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Abstract

The discovery of antibiotics is one of the most significant medical achievements of modern medicine as these agents have 
become a vital component of clinical practice. Overuse and misuse of these medications lead to the emergence of antibiotic 
resistance, becoming less effective and has led to the emergence of "superbugs". As superbugs become increasingly common, 
superbug caused infections are very difficult and sometimes impossible to treat. Patients with and multidrug-resistant 
organisms infection have an increased risk of death compared to patients with infection due to susceptible strain. The financial 
risks associated with specific multidrug-resistant organisms are also varying greatly. The current review's main objective is to 
summarise recent research on the mechanism of antibiotic resistance, therapeutic approaches, and potential new antibiotics 
being developed to combat superbugs.
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Introduction

According to world health organization (WHO) the 
infectious diseases is the most common cause of deaths 
accounting more than 25% of total deaths [1]. Both 
prokaryotes and eukaryotes cause infections. Infection is a 
process in which bacteria, viruses, fungi or other organisms 
enter the body, attach to cells, and multiply [2]. To do this, 
they must overcome the body’s natural defenses at each 

step. The symptoms vary greatly depending on the part of the 
body and type of organism involved. The first sign of bacterial 
infection is often inflammation: fever, pain, swelling, redness, 
and pus. By contrast, viral infections less commonly cause 
inflammation but may cause a variety of other symptoms, 
from a runny nose or sore throat to a rash or swollen 
lymph nodes [3]. The main treatment is usually medication: 
antibiotics for bacterial infections; antiviral drugs for some 
viruses, antifungal medications for fungus infections; and 
antihelmintic drugs for worms [4]. The current review’s 
main objective is to summarise recent research on the 
mechanism of antibiotic resistance, therapeutic approaches, 
and potential new antibiotics being developed to combat 
superbugs.

Antibiotic Action

An antibiotic is a selective poison and have been used by 
the fungi to kill bacteria for many million years. Antibiotic 
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was first discovered by A. Fleming in 1929. They were 
brought in to widespread use in 1940’s. Their introduction 
was the biggest medical breakthrough since sanitation. 
During 1940’s and 1950’s they were extremely effective. 
They are widely prescribed often for the medical condition 
that did not require them. Antibiotics have been used in 
agriculture, dosing cattle with antibiotics increased yield. 
By 1970’s the world is flooded with full of antibiotics [5]. 
Each different type of antibiotic affects different bacteria in 
different ways to kill them. For example, an antibiotic might 
inhibit 1) cell wall synthesis (Pencillins and cephalosporins), 
2) inhibition of protein synthesis by preventing the 
translation of mRNA into protein (Chlorophenecol and 
Erythromycin), 3) inhibition of nucleic acid synthesis by 
preventing the replication and transcription (Quinolones and 
Rifampine), 4) by damaging plasma membrane (Polymixin 
B) and 5) inhibition of synthesis of essential metabolites 
that required for the survival of bacteria (Sulfanilamide and 
Trimethoprim). When any of these happens, the bacterium 
dies instead of reproducing [6]. But, several mechanisms 
have evolved in bacteria which confer them with antibiotic 
resistance [7].

Mechanism of Antibiotic Resistance

If a bacterium become resistant to most of the antibiotic 
drugs and carries several resistance genes, it is called as 
multidrug resistant (MDR) or, informally, a superbug or 
super bacterium [8]. A tiny change in one gene or a mutation 
can turn a bacterial cell into a superbug. One single superbug 
on its own will not cause much damage but if it reproduces 
rapidly then it could produce a large population of bacteria 
which are all resistant to antibiotics [9]. The mechanism 
of antibiotic resistance can occur by blocking entry of the 
antibiotic or by inactivating the antibiotic after entering 
into cell or by altering the target molecule by changing its 
shape and sometimes efflux of antibiotic before it acts on the 
bacterial cell is also possible [10].

If bacteria carrying antibiotic resistance genes were ever 
to cause infection, it would be very difficult for doctors to 
treat. This antibiotic resistance in bacteria may be an inherent 
trait of the organism that renders it  naturally resistant by 
lacking a transport system for an antibiotic or the target of 
the antibiotic molecule, in Gram-negative bacteria, the cell 
wall is covered with an outer membrane that establishes a 
permeability barrier against the antibiotic [11]. Bacteria 
also acquire resistance to antibiotics by means of mutation 
in its own DNA or by the acquisition of new genetic material 
from another source [10]. The spontaneous mutation is a 
very rare event only one bacterium will develop antibiotic 
resistance in about 10-8 to 10-9 at each infection. The very 
fast growth rate of bacteria and the absolute number of cells 
attained means that it doesn’t take long before resistance is 

developed in a population [12]. Once the resistance genes 
have developed, they are transferred directly to all the 
bacteria’s progeny during DNA replication. In the selective 
environment of the antibiotic, the wild types are killed 
and the resistant mutant is allowed to grow and flourish 
[13]. Horizontal gene transfer  is another process whereby 
genetic material contained in small packets of DNA can be 
transferred between individual bacteria of the same species 
or even between different species through the conjugation, 
transformation and transduction  processes. Multiple lines 
of evidence suggested that horizontal gene transfer in the 
large intestine was the cause of the emergence of resistant 
infections, and the persistence of antibiotic resistance genes 
in populations [14].

Superbugs

The main cause for the antibiotic resistance is misuse 
of antibiotics. Misuse includes using outdated or weakened 
antibiotics, using antibiotics for the common cold and other 
inappropriate conditions, using antibiotics in animal feed, 
failing complete the prescribed regimen and using someone 
else’s leftover prescription [15]. Antibiotic resistance is a 
serious global public health concern. The first antibiotic-
resistant strains of bacteria were identified more than 75 
years ago [16]. Multi drug resistant organisms (MDRO) 
are bacteria that are resistant to several antibiotics. Gram 
negative MDRO’s (Acintobactor, Pseudomonos and Klebsella) 
were first identified in 1963 [17]. Later a series of superbugs 
were reported ex. Methicillin resistant S. aureus (MRSA) 
(1968), Clostridium difficile (1979) and Vancomycin resistant 
enterococci (VRE) (1993) [18]. The MDRO gram negative 
rods are resistant to at least 3 antimicrobial classes shown 
in Figure 1.

Figure 1: Different classes of antimicrobials.
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Extended spectrum β-lactamases (ESBL) were identified 
in 1978. These strains are resistant to all penicillins, 
cephalosporins, and aztreonam. Many ESBL are also commonly 
resistant to quinolones, aminoglycosides and trimethoprim 
[19]. Antibiotic resistance genes in all most all ESBLs are 
(CTX-M, TEM, SHV) plasmid encoded.ESBL producing 
organisms include Klebsiella, E coli, Salmonella, Proteus, 
Pseudomonas. AmpC β-Lactamases are also similar to the 
ESBLs and are identified in 1981 [20]. AmpC β-lactamases are 
cephalosporinases that confer resistance to several β-lactam 
drugs, β-lactam-β-lactamase inhibitor combinations, and 
aztreonam. Phenotypically AmpC beta-lactamases producers 
include several members of the Enterobacteriaceae [21]. 
Klebsiella pneumoniae carbapenemase  (KPC) was identified 
in 2001. β-lactamase occurs in Enterobacteriaceae (plasmid 
encoded) and can confer resistance to all β-lactam agents 
including carbapenems. The Modified Hodge Test is a 
phenotypic confirmatory test for “carbapenemase” activity 
(VIM, IMP, KPC) and is indicated when there is a positive 
screening test and resistance to one or more agents in 
cephalosporin subclass III (i.e., cefotaxime, ceftazidime, 
and ceftriaxone) [22]. KPC producing organisms are K 
pneumoniae, S marcescens, E coli, Enterobacter.

Implications of Superbugs

New Delhi metallo-beta-lactamase (NDM-1) 
was identified in August 2008. NDM-1 is found in 
Enterobacteriaceae isolates (plasmid encoded) [23]. Most 
isolates demonstrate resistance to all antibiotics except 
tigecycline and colistin. It has showed wider international 
spread and became endemic to many regions, most isolates 
worldwide associated with travel to India or Pakistan. 
Phenotypic screening is molecular confirmation with the 
presence of 180 kb transmissible genetic element. The clinical 
consequences of MDROs are mainly, patients with MDRO 
infection will have limited treatment options compared to 
those with a more antibiotic-susceptible infection [24]. For 
some MDRO’s, only 1 or 2 antibiotics are left for treatment, 
and these often have toxic side effects. The morbidity 
associated with MDROs is different for several different 
types of MDROs have shown that MDRO-infected patients 
also have increased length of hospitalization, increased risk 
of ICU admission, increased length of ICU stay and increased 
hospital costs [25]. Patients with and MDRO infection have an 
increased risk of death compared to patients with infection 
due to susceptible strain. The financial risks associated with 
specific MDROs are also varying greatly. Mean cost of care 
for patients with Methicillin resistant S. aureus surgical site 
infection is three times higher than for uninfected patients 
[26]. After controlling for other factors, the total hospital 
costs for caring for a patient with Vancomycin resistant 
enterococci infection was 1.4 fold greater than for uninfected 
patients. Expenses associated with highly resistant gram-

negative bacteria infections were 1.5 to 2 times greater 
than other infections. Studies have demonstrated that the 
median institutional cost of hospital–acquired infections was 
4.6 times greater than the amount budgeted for infection 
prevention activities [27].

The MDROs has been identified in globally-prevalent 
infections such as tuberculosis and S. aureus. Emerging 
antibiotic resistance is now being seen in Gram-negative 
pathogens including P. aeruginosa [28]. In addition, drug-
resistant pathogens that were previously only seen in hospital 
settings, such as multidrug-resistant Staphylococcus aureus 
(MRSA), are becoming more common in the community 
at large [29]. Less than a hundred years ago, our immune 
system couldn’t handle infections. Later the ‘wonder’ drugs, 
antibiotics capable of fighting the infections for us. The 
antibiotic use and misuse led the rise of the ‘Superbugs’ 
and changed the scenario back to the pre-antibiotic era, 
threatening our once potent arsenal of antibiotics, rendering 
them useless and impotent against a variety of re-emerging 
microbes [30].

Development of New Antibiotics 

From 1968 to 200 there are no new classes of antibiotics 
identified. Since 2000 only four classes were approved by the 
Food and drug administration (FDA), these are all effective 
against MRSA and VREs [31]. Apart from Tigecycline no 
new classes of antibiotics that work against gram negative 
bacteria were approved. Now there is a pressure to develop 
newer agents. There is a steady decline in the approval 
of new antibacterial agents and also a small pipeline for 
the investigation of antibacterial agents through clinical 
development, limiting the availability of new agents to treat 
emerging MDR bacterial strains [32]. High cost involved 
in antibiotic development and the difficulty of conducting 
clinical trials to determine the efficacy and safety of 
investigational antibacterial compounds is limiting the 
development of antibacterial [33]. Furthermore, the short 
treatment length with antibiotics compared to medicines 
used to treat chronic conditions, which reduces the return 
on investment for developers also contributing to the 
delay in development of antibacterials [34]. In an effort to 
remedy these and other concerns, the FDA, the centers for 
disease control (CDC), and the national institute of health 
(NIH) released a draft “public health action plan to combat 
antimicrobial resistance” in March 2011 that includes 
recommendations and roles for the government agencies in 
surveillance, prevention and control, research, and product 
development. It is essential for resources to be invested by 
all parties, including academic researchers, governmental 
agencies, policy makers, and pharmaceutical companies, 
to develop novel, safe and effective treatments for the life-
threatening diseases caused by MDR bacteria.
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Future Directions

Now faced with the danger of returning to the pre-
antibiotic era and shortened life spans, the discovery 
of new drugs to fight these diseases is gaining ground 
slowly. Molecular and structural biologists are trying to 
understand the mechanisms by which microbes can degrade 
antibiotics. Medicinal chemists are trying to design more 
potent antibiotics. The  National Center for Biotechnology 
Information (NCBI) has developed a database for the 
antibiotic resistant genes. Genomic techniques identified 96 
genes essential for survival and growth of Staphylococcus 
aureus. The list of genes presents proteins of all the major 
metabolic and architectural pathways operative in bacteria. 
One essential gene described is gcaD, responsible for 
producing a protein crucial in cell wall synthesis and now 
a choice candidate for its drug discovery efforts. Now, more 
than ever, we need to think ‘out of the box’ in order to win the 
attack against Superbugs. It is truly a grand battle of science, 
technology and survival, both for bacteria and for mankind.
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