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Introduction 
 

Antimicrobial, including Antifungals, Antivirals, Anti-

parasites, and antibiotics. Antimicrobial resistance 

(AMR) is the state in which bacteria, viruses, fungi, and 

parasites exhibit resistance to antimicrobial agents and 

cease to respond to antibiotics. AMR is a naturally 

occurring process brought on by a mutation in 

microorganisms. Multi-drug resistant bacteria are ones 

that exhibit resistance to multiple antibiotics. Numerous 

microorganisms are becoming resistant to multiple drugs. 

One of the most important topics for global public health 

and development is AMR. AMR increases the danger of 

infection and increases the difficulty of treating various 

medical procedures like chemotherapy, cesarean 

sections, and surgery. AMR not only results in patient 

deaths but also hinders national economic development. 

The primary causes of AMR are antibiotic overuse and 

misuse. AMR was listed as one of the top 10 risks to 

global health by the WHO. There were 1.27 million 

deaths in 2019 from AMR; by 2050, there may be up to 

10 million deaths yearly. Super-bugs are a subset of 

microorganisms that are resistant to multiple antibiotics. 

MRSA, Clostridium difficile, and MDR-TB, for instance. 
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In this review, the growing concern towards life threatening antimicrobial resistance 

development in microorganisms is overviewed. There are several different types of 

antimicrobial medicines, including antibiotics, antivirals, antifungals, and antiparasitics. 

Antibiotics are medicines used to prevent and treat infectious diseases in humans and 

animals, as well as plants. The development of drug resistance can lead to an ineffective 

treatment of infections, resulting in disease spread, significant illness, disability, and death. 

We face an increasing threat from drug-resistant pathogens that can't be treated and threaten 

the ability to perform life-saving interventions, like cancer chemotherapy and caesarean 

sections, hip replacements, and organ transplants. As a result of the global rise in antibiotic 

resistance, common antibiotics are becoming ineffective in treating widespread bacterial 

infections. There can be complications associated with treating fungal infections, including 

interactions between drugs for patients suffering from other illnesses. For all these, we are 

in a position to use several antibiotics. In this review, a brief outline of the history of 

antimicrobial resistance, mechanisms of resistance development, types of antibiotics, 

current challenges and emergence of antibiotic resistant microorganisms are summarized. 
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Even with a prolonged course of treatment, superbug 

infections can be dangerous and difficult to cure. It's 

possible for new bacterial strains to appear that are 

resistant to common antibiotics. According to the 2022 

Glass study, 35% of MRSA and 42% of 3-generation 

cephalosporin-resistant E. coli were found in 76 countries 

(https://www.who.int). 

 

The globe is suffering from antibiotic-resistant 

microorganisms due to a lack of appropriate and efficient 

antibiotics. AMR-resistant novel antibiotics have not 

been properly discovered. Multi-drug resistance is 

developing quickly, according to the CDC, and the 

World Health Assembly has asked WHO to create a 

worldwide action plan on MDR in order to combat 

antimicrobial resistance (AMR). It takes a real symphony 

to control infections brought on by bacteria that are 

resistant to drugs. Antibiotic adjuvants, also known as 

novel antibiotics, are a tactic used to protect our current 

medications by improving their functionality and 

reducing or preventing resistance. 

 

History of AMR 
 

About 2,500 year ago ancient Chinese discovered the 

therapeutic properties of mouldy soybean which used to 

cure pimples and other infection. Ancient Egyptians and 

ancient Greeks also used mould and plants to treat 

infections which produce antibiotic substances. In history 

first antimicrobial drug discovered in late 1890s by two 

German researchers namely, Rudolph emmerich/oscar 

low pyocyanase extracted from the cultivation of 

Pseudomonas aeruginosa and this derived compound 

safety used against cholera and typhus. This leads to new 

evolution in antimicrobial agent. Bayers research team 

and Gerhard domagk discovered that sulphonamide and 

prothosyl is effective against bacterial infection.  

 

Penicillin was first discovered antibiotic by Alexender 

Fleming in 1928. In the end of the 1940s, 1950s 

streptomycin and tetracycline discovered. In 1988 

vancomycin resistant Enterococcus was isolated. Oxford 

biochemists Edward Abraham and Chain observed that 

an enzyme isolated from penicillin insensitive E. coli 

breakdown penicillin. MilislavDemerec demonstrated 

that antibacterial resistance developed spontaneously in 

bacterial cultures as function of random genetic mutation. 

1960 discovered that staphylococci started to resistant 

methicillin (Kourkouta et al., 2018). 

 

Streptomycin was first anti tuberculosis drug discovered. 

In 1957, three drug companies mentioned that isoniazid 

compound was able to kill Mycobacterium tuberculosis 

but later TB started to resistant both compounds. In 2012 

4% of new TB resist to isoniazid and rifampicin 

important drugs to treat TB infection. In 1987 zidovudine 

or AZT was approved to treat HIV infection. Treatment 

with AZT provided brief respite in the HIV epidemic 

however TB start to resist AZT but soon later triple drug 

therapy was discovered and started to use this method 

after1995 to treat HIV infection (Hunt and Kates, 2024). 

Penicillin-resistant staphylococci first appeared in the 

1940s, not long after penicillin was first used widely in 

clinical settings. As streptomycin was discovered in 

1950s and 1960s, bacteria resistant to tetracycline and 

chloramphenicol began to emerge. Known as the "Goden 

Age" because so many antibiotics have been developed 

and brought to the market during 1960-1980. 

Nevertheless, germs began to mutate and became 

resistant to drugs. Methicillin-resistant Staphylococcus 

was identified in 1961, and ESBL-producing bacteria 

were found in 1980s and 1990s. Superbugs, or CRE 

bacteria, are almost immune to every antibiotic on the 

market. 1980 saw the development of multi drug-

resistant tuberculosis (MDR-TB) Mycobacterium. 

Hospitals began to see an increase in Voncomycin 

Resistant Enterococcus (VRE) in the 1990s. 

 

Mechanisms of Antimicrobial Resistance 
 

Natural Resistance 
 

There are two different kinds of resistance: acquired 

resistance and natural resistance. Although natural 

resistance in bacteria may be innate or generated, it is 

only manifested to a high degree with exposure to 

antibiotics. The most frequent bacterial processes 

implicated in intrinsic are decreased outer membrane 

permeability, particularly for lipoprotein (LPS). Gram-

negative bacteria naturally produce LPS using efflux 

pumps. 

 

Acquired Resistance 
 

The ability of a microorganism (such as bacteria, viruses, 

or fungi) to become resistant to a medication or 

antimicrobial agent that was once successful against it is 

known as "acquired resistance." This resistance is 

acquired through genetic alterations, such as mutations, 

or the acquisition of resistance genes from other 

organisms, frequently via methods like horizontal gene 

transfer. It is not an innate trait. 

https://www.who.int/
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Antimicrobial resistance mechanisms fall into four main 

categories: drug uptake limitation, drug target change, 

drug inactivation, and active drug efflux. One such 

strategy is to restrict drug absorption, inactivation, and 

efflux, as well as acquired resistance mechanisms. It is 

possible to employ drug efflux, drug inactivation, and 

drug target modification. Different mechanisms are used 

by Gram positive and Gram negative bacteria because of 

structural differences. Gram negative bacteria have 

mechanisms that inhibit drug uptake, but gram positive 

bacteria do not have an LPS outer membrane. 

Additionally, they are incapable of going through various 

drug efflux processes or resistance mechanisms (C 

Reygaert, 2018). 

 

Efflux Pumps 
 

These pumps can be used to make super-bugs more 

susceptible to current medications or to raise the 

intracellular concentration of antimicrobial chemicals 

that are being effluxed out. It can be accomplished in 

three ways: by improving and changing the structure of 

antimicrobial to reduce their efflux; by reducing the 

effectiveness of the membrane barrier to allow a greater 

amount of antimicrobial to enter the cell; and, last by 

allosterically changing or preventing the activity of the 

efflux pump (Kabra et al., 2019). Bacteria produce 

protein that protects the target site from the action of the 

antibiotic. This can happen by preventing the medicine 

from reaching the target instead of changing it. For 

instance the E. coli produced qnr protein shields 

topoisomerase IV and gyrase against qniolone antibiotic. 

An intrinsic resistance to antimicrobial agents is provided 

by the structure of biofilms and the physiological 

characteristics of biofilm organisms. Mechanisms that 

cause biofilms to become resistant to antibiotics include 

slowed antimicrobial agent penetration through the 

biofilm matrix and changed biofilm growth rate (Donlan 

and Costerton, 2002). In order to avoid the target enzyme 

of the drug, bacteria develop substitute metabolic 

pathways. For instance, methicillin-resistant 

Staphylococcus aureus synthesizes PBP 2a, an 

alternative penicillin binding protein with a low affinity 

for β-lactam antibiotics, which enables the bacteria to 

continue synthesizing cell walls while the drugs are 

present. 

 

Reasons for Antimicrobial Resistance 
 

Antibiotic resistance is mostly caused by overuse and 

misuse of antibiotics, which people mistakenly take to 

treat conditions like influenza that are caused by viruses. 

However, medicines are only effective against bacteria. 

Since bacteria are prone to mutation, overusing 

antibiotics will alter and trigger mutations in the bacteria, 

which will result in the advancement of new antibiotic 

strains. An improper or incorrect antibiotic may 

occasionally be prescribed by a doctor for therapy. 

According to study outcome was 30 to 60% of antibiotic 

prescriptions in intensive care units are unwanted, 

improper, or not effective (Luyt et al., 2014). 

 

Concern should also be expressed about the widespread 

use of antibiotics in the chicken and food animal 

production industries. Utilizing antibiotics in agriculture 

has additional impacts In India, the food and animal 

production industry use a lot of antibiotics to ensure that 

livestock are generally healthy and produce huge 

quantities of enhanced-quality products. However, this 

use of antibiotics in agriculture also has an outcome on 

the environment microbiota (Devanshi and Lakshmi, 

2020). In healthcare settings, poor cleanliness and 

infection controltechniques can lead to the spread of 

resistant microorganisms. Patients in hospitals may 

develop resistant illnesses, especially in settings where 

the use of antibiotics is common. Patients typically 

discontinue their antibiotics before finishing the entire 

course once they feel better, which allows certain germs 

to persist and become resistant. New antibiotic 

development has slow down, according to the 

pharmaceutical sector. This can be attributed in part to 

the economic model that makes creating antibiotics less 

viable than creating other medications, as well as the 

regulatory obstacles involved in introducing novel 

antibiotics to the market. 

 

Ways to Prevent AMR 
 

Antibiotics should not be used to treat viral infections 

since they are only effective against bacterial infections. 

Another cause of AMR is self-meditation. The general 

populace was not properly aware about AMRS or how to 

utilize antibiotics (Devanshi and Lakshmi, 2020). Only 

190 of the respondents understand that antibiotics are 

exclusively effective against bacteria, and that 60% of 

people practice self-medication. Additionally, 79% of 

respondents stop taking antibiotics when they feel better 

rather than finishing the recommended course of 

treatment. According to this survey, the general public is 

not properly aware of antibiotics. Therefore, there are 

ways to educate the public about AMR health initiatives 

in the medical field. 
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Patients undergoing treatments including chemotherapy, 

hip replacements, organ transplants, and critical care are 

at a higher risk of morbidity and mortality due to 

infections brought on by multi drug resistance. High rates 

of antibiotic resistance in infections among cancer 

patients receiving chemotherapy were reported by the 

University of Texas in a 2014 publication. The economic 

impact of antibiotic resistance treatment costs may 

increase due to the need to switch from first-line to third-

line medications, which is more costly, when treating 

infections caused by multi-drug-resistant strains like 

methicillin-resistant Staphylococcus aureus, which cause 

60%–70% of infections in neonatal intensive care 

patients (Prestinaci et al., 2015). Reduced use of 

antibiotics results in decreased resistance. By selectively 

prescribing antibiotics to patients who are anticipated to 

benefit from the treatment, it also helps to encourage the 

sensible use of antibiotics and verifying the correct 

dosage and duration of treatment can reduce the 

development of resistance (Llor and Bjerrum, 2014). 

Coordinated initiatives known as Ams work to lower 

microbial resistance, enhance patient outcomes, and 

encourage the responsible use of antibiotics. The 

definition of antimicrobial stewardship is a methodical, 

logical strategy to using antimicrobial agents to get the 

best results. This entails treating or preventing infection 

with the least amount of toxicity and resistance-building 

over time by employing the right agent at the right dose. 

Choosing the right medication and maximizing its dosage 

and duration to treat an infection while reducing toxicity 

and creating an environment that favors the emergence of 

resistant bacterial strains is known as good antimicrobial 

stewardship (Dyar et al., 2017). 

 

Antimicrobial Agent 
 

Antimicrobials are medicinal compounds that are 

employed in the treatment or prevention of infections. 

Among these are antiseptics, antibiotics, antivirals, 

antifungals, and antiparasitics. Antimicrobials have the 

ability to eliminate or stop germs from growth by 

concentrating on important cellular metabolism 

processes, namely the production of biological 

macromolecules, the functioning of cellular enzymes, or 

cellular components like the cell wall (Di Martino, 2022). 

Antimicrobial agents used on living humans, animals, 

and plants to either kill (bactericidal) or stop the growth 

(bacteriostatic) of pathogenic germs are referred to as 

antiseptics. In the practice of medicine, antiseptics are 

used to sterilize equipment and contaminated materials as 

well as to prevent or treat bacterial infections of surface 

tissues. Thus, materials used to eliminate bacteria from 

inanimate surfaces, such as walls, floors, and surgical 

instruments, are referred to as disinfectants. All three 

subdivisions of chemicals such as antiseptics, 

disinfectants, and antibiotics are germicides or agents 

that destroy germs. 

 

The most common antiseptics are alcohols, particularly 

ethyl and isopropyl alcohol, which are often used 

combined with water to a 70% concentration. Bisphenols 

are frequently utilized in soap as an antiseptic. The most 

often used and efficient agents are iodine and chloride as 

well. Drinking water supplies are disinfected using 

chlorine. A solution of hydrochloride used in surgery. 

Compared to antiseptics, quaternary ammonium 

compounds are more frequently utilized as disinfectants. 

Brass and bronze, which are composed of copper and 

zinc respectively, and copper and other metals (usually 

tin, aluminum, nickel, and metalloids like silicon), are 

two commonly used copper alloys. this Copper alloys 

exhibit antibacterial properties as well (Salah et al., 

2021). 

 

Antibiotics 
 

A class of medications known as antibiotics is used to 

treat bacterial illnesses by either eradicating the bacteria 

or stopping their growth. They are frequently grouped 

according to their mode of action, range of activity, or 

chemical structure. 

 

Types of Antibiotic 
 

✓ Penicillin and amoxicillin (inhibit cell wall 

synthesis) 

✓ Ceftriaxone and cefaleix (inhibit cell wall synthesis) 

✓ Azithromycin and erythromycin (inhibit by bacterial 

protein)  

✓ Ciprofloxacin and levofloxacin (inhibit 

bacterialDNAgyrase, enzymes, topoisomerase) 

✓ Gentamicin and tobramycin (inhibit bacterial 

protein synthesis by binding to 30s ribosomal 

subunit) 

✓ Vancomycin and teicoplanin (inhibit cellwall 

synthesis by D-alanyl-D-alanine terminus of 

cellwall precursor units) 

✓ Doxycline and tetracycline(inhibit by protein 

synthesis) 

✓ Colistin (polymyxin E) and polymyrixB (disrupt the 

bacterial cell membrane by interacting with 

phospholipids). 
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AMR in India 
 

India is one country where AMR is widespread, along 

with bacterial diseases. An estimated 410,000 children 

under the age of five died in India from pneumonia, one 

of the deadliest bacterial illnesses. An important problem 

in India is AMR. Infections produced by drug-resistant 

bacteria kill 417 persons per 10,000. Based on national 

AMR data, about 29% of Staphylococcus aureus isolates 

in 2008 were resistant to methicillin (MRSA).  

 

Notwithstanding India's strong prevention and control 

efforts, which failed to halt the spread of microbes 

resistant to several drugs, that number had increased to 

47% by 2014. The study found that 31–51% of Klebsiella 

and 65% of Pseudomonas were resistant to carbapenem 

and ceftazidime, respectively. Indian network for 

surveillance of antimicrobial resistance (INSAR) 

reported that MRSA also shows high resistant to 

ciprofloxacin, gentamicin, cotrimoxazole, erythromycin 

and clindamycin. Salmonella typhi from tertinary car 

hospital in Delhi resistant to nalidixic acid, ciprofloxacin, 

azithromycin.  

 

A recent study shows that most isolates Vibrio cholerae 

start to exhibit resistant to common antibiotic such as 

tetracycline, ampicillin, furazolidone. The use of 

antibiotics and other pharmaceutical active compounds in 

fisheries was outlawed by the FSSAI. Launched under 

the National Center for Disease Control (NCDC), the 

National Programme on the Containment of 

Antimicrobial Resistance was launched on the 12th.  

 

The program's five-year plan (2012–2017) goal was to 

set up a lobbying-based AMR surveillance system with 

thirty network laboratories. Implement the NAP-AMR 

initiative from 2017 to 2021 in order to address the AMR 

public health concern in India 

(https://ncdc.mohfw.gov.in). In order to encourage the 

prudent use of antibiotics, the Tamil Nadu government 

launched antimicrobial stewardship initiatives in hospital 

settings. These initiatives are designed to make sure that 

antibiotics are only provided when absolutely necessary 

and at the right dosages. The Tamil Nadu government 

teamed up with national organizations like NAP to offer 

a methodical approach to addressing the problem. The 

Tennessee government funds projects aimed at creating 

novel antibiotics. 

Current challenges in AMR 
 

Hospitals are often the sites of infections caused by 

antibiotic-resistant organisms since a high concentration 

of overly vulnerablepatients there, as well as a significant 

usage of medications and invasive treatments. Data 

indicate that sepsis and pneumonia, two prevalent 

illnesses caused by antibacterial-resistant pathogens, may 

have killed as many as 50,000 Americans in 2006 alone 

(Rather et al., 2017). Educating the public about 

antibiotic abuse and antimicrobial resistance are the two 

largest challenges facing the health sector. One of the 

primary causes of antibiotic resistance is self-medication 

brought on by ignorance. The issue of antibiotic 

resistance not only impacts the healthcare sector but also 

has the potential to hinder a nation's economic progress. 

One of the biggest threats to humans is antibiotic 

resistance in pathogenic bacteria, particularly in six 

pathogens (Enterococcus faecium, Staphylococcus 

aureus, Acinetobacter baumannii, Pseudomonas 

aeruginosa, and Enterobacter species). Superbugs are 

bacteria that have a high rate of morbidity and mortality 

that have increased as a result of mutations that have 

made them resistant to several antibiotic classes (Aslam 

et al., 2018). 

 

Treatment of even routine diseases is becoming 

increasingly challenging due to the resistance of 

pathogenic organisms to multiple antimicrobial 

medicines. It is almost hard to treat for certain patients. 

After the discovery of penicillin, pneumonia was easily 

curable; but, these days, third-line medicines are 

typically needed. Previously a frequent bacterial illness 

in women, cystitis was easily treated with oral 

medications; however, modern antibiotics are required to 

treat it (Prestinaci et al., 2015). Insufficient infection 

control procedures in clinics and hospitals contribute to 

the dissemination of resistant microorganisms. Because 

of hospital-acquired illnesses, inadequate sanitation, 

hygienic practices, and sterilizing protocols are not 

followed. Many of these infections are multi-drug 

resistant. The absence of novel antibacterial agents was 

the other significant obstacle. Pharmaceutical 

corporations frequently discover that developing and 

discovering antibiotics is less profitable than producing 

medications to treat diseases; as a result, they invest less 

in the search for novel antimicrobial medicines. 

https://ncdc.mohfw.gov.in)./
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Table.1 Antimicrobial resistant pattern in microbial isolates. 
 

Samples Isolated microrganisms Antibiotic resistant pattern References 

Pig fecal sample, 

carcass swab 

Salmonella Tetracycline, streptomycin, 

sulfameth Oxazole, kanamycin 

(Gebreyes et al., 

2006) 

Children suffered 

suspected for 

meningitis or sepsis 

Salmonella typhimurium, 

salmonella enterica, Salmonella 

enteritidis 

Amoxicillin, co-trioxazole (Kariuki et al., 

2006) 

Fresh fecal sample 

from human, cattle, 

pigs , sheep, chickens 

 

E. coli Tetracycline, cotrimoxazole (Odugbemia, 2007) 

Urine E. coli Ampicillin and nitrofurantoin (Jan et al., 2009) 

Cattle and sample 

collected from other 

farm enviroment 

E. coli Tetracycline, sulphonamides, 

streptomycin, neomycin  

(Maboni et al., 

2020) 

Fecal sample from 

sheep, goats,pigs, cattle 

Enterococci andE. coli Gentamycin, erythromycin, 

tetracycline and E. colishows 

resistant to ampicillin, 

erythromycin, tetracycline 

(Byarugaba et al., 

2011) 

Isolated from ICU 

patients at UMMC 

Acetobacter baumannii Ampicillin, amoxicillin, 

piperacillin, ceftazidime, 

imipenem, trimethoprim, 

cefoperazone 

(Kong BoonHong et 

al., 2011) 

Urine, blood, burn 

swab, throat swab, bed 

sore swab, drains and 

catheter, stool, pus, 

body fluid, abcess 

wound discharge 

Enteroccocus faecalis, 

Enterococcus faecium, 

Enterococcus avium, 

Enterococcus hirae, 

Enterococcus casselifflavus, 

Enterococcus gallinarum 

Tetracycline, erythromycin, 

ciprofloxacin, chloramphenicol, 

gentamycin, kanamycin, 

amikacin 

(Salem-Bekhit et 

al., 2012) 

Urine sample with uti 

infection 

E. coli Trimethoprim-sulfamethoxazole 

and fluroqinolones 

(Fromer et al., 

2024) 

Fecal specimen was 

collected from 5 

geopolitical zones of 

different countries 

Escherichia coli Ampicillin, streptomycin, 

nitrofuranin, chloramphenicol, 

ceffirome, nalidixic acid, 

gentamycin 

(Nsofor, 2013) 

Brolier slaughter plant Kebsiellasp. 3β-lactam antibiotics (Wu et al., 2016) 

Raw pooled udder 

milk, tank milk, pooled 

hand swabs, abattoir 

carcass swabs, swab 

from slaughter line, 

sample also collected 

from cow neck, fore 

legs, abdomen and 

hind legs 

Staphylococcus aureus, 

staphylococcus intermidius, 

staphylococcus hyicus 

Nalidixic acid, cloxacillin, 

penicillin 

(Beyene et al., 

2017) 

Blood sample 64 bacterial isolated most 

abdunantmicorganisms 

areKelbsiella pneumoniae, 

Gentamycin, clindamycin, 

prnicillin, ampicillin, 

methicillin,β-lactamantibiotics 

(Bitew, 2018) 
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Citrobacter, Serratia 

marcescens 

Blood culture Coagulase negative 

staphylococci 

Benzyl penicillin, oxacillin, 

gentamicin, ciprofloxacin, 

moxifloxacin, nofloxacin, 

erythromycin, clindamycin, 

vancomycin 

(Pedroso et al., 

2018) 

Surgical wound, rectal 

swabs, urine, 

abdominal drainage 

Klebseilla pneumoniae Amikacin (Zaman et al., 2018) 

Wound swab, urine, 

sputum, stool 

Escherichia coli, 

Staphylococcus aureus, 

Citrobacterfreundii, 

Citrobacterkoseri, 

Klebseillaoxytoca, Klebsiella 

pneumoniae, Enterobacter 

aerogenes, Yersinia enterolitica 

Ceftriaxone, ceftazidime. E. coli 

and staphylococcus shows 

resistant to amickacin, 

sulfamethoxazole-trimethoprim, 

piperacillin, ciprofloxacin 

(Gashe et al., 2018) 

760 specimen collected 

such as urine, pus, 

sputum, blood 

Staphylococcus, E. coli, 

Streptococcus, Enterobacter, 

Proteus, Pseudomonas 

aeruginosa 

Erythromycin, ceftazidime, 

amoxicillin 

(Masyeni et al., 

2018) 

Nares and throats 

swab 

Staphylococcus aureus Penicillin, oxacillin (Kadariya et al., 

2019) 

Dog with deep 

pyoderma 

Staphylococcus 

pseudintermedius 

Macrolides, fluroinolones,β-

lactams antibiotic 

(Meroni et al., 

2019) 

Urine Staphylococcus aureus, 

Enterococcus faecalis, 

Acinetobacteranitratus, Proteus 

mirabilis, Enterobacter 

aerogenes, Citobacterfreundii 

Ampicillin, ofoxacin, 

vancomycin 

(Shrestha et al., 

2019) 

863 clinical 

samples(sputum) 

MDR-TB Rifampicin, isoniazid, 

pyraxinamide, ethabutol, 

streptomycin 

(Hameed et al., 

2019) 

Pus, sputum, blood, 

vaginal swab, body 

fluids, urine 

Staphylococcus aureus Penicillin, erythromycin, 

clindamycin, ciproloxacin 

(Jayatilleke and 

Bandara, 2012) 

Pus swab Staphylococcus aureus, E. coli, 

Pseudomonas aeruginosa, 

Klebsiella pneumonia, Proteus 

mirabilis, Citrobacterfreundii, 

Citrobacterkoserii, 

Serratiamarcecens, Klebsiella 

oxytoca 

Among 81 staphylococcus 

aureus 52% resistant to 

cotrimazole, 76% to ampicillin, 

69% erythromycin. In 37 E. coli 

isolates 34% resistant to 

amoxycilin, 33% to piperacillin 

and other microrganisms shows 

resistant to ceftriaxone, 

amikacin,ofloxacin 

(Giri et al., 2019) 

Tracheal aspirate 

culture, ear discharge, 

urine culture, blood, 

body fluid, pus swab 

Klebiella pneumoniae, E. coli, 

E.clocae, Citrobacter freudii 

Amipicillin, tetracycline, 

trimethoprim-sulfamethoxazole, 

piperacillin 

(Beyene et al., 

2019) 

Throat swab collected Streptococcus sanguis Bacitracin antibiotics, (Huang et al., 2020) 
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from child who have 

scarlet fever 

aminoglycosides, tetracycline 

Blood Coagulase 

negativeStaphylococcus 

Methicillin (Asai et al., 2021) 

Formed and semi 

formed stool 

Clostridium difficile, 

Enterococcus faecium, 

Enterococcus faecalis, 

Enterococcus avium, 

Enterococcus raffinosus, Hafnia 

alvei, Enterococcus cloacae, 

Klebseilla aerogenes, 

Shewaneilaxiamenensis 

Vancomycin, carbapenems (Tickler et al., 2020) 

Blood, cervical, HVS, 

pleural, semen, stool, 

throat swab, urine, 

wound 

Candida, E. coli, Enterococcus, 

Micrococcus, Citrobacter, 

Klebsiella, Streptococcus 

epidermis, Pseudomonas 

cloxacillin (Anning et al., 

2022) 

Healthy turkeys and 

diseases turkeys 

E. coliand Salmonella Erythromycin, ciprofloxacin, 

meropenem, tetracycline 

(Tawyabur et al., 

2020) 

Dogs, horses, cats, 

cattle, birds, fish, 

amphicians, goats, 

pigs, river otter, 

reptiles 

Acinetobacter baumannii, 

Acinetobacter lwoffiresis 

Rifampicin, cephalosporins, 

chloramphenicol, nitrofurans, 

Actinetobacterlwoffiresis 

resistant to macrolides, 

nitrofurans, penicillin 

(Maboni et al., 

2020) 

Collected from 

medical, surgical and 

intensive care 

departments 

E. coli, Staphylococcus aureus, 

Klebseilla pneumoniae, 

Acinetobacter, Pseudomonas, 

Enterobacter 

Carbapenem, methicillin (Kaniyarakkal et al., 

2021) 

3420 canine urine 

samples  

E. coli, Staphylococcus, 

Enterococcus, Pseudomonas, 

Streptococcus, Proteus, 

Klebsiella 

Fosfomycin, cefuroxime (Guzmán Ramos et 

al., 2021) 

Retail meat E. coli Ampicillin, dicloxacilin, 

penicillin, oxacilin 

(Martínez-Vázquez 

et al., 2021) 

CSF, urine, ear pus, 

wound pus, blood, stool 

Staphylococcus aureus, 

Pseudomonas mirabilis, 

Pseudomonas aeruginosa, 

Klebisella, Vibrio cholerae, 

Salmonella typhi, 

Staphylococcus saprophyticus, 

Streptococcus 

Cefoxitin, erythromycin, 

ampicillin, tetracycline, 

gentamicin, ciprofloxacin 

(Mnyambwa et al., 

2021) 

Urine E. colicauses UTI infection 

database collected over 12 year 

(01 Jan2007-31 Dec2019)except 

Nov 2013-Jan2015 

Cephalexin, norfloxacin, 

trimethoprim, ampicillin, 

amoxicillin 

(Keighley et al., 

2022) 

Poultry food products 

sources 

E. coli, Salmonella, 

Staphylococcus, 

Camphylobacter 

Penicillin, ampicillin, 

amoxicillin, 

oxytetracycline,cloxacillin, 

sulfamethozole -trimethoprim, 

salmonella resistant shows 

penicillin, staphylococcus shows 

(Rafiq et al., 2022) 
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resistant to cloxacillin, 

Streptomycin 

Womens urine sample Escherichia coli Fluroquinolones, ciprofloxacin, 

norfloxacin  

(Tano et al., 2022) 

108,262 urine sample Escherichia coli  (Keighley et al., 

2022) 

stool Shigella boydii, Shigella sonnei, 

Shigella dysenteriae, Shigella 

flexneri 

Ampicillin, piperacillin-

tazobactam, cefixime, 

trimethoprim, sulfamerhoxazole, 

cefotaxime 

(Shoja et al., 2023) 

RTE red meat product 

collected from 

butcheries, hotels, 

vendors etc 

Escherichia coli Streptomycin, ampicillin, co-

trmiozazole, tetracycline, 

ciprofloxacin, nalidixic acid 

(Ronald et al., 2023) 

Cloacal swabs from 

laying hens 

E. coli Tetracycline, ampicillin (Mudenda et al., 

2023) 

UTI infected urine 

sample 

Pseudomonas aeruginosa Tetracycline efflux MFS 

transporter Tet(A), sulfonamide-

resistant dihydropteroate 

synthase sul1, TetR(A) this all 

gene present in analysis 

(Valeeva et al., 

2023) 

Blood, pus, stool, urine, 

eye swab, CSF, genital 

swab, ear discharge 

Klebiella, S.aureus, 

S.pneumoniae, Salonella, 

N.gonorrhea 

Tetracycline, cotrimoxazole, 

Ampicillin 

(Alemayehu et al., 

2019) 

Human biospy, 

sputum, blood and 

sample were collected 

from animals such as 

cattle,goat, abcess, 

metritis, otitis 

Truperallapyogens Streptomycin, sulfamethoxazole, 

tetracycline, erythromycin 

(Marchionatti et al., 

2024) 

Urine sample from 

pregnant womens who 

have UTI infection 

E. coli, Klebsiella pneumoniae, 

Pseudomonas aeruginosa, 

Proteus mirabilis, Enterococcus 

faecalis, Staphylococcus 

Ampicillin (Al Kadri et al., 

2024) 

Wound/pus, urine, ear 

swabs 

Staphylococcus aureus Oxacillin, erythromycin, 

ertapenem, cefoxitin, 

vancomycin 

(Agbo et al., 2024) 

Database from 

pubmed, global health 

database, EMBASE for 

samples such as urine, 

stool, urethral, rectal, 

cervical, pharyngeal 

swab, cerbrospinal 

fluid and others 

Klebsiella pneumoniae, E. coli, 

Pseudomonas aureus, 

Staphylococcus aureus, 

Acinetobacter baumannii, 

Streptococcus pneumoniae, 

Neisseria gonorrhoeae, 

Streptococcus enterica, 

Neisseria meningitides 

Ceftazidime, carbapenems, 

piperacillin, 

fluroquinolones,colistin, 

methicillin, vancomycin, 

penicillinG, erythromycin 

(Gach et al., 2024) 

 

The future of the fight against antimicrobial resistance 

(AMR) centers on the creation of novel antibiotics and 

therapeutic alternatives, the enhancement of quick 

diagnostic instruments, and the strengthening of 

antimicrobial stewardship initiatives to guarantee the 

prudent use of currently available medications. 

Additionally, there will be international cooperation, 

more strict regulation, and incentives for R&D. 



Int.J.Curr.Microbiol.App.Sci (2025) 14(01): 252-265 

261 

 

Furthermore, delaying the emergence of resistance and 

preserving viable therapies for the future would require 

incorporating environmental and societal factors, such as 

Minimizing antibiotic pollution and increasing public 

awareness. Enforcing strong national plan on AMR with 

proper guidelines on antibiotic usage and IPC measures 

(Dixit et al., 2019). 

 

Role of vaccine in AMR 
 

There is a lot of well established tool to reduce 

antimicrobial resistant such as sanitation and proper 

hygienic practices, funding to discovery new antibiotics, 

antibiotic stewardship, containing awareness programs 

regarding antibiotic among that one of effective measures 

was vaccination. Antibiotic use can be decreased by 

vaccination. Immunizations against bacterial infections 

including pneumococcus, hemophilus influenza type B 

(Hib b), and typhoid will all result in a decrease in the 

need for antibiotics.  

 

Through the phenomena of herd immunity, vaccination 

can protect individuals by reducing the spread of 

illnesses within the population. A vaccination will lessen 

or prevent bacterial infection because viral infections, 

like influenza, are the primary cause of secondary 

bacterial infections. Certain vaccines are made expressly 

to target resistant bacterial strains. For instance, 

stereotype of Streptococcus pneumonia that are known to 

be resistant to widely used medicines are covered by 

vaccinations against specific strains of the bacteria. 

Vaccines prevent or lessen severity of infection by 

Stimulating the immune system to identify the pathogens 

by erecting quick and potent immune response (Jansen 

and Anderson, 2018). Table 1 displays the antimicrobial 

resistant pattern in microbial isolates. 

 

Resistance to antibiotics is an ongoing process caused by 

either chromosomal mutations or acquisitions of drug-

resistance genes by bacteria. Through overuse of 

antibiotics in healthcare and agriculture, pathogenic 

bacteria have developed diverse mechanisms to weaken 

previously potent antimicrobials. Worldwide, MDR 

bacteria are commonly detected in respiratory infections, 

urinary infections, sexually transmitted infections, and 

tuberculosis infections. A paucity of effective 

antimicrobials and the rapid evolution of multidrug-

resistant pathogens threaten the future of antimicrobial 

treatment. An integrated One Health approach that 

applies to humans, animals, and the environment is 

necessary to effectively address AMR. It is essential to 

raise public awareness about AMR, educate the public, 

and maintain the efficacy of antibiotics for future 

generations by collaborating internationally. 
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