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ARTICLE INFO ABSTRACT

The extensive use of antibiotics since they were discovered has lead many bacterial species of human
and animal origin to develop innumerable mechanisms that provide them resistant to some antibiotics
and in a few cases to nearly all of them. There are numerous significant pathogens that are resistant to
many antibiotic classes, and these multidrug resistant (MDR) organisms cause infections that are
restricting treatment options and as a result compromising effective therapy. Thus, the emergence of
antibiotic resistant bacteria population is a pertinent field of study in medical practice as well as in
evolutionary and molecular biology. In recent times, the greatest challenge to the effective treatment
of infectious disease, in the field of medicine, is the ability of all pathogens, without exception, to
develop mechanisms for resistance to the action of antimicrobial drugs. Due to advancement in
automation, clinical epidemiological research, and molecular biology, our wisdom of resistance has
expanded at a confusing rate in recent years. Anyhow, antimicrobial resistance remains a significant
medical, financial, and social issue. In this review we showcase some recent data and literature on
molecular mechanisms of antibiotic resistance.
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INTRODUCTION

Globally antimicrobial resistance is now accepted as one of the
major threats to human health (Walker et al., 2009). The
inherent mechanism developed by bacteria which render them
resistant to certain antibiotics is called Antibiotic resistance
(ABR). The antibacterial drug (antibiotic) is futile against
resistant bacteria as they defy the effect of such drugs. On the
other hand, antimicrobial resistance is a the resistance to drugs
which is used for treatment of infection caused by other
bacterial species, parasites and fungi (World Health
Organisation). Multi drug resistance develops when
microorganisms which are resistant to specific antimicrobial,
develop resistance against others having identical
pharmacological methods (Davies, 1996; Gold ef al., 1996).

In some hospitals there has been an alarming rise in the growth
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of Staphylococcus aureus resistant to customary conventional
antibiotics (Park et al., 2007; Manzur et al., 2007). S. aureus is
a bacterium that colonizes both the community and hospital
settings (Estivariz et al, 2003). Over a period of time
Staphylococcus aureus (S. aureus) has confirmed its position
as one of the most perpetual antibiotic resistant bacteria
pathogens in society and hospital setup (Boucher and Corey,
2008). The rise in imputable mortality due to staphylococcal
infections is related to Methicillin-resistant S. aureus (Cooper
et al., 2004). The data obtained via vigilance ambitions by the
National Nosocomial Surveillance System (NNIS) and the
European Antimicrobial Resistance Surveillance System
(EARSS) shows that the rates of MSRA have been increasing
globally (Fridkin et al/, 2002; Grundmann et al, 2006;
Tiemersma et al., 2004; Turnidge and Bell, 2000).

Resistance in hospitals and communities

Acinetobacter baumanii ,Hospital and community MDR strains
of Mycobacterium tuberculosis, Enterococcus faecium,
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Klebsiella pneumoniae, S. aureus, Enterobacter cloacae and
Pseudomonas aeruginosa are the prominent universal examples
of microorganisms which are resistant to hospital setup and
prevalent in communities (Levy, 1998; Walsh and Amyes,
2004; Weinstein, 2001; Anonymous, 2002). More deaths are
associated with MRSA than with methicillin-sensitive strains
(Cosgrove et al., 2003). Now a day’s more cases of treatment
failure are being reported due to persistently increasing, small
percentage of MSRA which is showing low level resistance to
even Vancomycin (the drug of choice) (Hiramatsu, 1998;
Fridkin, 2001). To treat MSRA, vancomycin-resistant
enterococci, and vancomycin- resistant S. aureus we have
some recently developed drugs like daptomycin, linezolid and
the streptogramin combination, dalfopristin/quinopristin.
However some strains have sprouted with resistace against
dalfopristin/quinopristin (Jones et al., 1998; Meka and Gold,
2004).

Causes drug resistance

The two primary components of the resistance problem that we
are facing today comprises of , the genetic makeup of the
bacteria which renders them the resistance against
antimicrobial drug and the second component is the antibiotic
which inhibits the susceptible microorganisms and select or
spare the ones which are resistant to that particular antibiotic
(Levy, 1994 & 2000). The genes which provide resistance
property to microorganisms against antibiotics can be
transferred from one bacterium to another and to different
ecological groups by means of conjugation, transduction,
plasmids, transposons and bacteriophages, thus making this
whole process of drug resistance quite portable (Levy, 2002 &
1989). In bacteria usually there is a gradual development from
low level to mid level resistance through sequential mutation
in chromosomes but in the presence of plasmids and
transposons resistance is generally mediated at high level
(Wang et al., 2001; Schneiders et al., 2003).

Behavior and the economics of antimicrobial resistance

Micro-organisms which are resistant to one antimicrobial agent
can also develops resistance to others antimicrobial agents
having similar pharmacology, leading to multi-drug resistance
(Davies, 1996; Gold, 1996). It is a very crucial and evident fact
that the treatment cost of infections caused by antimicrobial
resistant organisms are far higher when compared to those
which are susceptible to antibiotics, but the aptness of
economics to this enigma of antimicrobial resistance extend far
beyond (Cosgrove, 2006). The well certified and attested
human nature for immediate delight and gratification is
probably a very important contributor to resistance problem
which we have not seen documented anywhere (Laibson,
1997; O‘Donoghue and Rabin, 1999). In addition to all this
excessive use antibiotics in aquaculture, food animals and
agriculture are also playing a contributory factor to AR, with
adverse results for preserving antimicrobial potency in human
medicine (World Health Organization, 2010; Schneider and
Garrett, 2009; Laxminarayan et al., 2007).

Biofilm resistance to antibiotics and to host defense
mechanisms

The biological properties of bacterial cells of mature biofilm
differ from those of planktonic cells of the same bacterial
strain. The ability of biofilm hidden bacteria to survive in

nature, particularly in hostile microenvironment is due to these
acquired properties. This adaptation has significant diagnostic
and therapeutic consequences (Costeron et al., 1999; Drenkard,
2003). Moreover, bacterial biofilms are resistant to
phagocytosis and other mechanisms of innate and adaptive
immune system (Park et al., 2009). First, the increase in
generation of antibiotics resistant phenotypes of bacteria is due
to the increased number of mutations in bacterial genetic
material which is directly linked to biofilm growth and these
mutated genes which are involved in antibiotic resistance are
associated with biofilm phenotype (Mah and O’Toole, 2001).
Second, the production of the exopolysaccharide matrix
contributes to an increased cell survival by slowing down
antimicrobial diffusion speed. Third, the inclines of nutrient
and oxygen availability are established by the differences in
the density of bacteria throughout the biofilm, which leads to
differences in metabolic activity among bacteria

Mechanisms of antibiotic resistance in gram-negative
pathogens

Problematic pathogens such as P. aeruginosa and A. baumannii
thrive because they employ a variety of antibiotic resistance
mechanisms (Rice, 2006). The extraordinary cellular
adaptability and survival of P. aeruginosa, honed over
millennia, has now created states of pan-resistance at many
medical centers (Bonomo and Szabo, 2006). The theatrical
reduction in the antibiotic options against various infections
that we are experiencing today is because of the plasmids
which are responsible for ESBL production, these plasmids
regularly carry genes that are responsible for various resistance
mechanism and various ESBL enzymes target diverse
antibiotic groups (Stein, 2005). Studies have shown that a shift
in empirical therapy to the carbapenems, due to the presence of
ESBL producers, is associated with emerging resistance in P.
aeruginosa, A. baumannii, and the ESBL-producing organisms
themselves (Rahal et al., 1998; Meyer et al., 1993).

Acquisition and spread of resistances

There have been studies which state the transfer of antibiotic
resistance among LAB and bifidobacteria which indicate that
resistant strains from animal and human colons are quite usual,
that validate the transfer of resistance between commensal
organisms in the intricate habitat of Gastro instestinal tract
(GIT) (Ammor et al, 2007). There is a saying that such
microorganisms can carry genes that may lead to opportunistic
infections (Tompkins et al., 2008). The possibility for
transmigration, colonization and harmful immunological
consequences are the theoretical risks that have been brought
up in relation to the use of probiotics with in human
gastrointestinal tract (Snydman, 2008). Also there is
availability of some data in relation to antimicrobial resistance
pattern in food associated LAB such as lactobacilli but it is
generally supported by non regulated approach and
methodologies and/or it has been obtained only for a few
number of strains (Huys et al., 2008).

Biochemistry of antibiotic resistance

To understand the exact mechanisms of antibiotic resistance is
significant achievement since lasts years and today there is
plenty of information about bacteria drug resistance in medical
literature (Mobashery and Azucena, 1999; Walsh, 2000).
Resistance is created by few mechanisms:
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e Inactivation of antibiotic - It is due to direct inactivation
of the active antibiotic molecule (Wright, 2005)

e Modification of Target — It is due to alteration in the
sensitivity to the antibiotic by modification of the target
(Lambert, 2005)

e Efflux pumps and outer membrane permeability
changes — Reduction in the concentration of drug
without modification of the compound itself (Kumar
and Schweizer, 2005)

e Target bypass mechanism— Microrganism become
refractory to specific antibiotics by bypassing the
inactivation of a given enzyme.

Genetics of antibiotic resistance

Resistance to antibiotics by bacteria can be its intrinsic
property or it may be acquired. Mutation of cellular genes,
attainment of foreign resistance genes or a combination of both
can be the reasons for acquired bacterial antibiotic resistance.
Thus acquired antibiotic resistance can be due to mutation in
different chromosomal loci and it can be through transfer of
resistance genes from other microorganisms (horizontal gene
transfer) (Aminov and Mackie, 2007).

Genetics of resistance

Several studies have been put forward related to genetic aspect
of development of antibiotic resistance, such as heterologous
expression, mutation, HGT and gene pick up. All these studies
started due to the widespread appearance and distribution of
antibiotic resistant pathogen in the community (Bushman,
2002; Funnell et al., 2004; White et al., 2005). The strains of
bacterial pathogen that were isolated prior to “antibiotic era”
demonstrated that plasmids associated with antibiotic resistant
were common but their genes were unique (Datta ef al., 1983).
This was in consistent with the concept of the recent evolution
of antibiotic resistance plasmids and multi resistant strains.
The various genetic mechanisms that are responsible for
evolution of antibiotic-resistant populations have been
described by laboratory studies; the roles of plasmids, phages,
and transformation are well established, but other processes
may exist. For example, in intricate mixed microbial
community bacterial cell-cell fusion might be preferred, for
example those found in biofilms (Gillings et al., 2009). But,
there can be cases where partial protection is provided from an
antagonist by low level expression of resistant gene in a new
host (Allou et al, 2009); subsequent gene tailoring by
mutation with selection would lead to improved expression.
Gene uptake is promoted due to physical vicinity by
immobilization on agar surface or filter and by various other
environmental factors. It is worth noting that antibiotics,
especially at sub inhibitory concentrations, may facilitate the
process of antibiotic resistance development (Davies et al.,
2006). In the development of recombinant DNA methods
which are said to be the experimental foundation of modern
biotechnology industry, studies related to antibiotic resistance
mechanisms and their associated gene transfer in pathogens
have played a very vital role (Helinski, 2004).

Bacteriophage therapy: A potential solution for the
antibiotic resistance crisis

There has been surge in interest for finding alternatives to
conventional antimicrobials due to emergence of multiple drug
resistant bacteria. The use of bacteriophages as antimicrobial

agents can be a feasible replacement option for antibiotics.
Phage therapy is an important alternative to antibiotics in the
current era of drug resistant pathogens. Phage preparation has
been used in effective elimination of pathogenic bacteria which
cause gastrointestinal diseases and this ha been proved by
numerous studies that aimed primarily on the therapeutic use
of phages (Marinelli et al, 2012). To combat livestock
associated pathogens such as toxinogenic E. coli,
Campylobacter, and Salmonella, the current strategies that are
followed today focus on targeting the bacteria in animals
before slaughtering them. These strategies are direct extensions
of “classical” phage therapy approach which follow the same
principle (Sheng et al., 2006). Western countries (Kim et al.,
2007). There can be exploitation of phages for their use as a
delivery system for bacterial molecules due to their specificity
of targeting. [Engineered non lytic phages produce
antimicrobial proteins which were effective in E. coli
systematic mouse model (Westwater et al., 2003). Treatment
of MSRA by using phages has been reported by many studies
(Schless, 1932), which can be achieved by local application for
local infections or, if required for systemic infections, we can
do it with substantially more caution and with more systemic
dosing intraperitoneally (Straub and Applebaum, 1933). Also,
the US Food and Drug Administration have long postponed the
process of issuing workable guidelines to companies which
will speed up the process of planning antibiotic clinical trials.
Moreover, physicians are reluctant in prescribing a new
antibiotic to their patients which is fresh in market, due to fear
of drug resistance. They reserve it only for worst cases (Facts
about Antibiotic Resistance, 2012).

Conclusion

Antibiotic resistance is one of the more confusing problems the
FDA has faced. However, the FDA is in a peculiar position to
play a positive and definite role. For one, the FDA is an
organization that deals with all legal, social and judicial issues
related to drugs. People will expect from the FDA to deal with
the enigma involving antibiotics because FDA has that
expertise and authority over drugs. Second, unlike other
agencies, FDA is special as it has public respect and faith on it.
The FDA can act as a mediator where physicians, scientists
and manufacturers can come to a common platform to reach
solutions to this intricate problem. In bringing different groups
together on this controversial topic of antibiotic resistance, the
role of FDA will be crucial. Antibiotic resistance poses a threat
to mankind. It’s not the matter whether this threat of menace is
indirect and argued as the harm feared because of genetically
engineered food or animal drugs or more direct and straight
forward, as it is in the case of irrational use of antibiotics by
people, the FDA can play a pivot role in curbing this threat.
The only solution is to act promptly before the potential and
actual damage is done.
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