resistant traces commonly accumulate 

protein mutation on the outer- membrane level to conquer the effects of a few 

antibiotics. To penetrate the bacterial wall, the antibiotic uses two unique techniques 

depending  on  chemical  nature  of small molecules. Hydro-phobic compounds 

(consisting of rifampicin and macrolides) passes lipid bilayers through passive 

transport mechanism. b. Hydrophilic molecules (fluoroquinolones, beta-lactams, etc.) 

diffuses through active  transport  mechanism and take advantage of their ability to 

have interaction with specific porins[132,133].The  outer  cell  membrane  of  bacteria  

is  potential  target  which may address bacterial species resistance, and better 

expertise of its structure will enable us to design new training of antibiotics with 

specific MOAs. [135]. Use of antibiotic drug adjuvants to elevate membrane 

permeability (e.g. permeabilizing agents) have tested to be an terrific strategy for 

enhancing antibiotic penetration by destabilizing the membrane wall via interacting 

with , or via doing away with cations in outer layer. Resulting, theouter membrane is 

extra permeable to xenobiotics. Eg. of outer cell membrane permeabilizer are 

polymyxin consisting of  polymyxin-B,  colistin, aminoglycosides, cationic peptides, 

or polyamines [136,137]. 
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Figure 6: Chemical structures of membrane permeabilizers discussed in this review. 

 

4. Targeting ofAnti-virulence factors: While identification of new antibiotics drugs active 

towards drug-resistant strains, it’s motive is to consider alternative cellular pathway as 

sources of target for development of latest anti-microbial adjuvant classes is conventional, 

which presents an interesting opportunity to technique the Antibiotics regularly because of 

latent and chronic infections which can be very tough to deal with. At some stage in host , 

pathogens are exposed to extraordinarily hostile environments and require considerable  

reconsidering of bacterial metabolic function to survive unfavourable condition, so , 

concentrated on main metabolic capabilities related to pathogen survival beneath such 

conditions may also cause higher antibiotic therapy and increase susceptibility to standard 

antibiotics. On this note, a first-rate element within the deterioration of affected person 

health, all through bacterial infections is the virulence of the bacteria. In the closing 

decade, new procedures aimed at preventing bacterial virulence or virulence have 

emerged, not like traditional antibiotics, which kill bacteria or prevent them from 

developing, antiviral drug act on precise target are called virulence factors. Virulence 

factors is simply expressed in bacteria at some point of infection, even though they're not 

essential for simple bacteria cell cycle, and essential for process of pathogenesis, and 

pharmacological-inactivation renders bacteria will not able to purpose pathological 

infection inside the host. In this manner, the immune system of host is capable of working 

more quickly and easily against less virulent [152] pathogens, furthermore, considering 

the fact that anti-pathogenic inhibitors  do  not goal for pathogen life cycle, selection stress 

for resistant mutants is considered less applicable in this context [153]. Examples of 

nonessential target-rich pathways encompass the pathway of sulfur assimilation, quorum 

sensing, and biofilms destruction [154,155,156,157]. 
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VIII. CONCLUSION 

 

 The environment has functioned in development & spread of resistance. Antibiotic 

resistance is at high peak in all parts of the world. In spite of measures to be taken by some 

authorities of World health organization (WHO), Uses of antibiotics in humans, animals, 

and agriculture is increasing. The high monetary load in the clinical department has 

become a rising problem due to prolonged hospital stays, separated wards, inflexible 

infection control measures & care failures. The public health officers should run proper 

vigilance system coordinated at international levels. Running investigation and necessary 

reporting system for antibiotic resistance. Both domestic and global policies are required 

to be traditional and adhered to block the misuse of antibiotics and improvise the 

techniques to detect resistant strains of microorganisms and develop newer classes of 

antibiotics, which are highly therapeutic against  resistant species. 
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