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Abstract  
Antibiotics are the ‘wonder drugs’ to combat microbes. For decades, various types of antibiotics have not only been 
used for therapeutic purposes but practiced prophylactically across other industries such as agriculture and animal 
husbandry. Antibiotic-resistant infections correlate with the level of antibiotic consumption. Non-judicial use of 
antibiotics is one of the reason for making the microbes resistant. The antibiotic therapy store for emerging hard-to-
treat multidrug-resistant bacterial infections is limited, resulting in high morbidity and mortality report. As per the World 
Health Organization “First worldwide Report on Antibiotic Resistance”, and the U.S. Centers for Disease Control & 
Prevention (CDC&P) and the spread of “superbugs” - bacteria that have changed in ways that provided antibiotics non 
effective against them - is a severe and growing threat around the world. Once common treatments for not only 
everyday intestinal and urinary tract infections but also pneumonia as well as infections in newborn and diseases like 
gonorrhea are no longer working in people. Thus, in 2013, two million people in the U.S. were affected by antibiotic-
resistant bacteria, and 23,000 of them die each year as a result. 
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Introduction 

The detection and subsequent clinical introduction of 
antibiotics is one of the most important game-changers 
in the history of medicine [1]. These drugs have saved 
millions of lives from infections that would before have 
been mortal, and later, they allowed for the 
introduction of surgical interventions, organ 
transplantation, care of premature infants, and cancer 
chemotherapy [2]. Even so, the treatment of bacterial 
infections is becoming less and less straightforward due 
to the emergence of multidrug resistance (MDR) in 
these pathogens [3]. Direct effect of antibiotic resistance 
involve late in the start of the appropriate (effective) 
antimicrobial treatment, the need to use older, more 
toxic antibiotics (e.g., colistin) with a disadvantageous 
side effect profile, longer hospital stays, and an 
increasing burden on the healthcare infrastructure; 
overall, a decrease in the quality-of-life (QoL) and an 
increase in the mortality rate of the a_ected patients 
[4,5]. To highlight the severity of the issue, several 
international declarations have been published to call 
governments around the globe to take action on 
antimicrobial resistance [6–9]. 

Antibiotics 

Antibiotics are chemical agents that inhibits bacterial 
growth by stopping the bacterial cell from dividing 

(bacteriostatic) or by destroying them (bactericidal). The 
terms antibiotic and antimicrobial are often used 
interchangeably but are not synonymous. Antibiotics are 
substances of microbial origin (such as penicillin) while 
“antimicrobial” refers to any substance including 
synthetic compounds which destroys microbes [10].  

Antibiotics are used to treat and or prevent disease in 
human and animals. The reductions in death afforded by 
effective antibiotics for bacterial infections of all types, 
ranging from simple skin infections to infections of the 
bloodstream, lung, abdomen, as well as brain, so 
enormous that the lives of both human and animals are 
saved due to treatment by using antibiotics [11]. 

Table 1: A list of antimicrobial agents and their modes of 
action 

Antimicrobial agents  Group  Mode of action  

Ampicillin, Augmentin, 

Amoxycillin  

Penicillins  Inhibitor of cell wall synthesis  

Ceftriaxone  Cephalosporins  Inhibitor of cell wall synthesis  

Chloramphenicol  Chloramphenicol  Inhibitor of protein synthesis  

Erythromycin 

Azithromycin  

Macrolides  Inhibitor of protein synthesis  

Gentamycin, streptomycin  Aminoglycosides  Inhibitor of protein synthesis  

Oxytetracycine  Tetracyclines  

Nalidixicacid Ciprofloxacin  Quinolones  Inhibitors of DNA synthesis  

Sulfamethazine, 

Trimethopim  

Sulfonamides  Competitive inhibitors of folic 

acid synthesis  
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Mechanism of action of antibiotics  

In order to appreciate the process of resistance, it is 
important to understand how antimicrobial agents act. 
One of the most common mechanisms of action is 
targeting the cell wall, which is present in bacteria 
(prokaryotic cells) but absent in humans (eukaryotic 
cells). Thus, antimicrobial agents act choosily on vital 
microbial functions with minimal effects or without 
affecting host functions. Different classes of antibiotics 
possess specific modes of action by which they inhibit 
the growth or kill bacteria [12]. 

 

Figure 1: Mechanism of action of antibiotics (Source: 
http:// www.text book of Brook biology of 
microorganisms’ org.com). 

Antibiotic Resistance 

Antibiotic resistance is the capability of a pathogen or 
other microorganisms to exist and reproduce in the 
presence of some amount of antibiotic doses that were 
previously thought effective against them [13]. The 
origin of antibiotic resistance genes are unclear; 
however studies using clinical isolates collected before 
the introduction of antibiotics demonstrated 
susceptibility, although, conjugative plasmids were 
present [14].  

Normally, most cells in a naive, susceptible bacterial 
population which can cause an infection are susceptible 
to particular antibiotic upon exposure. However, there is 
always a minute sub-population of resistant bacterial 
cells that will be able to multiply at higher 
concentrations in insufficient antibiotic concentration 
which kill the sub population so that micro-organisms 
survives in the environment [15]. Resistance is often 
associated with decreased bacterial fitness, and it has 
been suggested that a decreased in antibiotic use will 
pose selective pressure to get resistance would afford 

the fitter susceptible bacteria, enabling them to out  
compete resistant strains over time [16].  

Antibiotic resistant bacteria are a growing general public 
health emergency since infections from resistant 
bacteria are more hard and costly to treat. For instance, 
since the 1990s, some strains of Salmonella became 
resistant to a range of antibiotics. Resistance is assumed 
to be occurred from the use of antibiotics in human and 
animals’ husbandry. The major problem in the clinical 
practice today is the emergence of multiple-drug 
resistance, which is resistance to several types of 
antimicrobial agent [17]. 

Mechanism of antibiotic resistance  

As there are many different ways in which antibiotics 
can kill or inhibit the growth and multiplication of 
microorganisms, there are also many mechanisms of 
resistance that microorganisms innately possess or have 
developed over time through exposure of antibiotics. It 
is possible that through one procedure, an organism can 
become resistant to various different classes of 
antibiotics, specially if the modes of action are similar. 
Occasionally resistance can be shared between separate 
bacteria through the manufacturing of “resistance 
plasmids,” the pieces of DNA able to being transferred 
from one cell to another [18]. A microorganism is 
resistant if it exhibits “definite decreased susceptibility” 
when compared with that of the “original isolate” or 
collection of delicate strains (Chapman, 1998). 
Resistance can result from mutations in housekeeping 
structural or regulatory genes, or alternatively, 
horizontal acquisition of foreign genetic information 
[19]. 

 

Figure2: Horizontal gene transfer: resistance gene being 
transferred from one bacterium to another. 
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SPREAD OF ANTIBIOTIC RESISTANCE 

 

Consequence of antibiotic resistance 

Antibiotic resistant organisms are known as superbugs. 
These are not only a laboratory concern but have 
become a global threat responsible for high death tolls 
and life-threatening infections [21]. Consequences of 
these infections are aggravated enormously in volatile 
situations such as civil unrest, violence, famine and 
natural disaster [22]. World Health Organization (WHO) 
[22] has warned that a post-antibiotic era will result in 
frequent infections and small injuries may result in 
death if we fail to act against antibiotic resistance. 
Multidrug-resistant bacteria causing more deaths 
worldwide. More than 63,000 patients from the United 
States of America (USA) die every year from hospital-
acquired bacterial infections [23]. Every year, an 
estimated 25,000 patients die due to multiple drug 
resistance (MDR) bacterial infections in Europe [24]. 
Many countries are facing the burden of nosocomial 
Staphylococcus aureus (S. Aureus) infections as waves of 
clonal dissemination. Methicillin-resistant 
Staphylococcus aureus (MRSA) strains are rapidly 
spreading globally [25]. Estimated costs due to 
multidrug-resistant bacterial infection might result in 
extra healthcare costs and productivity losses [24]. It has 
been a standard practice for most of the pharmaceutical 
companies to issue antibiotics that may no longer be 
capable or lacking regulatory approval [26]. Evidence 
shows that increased antibiotic use may result in a 
positive association with a higher prevalence of resistant 
microorganisms, while reduced antibiotic use showed 
lower resistance rates. There is clear evidence that 
patients historically treated with antibiotics are more 
likely to have antibiotic resistance [20]. Further, re-
administration of antibiotics from the initial cycle 
accelerates resistance mechanisms [27]. Antibiotics 

encourage selective pressure for bacteria to evolve 
when administered frequently or irrationally. Individuals 
and states play a role in the evolution of antibiotic 
resistance [20]. For example, Clarithromycin 
consumption and its resistance similarly increased 
fourfold in Japan between 1993 and 2000 in comparison 
to other countries [28]. 

Conclusion 

Antibiotics are extensively used both on human and 
animal health practices in developed and developing 
countries of the world mainly for treatment and control 
of various diseases. However the use, misuse and 
overuse of these medicines contributed favorable 
conditions for the emergence, occurrence and 
development of antibiotic resistant bacteria. Similarly, 
the other factor which contributes for includes: Sub-
therapeutic doses, non-laboratory oriented antibiotic 
therapy, use of ineffective drugs and poor storage of 
drugs. Antibiotic resistance is all time at peak level in all 
the parts of the world. Despite measures taken by some 
member states of WHO, antibiotic use in humans, 
animals as well as agriculture is increasing. The high 
economic burden in the healthcare sector has become a 
burning issue, due to extended hospital stays, isolation 
wards, stringent infection control measures and 
treatment failures. The public health leaders should 
establish a pan surveillance system coordinated at 
national and international levels, ongoing analysis and a 
mandatory reporting system for antibiotic resistance. 
Both domestic and global policies need to be 
conventional and adheredto to stop the overuse and 
misuse of antibiotics. 
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