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Antimicrobial Resistance:

A Dark Shadow on Global Public Health

Antibiotics were the one of the revolutionary
discoveries of the 20™ century while their resistance
has turned out to be one of the grievous challenges
of the 21t century. The burgeoning burden of anti-
biotic resistance as a whole and the sharing of
these resistance traits among humans, animals and
environmental reservoirs, are continuously threatening
mankind with the nightmare of succumbing to
even infections like the common cold. Like many
emerging public health problems, the problem of
antibiotic resistance reminds us that the health of
humans, animals, and ecosystems are completely
interconnected, and that to better understand and
respond rapidly to this public health emergency at
the human-animal-environment interface requires
coordinated, collaborative, multidisciplinary, and
cross-sectoral approaches, which in a single term
can be labelled as “One Health™ approaches.

Antibiotics (*anti” - against; “biotic” - relating to living
organisms) are molecules that can stop the growth of
microbes or can kill them outright. Most of the antibiotics
introduced into clinical use to treat infectious diseases have
been natural products produced by one microorganism in
a particular habitat and set of environmental conditions,
to affect the neighboring microbes, either to regulate their
growth or to trigger their elimination.

The successful survival of bacteria for approximately
3.5 billion years on earth attests to their highly adaptive
nature through genome plasticity against perilous odds
of innumerable hostile circumstances, and also proves
that the genomes of all bacteria can be considered as a
single global gene pool, into which bacteria can dip for
genes necessary for their survival against any unfavourable
encounter. The discovery of antibiotics started challenging
bacterial survival for some period of time, but now it seems
that bacteria have completely taken over the survival
race against antibiotics, with the rise of more and more
'superbugs’ that could possibly announce an end to the
antibiotic era. With few alternatives in the armoury, this
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scenario makes human existence endangered, as per a
recent report from the United Kingdom — the human cost
of the antibiotic-resistance crisis has been estimated to
be 300 million cumulative premature deaths by 2050, with
a loss of up to $100 trillion to the global economy'. Taking
this dreadful scenario in cognizance, in 2017 the World
Health Organization published its first ever list of antibiotic-
resistant “priority pathogens” that pose the greatest threat
to human health?.

Rise of Antimicrobial Resistance

The introduction of the “magic drug’, penicillin, into human
therapeutics in the 1940s with a great deal of promise to
counter all infectious life-threatening diseases soon went
through major blows in the following decades. The pace of
resistance towards these magic drugs can be estimated by
observations that penicillin was given to the first patients
in 1941, and resistance towards it was detected in 1942.
Similarly, the drug methicillin was introduced in 1960 and
resistance to the same was reported in 1961°. The risin
concern of the problem of antimicrobial resistance (AMR?
is that we have very few antibiotics in the pipeline to
counter these life-threatening ‘superbugs’, and producing
new antibiotics in the 21t century has become a daunting
task as the poor economic return on the investment in drug
discovery has made many pharmaceutical companies halt
their antibiotic research and development programmes to
focus on more economically favourable arenas.

Antibiotics were developed initially to treat infectious
diseases of humans, but soon their properties in veterinary
science, agriculture and aquaculture were applied
widely with their intense use, misuse and overuse at
unprecedented rates. This broad and unrepressed use
created a strong selection pressure on the surviving
bacteria, which consistently has resulted in the rapid
spread of resistant bacteria. Many of the resulting resistant
‘superbugs’ e.g., methicillin resistant Staphylococcus aureus
(MRSA), Escherichia coli STI31, extended spectrum beta
lactamase resistant Enterobacteriaceae, Klebsiella ST258,
Clostridium difficile, extensively drug resistant tuberculosis
bacteria, etc, have disseminated rapidly worldwide
within no time. This spread is mainly facilitated by inter-
species gene transmission, poor sanitation and hygiene in
communities and hospitals, and the increasing frequency
of global travel, trade, and disease transmission®. The major
factors responsible for antibiotic resistance are depicted in
Figure 1 and discussed below in detail.

The Biological Side of Resistance

The evolution, transmission and maintenance of antibiotic
resistance in a population of bacteria are driven by the
complex interplay of several factors, including:

+  Rate of development of mutations

« Llevel of resistance conferred by the
mechanism

«  Fitness cost of the antibiotic-resistant mutant bacteria
as a function of drug concentration

«  Strength of selective pressures

resistance
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«  Epistatic interactions and co-selection of genes that
induce drug resistance

« Development of compensatory
resistance

«  Population bottlenecks and clonal interference

and/or cross-

Bacteria use different responses to the selection pressure
against antibiotics, disinfectants and environmental
pollutants, as given below:

- a) Vertical transfer of resistant mutant genes: The
large numbers of bacterial cells in a population and
the short generation times facilitate the development
of mutants.

- b) Resistance gene mobility due to horizontal gene
transfer (HGT): HGT is the process by which bacteria
acquire genes from other donor bacteria present in
the nearby environment through processes such as
conjugation, transduction or transformation. As many
of the known antibiotic resistance genes are found
on transposons, integrons or plasmids, which can be
mobilised and transferred to other bacteria of the same
or different species, there is evidence of the transfer
of resistance elements between the pathogens and
commensal and harmless environmental bacteria.

« ) Regularity genes: e.g., mar regulon and SoxRS
regulon of E. coli and Salmonella enterica.

- d) Biofilm growth: Bacteria can encase themselves in
a hydrated matrix of polysaccharides and proteins,
forming a slimy layer known as a biofilm by adhering to
many surfaces/tissues. Biofilm formation is important
because this mode of growth is associated with the
chronic nature of the subsequent infections, and their
inherent resistance to antibiotic chemotherapy. Even
sensitive bacteria that do not have a known genetic
basis for resistance can profoundly reduce their
susceptibility when they form a biofilm. There are three
main prevalent hypotheses of resistance to antibiotics
in bacterial biofilms®.

«  The possibility of slow or incomplete penetration of
the antibiotic into the biofilm.

«  An altered chemical microenvironment within the
biofilm, e.g., anaerobic niches in the deeper layers
of the biofilm.

«  The subpopulation of microbes in a biofilm forms a
unique, and highly protected, phenotypic state — a
cell differentiation similar to spore formation.

. e) Three main intrinsic mechanisms for antibiotic
resistance are: (i) inactivation of the antibiotic, (i)
efflux of the antibiotic, and (jii) modification of the
susceptible molecular drug targets.

The Anthropogenic Side of Resistance

There are many human-related activities including abuse
of antibiotics in medical, veterinary as well as in agriculture
settings, which also spill over to the environment and
continuously put selection pressure on the bacteria. The
important factors for increasing resistance levels include:

In Medical Settings:

«  Suboptimal use of antimicrobials for prophylaxis and
treatment of infections.
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«  Non-compliance with infection-control practices.

+  Prolonged hospitalization, increased number and
duration of stays in intensive care units.

+  Multiple co-morbidities in hospitalised patients.

« Increased use of invasive devices and catheters.

. Ineffective infection-control practices, transfer of
colonised patients from hospital to hospital.

»  Grouping of colonised patients in long-term care
facilities.

«  Lack of stewardship.

« Lack of public awareness.

+ Increasing national and international travel.

In Veterinary, Agricultural and Environmental Settings:

+  Many of the antibiotics that are used to treat human
pathogens are also used to treat diseases in animals.

«  Farm-wide administration of prophylactic antibiotics in
feed and water to animals as growth promoters.

+  Use of antibiotics in intensive aquaculture practices.

+  Antibiotics applied in animal farming and aquaculture
operations can leach into waterways and groundwater
sources.

« Antibiotics sprayed on plants can drift aerially and can
contaminate the nearby environment.

«  Use of other disinfectant and pesticides in household
chores are also posing a great selection pressure on
microbes.

Antibiotic Resistance Control Strategies

Antibiotic resistance is a stark reality across the globe
and the challenges associated with controlling antibiotic
resistance are multifaceted. The problem of antibiotic
resistance is an urgent need of the hour because the
antibiotic development pipeline has been drying out in
recent years as a result of the innovation gap and a lack
of economic interest in this market. Hence, strategies to
achieve the judicious use of antibiotics and to address
the challenges must be devised and communicated
strategically. A strong antibiotic stewardship is needed and
should be part of the “One Health” movement. As per the
Food and Agriculture Organization of the United Nations
(FAO), (q) improvement in awareness on antimicrobial
resistance and related threats, (b) development of
capacity for surveillance and monitoring of antimicrobial
resistance and antimicrobial use in food and agriculture,
(c) strengthening of governance related to antimicrobial
use and antimicrobial resistance in food and agriculture;
and (d) promotion of good practices in food and agriculture
systems and the prudent use of antimicrobials, are the four
main focus areas of the FAO Action Plan on Antimicrobial
Resistance®. Some of the other antimicrobial resistance
control strategies are described below:

Technological Advancements:

«  The prediction of antibiotic resistance can be markedly
improved by including a broader analysis of bacterial
fitness, cross-resistance, infection dynamics, horizontal
gene transfer and other related factors.

+ Use of modern molecular-based rapid surveillance
of the drug resistance of indicator microorganisms
in humans, animals and environmental settings. For
example,

« In Denmark, the Danish Program for surveillance
of antimicrobial consumption and resistance
in bacteria from animals, food, and humans
(DANMAP).
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. In Canada, the Canadian Integrated Program for
Antimicrobial Resistance Surveillance (CIPARS)S.
+ Implementation of an updated paradigm for assessing
the evolution of resistance during the development of
new antibiotics.

In Medical Settings:

+ Antibiotic stewardship by implementing robust
surveillance system for prescriptions.

+ Proper antibiotic dosage, period of administration
and withdrawal period needs to be re-evaluated and
rationally defined.

» Education and re-education of physicians about the
long-term consequences of antibiotic over-usage.

+  Hygienic measures should be implemented in hospitals to
reduce the spread of infections, such as hand-washing,
isolation rooms, and use of sterile gloves, gowns, etc.

+ Implementation of vaccination programme for disease
prevention.

» Renewed emphasis on investments into research for
finding alternate, safe, cost-effective, and innovative
strategies to combat AMR.

«  Encouragement of alternatives of antibiotics in therapy
like probiotics, phage therapy, antimicrobial peptides,
herbal drugs etc.

* Education and public awareness campaigns for
providers and consumers.

In Veterinary and Agriculture Settings:

«  Limit the use of drugs in veterinary treatment, which are
commonly used in medical settings.

«  Strict regulations against the use of antibiotics as feed
additive and growth promoters.

+ Government should encourage antibiotic-free meat
production in animals.

«  Limit the use of antibiotics in agriculture and encourage
organic farm practices.

Conclusion

Antimicrobial resistance is a global and multi-sectoral
problem encompassing the interface between humans,
animals and the environment, and resistant micro-
organisms and genes do not recognise geographical or
ecological borders. Hence, the containment of antimicrobial
resistance requires a global multi-sectoral and
multidimensional “One Health” approach. The enlightened
national and global leadership is needed along with
sufficient technical capacity development at all different
policy levels. The comprehensive national and international
action plans put forth by the global agencies like FAO, WHO,
OIE should be strictly implemented by adhering to the “One
Health” strategy.
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