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Abstract

Antibiotic resistance in microorganisms has become a critical health issue these days and has evolved to become a worldwide
health threat. Over a decade, the resistance level of bacteria has increased many folds due to various factors, accounting to
the added pressure on the environmental resistome. Infections that are resistant to these antibiotics show potentially
devastating effects on public health, often affecting developing countries. This review focuses on the present scenario of
antibiotic resistance and enlists some of the strategies to combat this global community threat.
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Introduction development of new drugs. Currently, newer classes

of compounds, including antimicrobial peptides,
bacterial biosynthetic inhibitors, etc., have given an
upper hand against antibiotic resistance. The
recently developed carbapenem family of beta-
lactum antibiotics exhibit broad-spectrum activity. A
number of next-generation fluoroquinolones
currently are in developmental stages. Moreover,
the use of lytic bacteriophages to manage bacterial
infections is accelerating the current research
developments. However, just like a bacteria,
bacteriophages can also acquire resistance to phages
that attack them. Thus, phages can evolve resistance
and adapt to resistant bacteria. Looking at the
current situation, there does seem to be a necessity
to identify and develop compounds that can address
the problem of antibiotic resistance. The threat of
resistant bacteria is a critical public health issue that
requires a coordinated and multifaceted response.

New and Alternative Approaches: Prevention is
(always) better than cure. Avoiding infections will
reduce the use of antibiotics, further inhibiting the
incidence of resistance development in bacteria. A
closer look at antibiotic resistant infections and the
causes and analysing them will help the scientific
community to develop new and specific strategies to
prevent them. Avoiding inappropriate use and
misuse of antibiotics would slow down the spread of

Antibiotic resistance in microorganisms, especially in
bacterial species, has become an eminent and
serious concern in the field of healthcare and
medicine. Decrease in new antibiotic research
permitted a rise in bacterial drug resistance.
Antibiotic resistant bacteria have been found in the
initial stages of antibiotic use, but over the time, they
have become resistant to more than one antibiotic,
termed as multidrug resistant organisms (also called
“superbugs”). Bacteria now are frequently resistant
to many if not all of the antibiotics. Inappropriate use
and misuse of antibiotics are significant factors for
the increase in antibiotic resistant bacteria and thus
evoked counter attack. Hence, we are now
experiencing a rapid increase in the number of
alternative approaches to combat these antibiotic
resistant bacteria.

Antibiotic Resistance and its Current Aspects:
Antibiotic resistance has become a major concern in
the present-day world. Most of the antibiotic
resistant bacteria may have attained resistance to
the first-line antibiotics. This has necessitated the
development of second-line antibiotics. With a
slowdown in the development of antibiotics in the
past decade, the resistance level of bacteria has
increased many folds, which demand the
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resistant bacteria. As bacteria always evolve and can
develop more and more resistance, new antibiotics
are needed to fight against them. WHO recommends
guidelines and some global strategies to fight and
overcome this serious issue [1]. Latest strategies and
approaches to tackle antibiotic resistant bacteria are
described in the following sections.

Photodynamic Therapy (PDT): PDT uses the
interaction of light with a photosensitiser to
inactivate bacteria. Photosensitiser binds to the
target cell and is activated by irradiation with a light
of suitable wavelength. During this process, reactive
oxygen species are generated that will produce
bactericidal effect by damaging multiple cellular
structures [2]. It has been found that anaerobic
bacteria that lead to periodontal diseases can be
suppressed using PDT [3]. In a research by Minnock
et al. [4], it was concluded that chlorine e6 and
BLC 1010 is able to suppress periodontopathogenic
bacteria. The efficiency of PDT can be improved by
chemical derivatisation or conjugation of
photosensitisers; e.g., introduction of side chains
into the dye molecule methylene blue and porphirins
has shown optimised results [5, 6]. Although there
are some adverse effects such as impairment of
benign oral flora that may further develop to a single
resistant species [7], scar formation [8] and
phototoxic effects [9], PDT has a great benefit when
the resistance against antibiotics become worse.
Antimicrobial Peptides (AMPs): Recent findings
suggest that AMPs could be used as a therapeutic
model for designing new class of antibiotics [10].
AMPs are basically small peptides produced as part
of non-specificimmune response in many organisms
of both animal and plant kingdom. Study of AMPs as
novel therapeutic agents is in experimental stages.
Hypotheses have been made regarding whether
these peptides can interfere with DNA as well, but
this is yet to be evaluated for confirmation. McGrath
et al. [11] synthesised a low-toxicity Lys-Leu or kloth
(KL) peptide called (KLAKLAK)? toward mammalian
cells. A wvariant of (KLAKLAK)>—known as
o(KLAKLAK)?—has been studied for antimicrobial
activity. The study successfully showed the inhibition
of several gram-negative bacteria. In another
experiment, Barbu et al. [12] showed that
o(KLAKLAK)? induced apoptosis in mucor. The
molecule was also shown to inhibit germination and
reduce hyphal activity, yielding a fungicidal effect.
With technological advancements, some of the
limitations like toxicity, stability, drug delivery
mechanism, etc., can be resolved, and then this new
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class of antibiotics could be a promising
antimicrobial in the market.

Use of Platensimycin and Platencin: Platensimycin,
a metabolite of Streptomyces platensis MA7372
strain, is a potential antibiotic candidate, as it does
not exhibit cross-resistance to gram-positive bactera
[13, 14]. Platencin—having an analogous structure
and profile to platensimycin—has been described as
an antibiotic [15, 16]. However, some improvements
are needed before they can be made available in the
market for clinical use.

Quorum Sensing (QS) Approaches: Quorum sensing
(QS) is a cell-density-dependent phenomenon based
on the release of low-molecular weight agents that
coordinate gene expression in a given cell population
[17]. Burn wounds could sometimes be associated
with Pseudomonas aeruginosa infections. Evidence
suggests that 10% of P. aeruginosa genes are
controlled by QS regulatory communication system.
A group led by Que et al. [18] hypothesised that,
using anti-QS inhibitors that target QS system may
reduce the infections caused by the bacteria. It has
also been found that virulence nature of P.
aeruginosa in mice was reduced to a great extent
when MvfR (multiple virulence factor regulator) was
inhibited [19].

Phytotherapy: Phytotherapy is an herbal therapy
that uses whole plants and plant extracts as the
potential bactericidal agent. Herbal medicine is an
old method based on empirical knowledge. Several
clinical trials have been performed to treat
Helicobacter pylori using different plant extracts [20,
Table 1]. A focus on this therapy could yield a new
strategy to overcome the antibiotic resistance in
future.

Aminoglycosides and Derivatives: Aminoglycosides
are bactericidal antibiotics that work by interacting
with 16S RNA, which results in a conformational
change in decoding site A leading to mistranslation
of protein synthesis. Aminoglycosides are used to
treat staphylococcal infections and enterococcal
endocarditis when combined with beta-lactum or

vancomycin. Planzomicin (ACHN-490), a novel
neoglycoside, has also been shown to have
enhanced activity against antibiotic resistant

bacteria [21].

Nanoparticles: Nanotechnology can also help in
dealing with antibiotic resistant bacteria. The
antimicrobial activity of nanoparticles can be used
against pathogens for their destruction [22, 23]. The
unique characteristic of nanoparticles is that their
properties can be altered by changing their size.
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Bacterial species like Eschcerichia coli and
Staphylococcus aureus have been shown to have
high susceptibility to nanoparticles of ZnO and CuO.
Azam et al. [21] have synthesised three nanoparticles
Zn0O, CuO and Fe,0s to study the bactericidal activity
of these particles. It was found that ZnO showed high
bactericidal activity rate as compared with other
particles.

Other Considerable Issues: Although antibiotic
resistance may seem like a challenge of science, in
truth, it is a global issue of economics and national
security. As antibiotics are rarely used, the drug
developing firms do not show much interest in
developing new antibiotics because of low monetary
returns. This also means that there is a need for new
business model that rewards drug firms with good
returns.

Another approach is extending patents for
antibiotics. Initial patent runs out by the time
antibiotics typically reach peak sales after 13 years
on the market compared with just 6 years for other
drugs.

The threat of resistant bacteria is a critical public
health issue that requires immediate counteraction.
As discussed earlier, inappropriate use and misuse of
antibiotics—usually excessive use—are significant
factors for the increase in antibiotic resistant
bacteria. The development of antibiotic resistant
bacteria accounts for the added pressure on the
environmental resistome that, over time will be very
difficult for the treatment. Therefore, it is very
important to take necessary precautions while
administrating antibiotics to any individual. Their
inappropriate use may show potentially devastating
effects in individuals, e.g. in pregnant women
[24].Similarly, a study by Rastogi et al. [25] have
isolated bacterial strains from a hospital and found
12.4% isolates resistant to multiple drugs, thus,
highlighting it as an important health issue for both
national and international community. Regulation is
required to control the poor-quality medicines. This
is because; availability of falsified drugs and sub-
standard medicines can inadvertently lead to
antibiotic resistance. Encouraging rational drug use,
reducing misuse of antibiotics, educating and raising
awareness among individuals at all levels of
community with the help of antimicrobial
stewardship programmes; are some of the measures
to limit the antibiotic resistance and maintain good
community health.
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Conclusion

In this regard, new formulations of antibiotics,
combination therapies and development of new
bioactive compounds might be useful for a better
therapeutic outcome. Approaches that can destruct
bacteria in single-step attempts are to be preferred
rather than multilevel breakdown or destruction of
bacteria. At the same time, maintaining safety at
community level is also equally important. The
approaches described in this review are at various
stages of development, and which of them or a new
one would emerge as a best therapeutic approach is
worth watching with keen interest.
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