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ANTIBIOTIC RESISTANCE CRISIS

1. Introduction

The discovery of antibiotics was one of the greatest achievements in medicine of
the twentieth century. Their introduction into clinical use reduced morbidity and
mortality driven by bacterial infections. From the 1930s to the 1960s, the number
of newly identified antibiotics reached its peak; therefore, this period is regarded
as the “Golden Age of Antibiotics”. At the same time, strains of antibiotic-
resistant bacteria were observed. In the following decades, the overuse and/or
misuse of different antimicrobial agents—which has been accelerated by
overprescribing antibiotics by clinicians as well as by their widespread use in
industry, including animal husbandry and agriculture branches led to the
uncontrolled spread of antibiotic resistance throughout the microbe populations.
The most virulent, nosocomial, multidrug-resistant (MDR) pathogens of clinical
importance form a group, which has been referred to as “ESKAPE”. This group
includes some species.Current reports have indicated that a growing number of
antibiotic-resistant microorganisms and no new antimicrobial agents have been
introduced recently. In light of such data, it is not surprising that the World Health
Organization (WHO) has recognized a constantly increasing level of antibiotic
resistance, accompanied by a growing number of multidrug-resistant microbes,
as a major public health threat as a result new strategies must be implemented to
overcome antimicrobial resistance(1).

2. Mechanisms of antibiotics

The term “antibiotic” was defined as a substance produced by microorganisms
capable of inhibiting growth or killing other microorganisms. Currently, the
definition of antibiotic is broader, and it encompasses compounds of both natural
and synthetic origin exhibiting a wide spectrum of actions.The most common
mechanisms of antibiotic action include:

2.1. The inhibition of bacterial cell wall biosynthesis

There are two main groups of antibiotics, whose activities lead to the inhibition
of cell wall synthesis: B-lactams and glycopeptide antibiotics. They achieve this
by inhibiting the polymerization of peptidoglycan which is the primary structural
component of the bacterial cell wall(1).

2.2 Disruption of cell wall
Amongst the antibiotics whose action leads to the disruption of the bacterial cell
membrane, there are: cyclic lipopeptide and polymyxins(1)

b
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2.3 inhibition of protein synthesis

A plethora of antibiotics interfere with protein synthesis (which takes place in
prokaryotic ribosomes), including tetracyclines, aminoglycosides, macrolides,
lincosamides(1).

2.4 inhibition the synthesis of DNA

Among the antibiotics that inhibit nucleic acid synthesis as well as being widely
used in clinical practice, there are quinolones and rifamycins(1).

3. Factors Accelerating the Rate of AMR
Misuse and Overuse of Antibiotics

From early days of discovery of antibiotics in the 1940s, Sir Alexander Fleming
warned the public about the high demand for antibiotics in the future which could
lead totheir overuse(2). According to Klein et al, between 2000 and 2015, global
antibiotic use elevated by 65% (3).

Furthermore, in many developing countries where there are deficiencies in proper
diagnostic tools, patient management is predominantly contingent upon the
prescription of medicine, particularly antibiotics. Administering antibiotics when
they are actually not needed for the treatment is another example of common
misuse of them.Moreover, many antibiotics are of poor quality and sold over the
counter in the developing countries. Such availability makes it accessible for
patients to do self-treatment for diseases that do not necessarily need antibiotics
for treatment(2).

Agricultural use of antibiotics is another prominent contributor to the
antimicrobial resistance in humans. Forinstance, just in the United States,
approximately 80% of the antibiotics sold are applied to food that animals eat. In
2010, 63,200 tons of antibiotics were used in livestock production worldwide
which is significantly more than human consumption(2).

4. ESKAPE pathogens

Multi-drug resistance (MDR) is defned as acquired non-susceptibility to one or
more antimicrobial agents from three or more antimicrobial categories. Among
MDR pathogens, ESKAPE (Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter sp.) pathogens have caused a major concern due to their resistance
against antibiotics and other medicine (Fig. 1).

Fig.1 ESKAPE multi-drug resistance bacteria(4).



5\ \E=meen

The ESKAPE pathogens mainly were isolated from blood, urine, wound swabs,
respiratory samples, etc., collected in hospital units (intensive care units (ICU).
Infections by MDR pathogens were higher in hospital-onset compared with
community-onset. These infections not only infect patients but also have negative
consequences for healthcare workers and visitors who are either directly or
indirectly infected and can spread the infection(4)

A study in a paediatric teaching hospital in Mexico isolated 94 MDR pathogens
from the surgical and medical care units. Another study by Llaca-Diaz et al.
(2012) discovered that 65% of pathogens isolated from the ICU of a hospital in

E S K A P E

Enterococcus foecium  Staphylococcus aureus  Klebsiella pneumoniae  Acinobacter boumannii  Pseudomonas oeruginoso  Enterohacter spp.
Gram +ve Gram -ve

Monterrey, Mexico were in the ESKAPE group(4).

5. Resistance strategies of bacteria towards antibiotics

Active efflux

;ﬁ? Effluxipump Antimicrobial
drugs
&

. - Ve

Antimicrobial
drugs

6“\
\ ! ! ! Porin loss or
Inactivation of Target mutation
target enzyme 'NN_ modification

Antimicrobial resistance genes can be found on transposons, plasmids, or
chromosomes of bacteria. Antimicrobial resistance is caused by antibiotic’s
inactivation or alteration, modification of antibiotic’s binding sites, efflux pumps
activation to eliminate the antibiotic, and changes in the outer membrane
permeability through porin loss to hinder efective antibiotic’s entrance (Fig. 2).
The common drug resistance of the certain pathogens is MRSA, vancomycin-
resistant S. aureus (VRSA),vancomycin-intermediate S. aureus (VISA),
vancomycin-resistant Enterococci (VRE), multidrug-resistant S. pneumoniae
(MDRSP)(5,6).
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Fig. 2 Multi-drug resistance mechanism (4).

6. Findings

Morbidity and mortality are important consequences of AMR affecting
patients.Compared to non-resistant forms, resistant bacteria will double the
chances of developing a serious health issue and triple the chances of death. Of
course, these negative outcomes will be more pronounced with elevation of the
severity of the resistant infections and the susceptibility of the host.

Table 1 indicates the mortality rates due to AMR by 2050 in different regions of
the world. In the United States, 2 million people are affected every year by AMR

Asia 4,730,000
Africa 4,150,000
Europe 320,000
Latin America 392,000
North America 317,000
Oceania 22,000

Notes: Adapted from Antimicrobial resistance: tackling a crisis for the health and wealth
of nations. 2014. Available from: https://amr-review.org/sites/default/files/AMR
Review Paper - Tackling a crisis for the health and wealth of nations_ |.pdf.
Accessed September 17, 2019. Creative Commons Attribution 4.0 International
Public License (https://creativecommons.org/licenses/by/4.0/legalcode).®®

and about 23,000 deaths occur as a result. This number is roughly the same as the
European Union which has an annual mortality rate of 25,000.

Tablel: Mortality Rates by 2050 Due to AMR in Different regions.(2)
Officialreports have estimated that about 10 million people will die across the
world by 2050 if strong and effective action against AMR 1is not taken (2)

AMR has disastrous impacts on healthcare costs. According to the CDC, in the
United States alone, antibiotic resistance could add about $1,400 to the hospital
bill for treating patients with any bacterial infections. This additional cost could
go up significantly to more than $2 billion every year(7)

8. Adjuvant therapy to alter resistance

Hundreds of antibiotics have been found so far and used as treatments for a
variety of diseases caused by microorganisms. However, some of these antibiotics
were becoming less or no longer efective in treating diseases due to pathogen
resistance(4).there are also concerns about the safety and toxicity of antibiotics,
which limit their usage.Therefore, the use of plants as antimicrobial agents in
antibiotics is promoted, as their efcacies are comparable to synthetic antibiotics
while being far safer(4).

In an era of sustainable resistance and with the lack of novel antimicrobials,
combination therapy of antibiotic-antibiotic and antibiotic-adjunct has been



developed. Adjuvant therapy is capable of extending the lifetime of existing
antibiotics through synergistic action or inhibiting antibacterial resistance (8).
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Deep vein thrombosis
(signs and symptoms)
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