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ABSTRACT 

Antibiotics are powerful medicines that fight against various infections caused by many species of 

bacteria. They act either by stopping bacteria from reproducing or by destroy them. From decades, 

multiple varieties of antibiotics have not only been used for therapeutic purposes but also practiced 

prophylactically. Uncertainly many microbes have become resistant to commonly used antibiotics. 

Many infections i.e., pneumonia, tuberculosis, and gonorrhea are becoming harder and at times 

impossible to treat while antibiotics are becoming less effective mainly due to development of 

drug resistance by microorganisms. Misuse of antibiotics is also responsible for making the 

microbes resistant to antibiotics. The main aim of this review article is to help in educating patients 

and the public to fight against the antimicrobial resistance battle and to explore the origin, 

mechanism, and preventive measures of drug resistance.   
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INTRODUCTION 

Antibiotics are medicines used to prevent and treat bacterial infections. They treat infections by 

killing or decreasing the growth of bacteria. Bacteria when enters in to human body, they multiply 

and cause symptoms. The white blood cells (WBCs) attack harmful bacteria and, even if symptoms 

do occur, the immune system can usually cope and fight off the infection [1, 2]. There are 

occasions, however, when the number of harmful bacteria is excessive, and the immune system 

cannot fight them all. Antibiotics are useful in this scenario. The Penicillin, first natural antibiotic 

was discovered by Alexander Fleming in 1928 [3].  

Common infections treated with antibiotics include- acne, bronchitis, conjunctivitis (pink eye), 

otitis media (ear infection), Sexually transmitted diseases (STD’s). skin or soft tissue infection, 

Streptococcal pharyngitis (Strep Throat), Traveler’s diarrhea, Upper respiratory tract infection, 

Urinary tract infection (UTI) [4, 5]. 
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Antibiotics commonly cause the following side effects: diarrhea, nausea, vomiting, rash and 

stomach upset [6]. Less common side effects of antibiotics include: formation of kidney stones, 

when taking sulphonamides, abnormal blood clotting, when taking some cephalosporins), 

sensitivity to sunlight, when taking tetracyclines, blood disorders, when taking trimethoprim, 

deafness, when taking erythromycin and the aminoglycosides. Penicillins, cephalosporins, and 

erythromycin can also cause inflamed bowels, but it is much less common [7, 8 ]. 

Antibiotic resistance is one of the biggest threats to global health. It occurs naturally, but misuse 

of antibiotics in humans is mainly accelerating the process. Antibiotic resistance can affect anyone, 

of any age, in any country. A growing number of infections – such as pneumonia, tuberculosis, 

gonorrhoea, and salmonellosis – are becoming harder to treat as the antibiotics used to treat them 

become less effective [9,10]. Antibiotic resistance occurs mainly when bacteria reduces or 

eliminates the effectiveness of drugs, chemicals, or other agents designed to cure or prevent 

infections. Antibiotic resistance leads to higher medical costs, prolonged hospital stays, and 

increased mortality. Even if new antibiotics are developed, the antibiotic resistance will remain a 

major threat [11].  

Antibiotic resistant organisms are known as superbugs. These are not only a laboratory concern 

but have become a global threat responsible for high death and life-threatening infections [12]. 

World Health Organization (WHO) [13] 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 [14]. 

Every year, an estimated 25,000 patients die due to multiple drug resistance (MDR) bacterial 

infections in India [15]. Estimated costs due to multidrug-resistant bacterial infection might result 

in extra healthcare costs and productivity losses [16]. It has been a standard practice for most of 

the pharmaceutical companies to distribute antibiotics that may no longer be effective or lacking 

regulatory approval. 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 [17].  

 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 353



ANTIBIOTIC RESISTANCE MECHANISMS 

1. RESISTANCE DEVELOPED BY PREVENTING THE ANTIBIOTIC FROM 
REACHING ITS TARGET BACTERIA 

Pump the antibiotic out from the bacterial cell: Bacteria can produce pumps that sit in their 

membrane or cell wall. These so-called efflux pumps are very common in bacteria and can 

transport a variety of compounds such as signal molecules and nutrients. Some of these pumps can 

also transport antibiotics out from the bacterium, in this way lowering the antibiotic concentration 

inside the bacterial cell. In some cases mutations in the bacterial DNA can make the bacteria 

produce more of a certain pump, which in turn increases resistance [18, 19]. 

Decrease permeability of the membrane that surrounds the bacterial cell: Certain changes in 

the bacterial membrane make it more difficult to pass through. In this way, less of the antibiotic 

gets into the bacteria [20]. 

Destroy the antibiotic: There are bacterial enzymes that can inactivate antibiotics. One example 

is β-lactamase that destroys the active component (the β-lactam ring) of penicillins, extremely 

important antibiotics for treating human infections [21].  

Modify the antibiotic: Bacteria can sometimes produce enzymes that are capable of adding 

different chemical groups to antibiotics. This in turn prohibits binding between the antibiotic and 

its target in the bacterial cell [22]. 

 
Fig : 1 Antibiotic resistance strategies in bacteria.  
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2. TO MODIFY THE TARGET THAT MAINLY THE ANTIBIOTIC INHIBITS 

BACTERIA. 

Change in target structure. Changes in the composition or structure of the target in the bacterium 

(resulting from mutations in the bacterial DNA) can stop the antibiotic from interacting with the 

target [23, 24]. Alternatively, the bacteria can add different chemical groups to the target structure, 

in this way shielding it from the antibiotic. 

Express alternative proteins. Some bacteria are able to produce alternative proteins that can be 

used instead of the ones that are inhibited by the antibiotic. For example, the 

bacterium Staphylococcus aureus can acquire the resistance gene mecA and produce a new 

penicillin-binding protein [25, 26]. These proteins are needed for bacterial cell wall synthesis and 

are the targets of β-lactam antibiotics. The new penicillin-binding protein has low affinity to β-

lactam antibiotics and is thus resistant to the drugs, and the bacteria survive treatment. This type 

of resistance is the basis in MRSA (methicillin-resistant Staphylococcus aureus) [27, 28]. 

Reprogram target. Sometimes bacteria can produce a different variant of a structure it needs. For 

example, Vancomycin-resistant bacteria make a different cell wall compared to susceptible 

bacteria. The antibiotic is not able to interact as well with this type of cell wall [29]. 

3. Mutations can result in antibiotic resistance in bacteria [30].  

Bacteria grow and multiply fast and can reach large numbers. When bacteria multiply, one cell 

divides into two cells. Before the bacterium can divide, it needs to make two identical copies of 

the DNA in its chromosome; one for each cell. Every time the bacterium goes through this process 

there is a chance (or risk, depending on the end result) that errors occur; so-called mutations [31, 

32]. These mutations are random and can be located anywhere in the DNA. Mutations can also 

form due to external factors like radiation or harmful chemicals. Mutations can provide resistance 

to antibiotics. Some spontaneous mutations (or genes that have been acquired from other bacteria 

through horizontal gene transfer) may make the bacterium resistant to an antibiotic [33, 34]. If we 

need to treat the bacterial population with same specific antibiotic, only the resistant bacteria will 

be able to multiply; the antibiotic selects for them. These bacteria can now increase in numbers 

and the end result is a population consisting of mainly resistant bacteria [35]. 
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4. Multidrug-resistant bacteria [36] 

When a single bacterium is resistant to more than one antibiotic it is said to be multidrug-resistant. 

This can occur in two distinct ways. 

A bacterium can have several different resistance genes, each providing resistance to a particular 

antibiotic [37, 38]. Accumulation of resistance genes often takes place on small DNA-pieces called 

plasmids that can be transferred between bacteria in a single event [39].  

The other possibility is that a single resistance mechanism gives resistance to more than one 

antibiotic [40, 41]. The resistance strategy bacteria use is to pump the antibiotic out of the cell. 

Sometimes such pumps can recognize many different molecules, including different types of 

antibiotics. That is, the bacteria use a single pump to pump out several different antibiotics. This 

is also called cross-resistance [42]. For example, the methicillin-resistant Staphylococcus 

aureus (MRSA), which is resistant not only to methicillin (which was developed to fight against 

penicillinase-producing S. aureus) but usually also to aminoglycosides, macrolides, tetracycline, 

chloramphenicol, and lincosamides. Such strains are also resistant to disinfectants, and MRSA can 

act as a major source of hospital-acquired infections. An old antibiotic, vancomycin, was used for 

treatment of MRSA infections.  

CONCLUSION  

Worldwide antibiotic use in humans, animals, and agriculture is increasing. Antibiotic resistant 

bacteria cannot be fully inhibited or killed by an antibiotic, even though the antibiotic may have 

worked effectively before the resistance occurred. The public health care centers should establish 

a surveillance system in coordinating at National and International levels, regarding ongoing 

analysis and a mandatory reporting system for antibiotic resistance. Both domestic and global 

policies need to be conventional to stop the overuse and misuse of antibiotics. 
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