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Introduction

Antibiotic Resistant Bacteria (ARB) occurrence and spread
is causing problems related to public health all over the world
and therefore is a reason of concern for the public [1]. Bacte-
ria inherit resistance or develop resistance to some antibiotics
through spontaneous mutation or incorporation of resistant
genes [2]. Which are normally associated with mobile elements
such as integrons, transposons and plasmids.

Most common and easiest way for bacteria to develop resis-
tance for antibiotics in both environment and host is incorpora-
tion of resistant gene through the process of horizontal gene
transfer [3]. In this process, the genetic material is incorporated
by an organism from another organism without being its prog-
eny [4]. The main biochemical mechanisms of antibiotic resis-
tance involves inactivation of antibiotics, changes in membrane
permeability, modification of antibiotic target molecule or sur-
vival by alternative “bypass” metabolic pathway [5].

Environmental consequences due to excessive use and re-
lease of antibiotics from various sources [6] such as human and
animal wastes, surface waters receiving lands runoff, polluted
estuaries [7], contaminated water supplies, human sewage [8]

o

and medicine industries [9] favours the development of resis-
tance for antibiotics in coliform and fecal coliform populations.

Moreover, the surplus antibiotic use has led progressive ad-
aptation of bacteria to combat powerful drugs. Bacterial strains
that are resistant for antibiotics spread in the environment
through air as well as water and may affect human health. Col-
lection of all genes that directly or indirectly imparts antibiotic
resistance is known as environmental resistome [10]. Various
studies provide evidence for existence of resistome in environ-
mental strains for example, class A B-lactamases have been es-
timated to evolve approximately 3.4 billion years ago. Environ-
mental reservoirs of resistance genes “Resistome” are changing
due to anthropogenic activities and increasing the possibility of
resistance genes development into pathogens which are clini-
cally important. Several antibiotic resistance genes have been
detected from natural water bodies as well as affluent samples
as shown in table-1.
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Table 1: Antibiotic Resistance Genes from Environmental Sources.

Antibiotic resistance Antibiotic resistance genes Source of isolation
Tetracycline resistance genes tetC, tetH, tetM, tetO, tetQ, lagoons and groundwater
tetW ,tetz
Tetracycline resistance genes tetA drinking water samples
Ciprofloxacin resistance gene = gyrA drinking water samples
Methicillin resistance gene mecA drinking water samples
Macrolide resistance mef A Groundwater
Ampicillin resistance ampC artificial recharge systems of groundwater
Vancomycin resistance vanA municipal wastewater

Koike et al [11], Soge et al [12], Volkmann et al [13], Bockelmann et al [14]

Antibiotics

Antibiotics are the compounds produced by microorganisms
and capable of inhibiting bacterial growth. Synthetic or semi-
synthetic drugs used in treatment of bacterial infections are
also termed antibiotics.

An antibiotic inhibits certain essential processes of bacterial
cells or metabolism. Recognition of target site and the antibi-
otic concentration at target is important for achieving efficient
inhibition of bacterial activity [15]. Antibiotics are classified into
five major classes on basis of their mode of action shown in
(Figure 1).

Anti-metabolites
(Sulfa drugs)

Cell wall inhibitors Class of Protein synthesis inhibitors
(Penicillin, Vancomycin) Antibiotics (Aminoglycoside)

[ Damage cell membrane (Polymyxin

B, Gramicidin, Daptomycin

HMucleic acid synthesis inhibitors
(Flueroquinelones, Eifampin)

Figure 1: Classes of antibiotics on basis of their mode of action.

Antibiotic resistant bacterial pathogens

The use of antimicrobial agents has lead to more efficient
treatment processes against various diseases but has simulta-
neously also lead to the emergence of new threat to the world.
Studies have shown that the use of antibiotics have lead to
emergence of antibiotic resistant bacterial pathogens. Antibi-
otic resistance is a form of drug resistance where microorgan-
isms usually species of bacteria are able to survive even after
exposing them to one or more antibiotics. Multiple antibiotic
resistant pathogens are termed as Multidrug Resistant (MDR)
or superbugs [16]. Which carry several resistant genes.

Global emergence of antibiotic resistant bacteria and the re-
sistant genes has become a major health issue [17]. Resistance
to antibiotics has lead to higher morbidity, mortality and has
imposed huge cost on the society [18]. Over the years, develop-
ment of resistance to one or more clinical antibiotics has been
reported in nearly every bacterial pathogen [19]. Extended
Spectrum Beta-Lactamase (ESBL), Multidrug-Resistant A. Bau-
mannii (MRAB), Vancomycin-Resistant S. aureus (VRSA), Vanco-
mycin-Intermediate S. aureus (VISA), and Vancomycin-Resistant
Enterococcus (VRE) are the most commonly used acronyms for
describing the causative agents or the infection.

Antibiotic resistance genes (ARG)

Several studies reported that the resistance genes obtained
from human pathogens have distinct functions in their original
host [20,21]. It has been assumed that microorganisms produc-
ing antibiotics does not have its activity on them but may func-
tion as a resistance genes when transferred to human patho-
gens. It had been also observed that some genes do not show
resistance in the hosts when expressed in low level but can con-
fer resistance when found in plasmids with high copy number,
also strong promoter increases their expression [22]. Gene not
developing in its original host for conferring resistance can be
appropriate for showing resistance once it is transmitted to hu-
man pathogen [23]. Depending on the specificity of substrates,
an efflux pump or an enzyme confers resistance to antibiotics.

Human Pathogens Have Gained Resistance Genes from Envi-
ronmental Bacteria

Plasmid studies of pre and post antibiotic periods have shown
that resistance genes which were initially absent in human
pathogens are acquired by bacteria [24]. The Shewanella algae,
carries quinolone resistance genes (qnrA) on its chromosome
and blaCTX-M from Kluyvera [25] this provides the confirma-
tion that human pathogens have gained resistance genes from
environment bacteria. Resistant bacteria in animals enter into
the environment by excretion and secretion of materials such
as milk, urine, saliva, semen, faeces etc. Most common human
pathogens such as Enterobacter faecium, other Enterobacter
species, Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus and Acinetobacter bauman-
nii have shown resistance to antibiotics [26]. More than 80%
species of Shigella, Salmonella and Campylobacter have shown
resistance to trimethoprim-sulfamethoxazole [27].

Acinetobacter, a gram negative bacteria have been reported
to be most resistant bacteria to control and treat [28]. A. bau-
mannii have been considered multi-drug resistant bacteria pos-
sessing all resistance mechanisms. Most resistance genes which
have been obtained from Salmonella sp., Pseudomonas sp. and
E. coli and mobile gene elements have been detected in chro-
mosome of A. baumannii [29].

Drug resistance in pathogens during therapies

Disease causing agents have now developed resistance to
the antibiotics used in therapies [30]. There are several reports
available in history providing evidence for initial development of
drug resistant strains soon after the drug introduction for treat-
ment. These involve streptomycin resistant Mycobacterium tu-
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berculosis [31], Multiple Drug Resistant (MDR) enteric bacteria
such as E. coli, Shigella and Salmonella [32], ampicillin resis-
tant Haemophilus influenza as well as Neisseria gonorrhoeae,
chloramphenicol and tetracycline resistant Haemophilus. Such
resistant strains not only possess severe clinical problems but
also cost lives especially in developing countries. MDR enteric
disease agents such as Vibrio cholerae, Salmonella enteritidis
and Shigella flexneri pose a threat on public health in develop-
ing countries [33]. Even in developed countries like United King-
dom and United States, 40-60% strains of noscomial S. aureus
are methicillin resistant and are also MDR. Several resistances
for antibiotics in bacteria are documented in (Table 2).

Table 2: Antibiotic Resistance in Enteric Pathogens Determined by Disc
Diffusion.

Bacteria

Resistance for antibiotics

Aeromona sp.

Erythromycin, Penicillin, Vancomycin

Bacillus sp.

Penicillin, Erythromycin

Campylobacter sp.

Ampicillin, Erythromycin

Corynebacterium

Penicillin, Vancomycin

Clostridium difficile

Clindamycin, Ciprofloxacin, Levofloxacin.

Enterococcus sp.

Penicillin, Cotrimoxazole

E. coli

Ampicillin, Ciprofloxacin, Nalidixic acid,

Tetracycline, Chloramphenicol, Streptomycin,
Co-trimoxazole, Gentamycin, Trimethoprin/
Sulphamethoxazole, Norfloxacin,

Klebsiella pneumonia Carbapenem

Lactobacillus sp. Chloramphenicol, Cotrimoxazole, Penicillin,

Vancomycin

Salmonella typhi and S.
paratyphi A

Ciprofloxacin

Shigella sp. Sulfonamide, Tetracycline, Chloramphenicol,
Ampicillin, Streptomycin, Trimethoprin/ Sul-

phamethoxazole

Cefotaxime, Erythromycin, Chloramphenicol,
Trimethoprim/ Sulphamethoxazole

Streptococcus pneu-
monia

Vibrio cholerae Chloramphenicol, Nalidixic acid, Trimethoprin/

Sulphamethoxazole.

Sharma and Thapaliya [34], Michaud et al. [35], Alzahrani and Gh-
erbawy [36], Sang et al. [37], Arnold et al. [38], Kapil et al. [39], Sang et
al. [40], Lalitha et al. [41]

Development of antibiotic resistance

Resistance for antibiotics can develop by mutations [42] or
by procurement of resistant genes through Horizontal Gene
Transfer (HGT) [43]. The acquisition of a resistant gene via hori-
zontal gene transfer is the most common and the easiest way
for bacteria to develop resistance for antibiotics both in the
host and environment [44].

Mutation in target coding genes and proteins activating pre-
antibiotics may confer resistance. Resistance genes are devel-
oped when directly transferred to all bacterial progeny through
DNA Replication is termed as vertical gene transfer or vertical
evolution. These mechanisms are considered passive mecha-
nism of resistance and do not affect the active antibiotic resis-
tance mechanism.

Active resistance, the major mechanism of antimicrobial re-
sistance, is the result of an evolutionary pressure to develop a
mechanism against an antimicrobial agent so that the bacterial
populations formerly sensitive to antimicrobials can become
resistant. This type of resistance results from changes in the
bacterial genome. Microorganisms exhibit resistance to antimi-
crobials through drug inactivation or modification, alteration of
target site, alteration of metabolic pathway and reduced drug
accumulation [5]. Major process responsible for spread of ac-
quired resistance through mutation is by horizontal gene trans-
fer or by clonal expansion [45].

Lateral or Horizontal Gene Transfer (HGT) is a process where
genetic material can be transferred between bacteria of the
same or different species [46]. Genetic exchange in bacteria
through HGT can occur through three processes which include
transduction, transformation or conjugation.

Multidrug resistance (MDR) in drinking water

Multidrug resistance cases and deaths of typhoid fever due
to municipal water consumption were reported in Tajikistan
[47]. Also infections due to multidrug resistant Salmonella typhi
were reported in Nepal due to consumption of non-chlorinated
water. Infections can only be controlled or eliminated when safe
drinking water is provided to the public [48]. Heavy metals also
generate a common source of antibiotic Resistance bacteria in
small numbers [49].

The MDR in drinking water is a main concern in both de-
veloped and developing countries as this is a major route for
bacterial transmission to the people. Excessive use of antibiot-
ics has resulted in development of resistant bacteria or gene,
which spread between humans throughout the world such as
New Delhi metallo-beta-lactamase-1 (NDM-1) resistance [50].
The NDM-1 gene present in chlorinated municipal drinking wa-
ter in India is @ major health concern [51]. This gene has been
identified in pathogenic bacteria such as Shigella boydii, V. Chol-
era and A. caviae and show resistance for all types of B-lactams,
including carbapenems. It coexists with vectors, which transfers
genes, transmits rapid and simultaneous resistance to impor-
tant clinical antibiotics and thus is of major concern to public
health.

Incomplete metabolism of antibiotics in humans or disposal
of unused antibiotics results in release of antibiotics in large
amounts into municipal wastewater, which finally enters into
natural environment compartments [52]. Antibiotic resistance
genes and resistant bacteria are released into streams through
wastewater effluents [53], where these ARGs rebound during
sequential procedure for treatment.

Main causes of development of antibiotic resistance in bac-
teria

Overuse and widespread use of antibiotics (evolutionary
pressure) has resulted in bacteria to become more resistant.
Improper clinical practices and procedures followed during
drug treatment, selling of antibiotics without prescription and
unsound practices in pharmaceutical manufacturing industry
contribute in creating antibiotic resistant strains [54].

Antibiotics are useless against viruses but are most common-
ly prescribed for common cold. It has been observed that poor
hand hygiene by hospital staff is associated with spread of re-
sistance in organisms [55] as decrease in rate of AR resistant or-
ganisms had been observed with increase in hand washing [56].
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In United States, in the year 1997, of the total antibiotics
used half was used in animals and half in humans however in
year 2013, up to 80% of antibiotics are used mainly for animals
[57]. Fluoroquinolones, macrolides and cephalosporin is of gen-
eration third and fourth requires urgent risk management for
their usage in food animals [58].

Industrialization of antibiotic production has increased the
abundance of resistance genes. Antibiotics up to millions of
tones have been released into the environment due to indus-
trialization through wastewater effluent, aquaculture, land ap-
plication of animal wastes and crop disease treatment. Certain
drug making centres have been identified as “hot spots” that
release antibiotics, antibiotic resistant bacteria as well as anti-
biotic resistance genes in high levels into ground, surface and
drinking water. In sewage sludge and treated effluents, antibiot-
ics concentration ranges from ng/uL to pg/L. Minimum inhibi-
tory concentration of antibiotics in range of mg/L has been de-
tected in treated wastewater from drug manufacturing [59] and
pg/L range in untreated hospital effluents. Hospital effluents
and wastewater treatment are “hot spots” for enhancement
and transference of resistant bacteria [60].

Antibiotics use for raising food animals at high density have
drawn special attention towards many public health agencies
due to increase in resistance and decrease in water quality.
Some antibiotics like penicillin and tetracycline are used in both
humans and animals. Antibiotics are used for therapeutic, pro-
phylactic, metaphylactic and for growth promotion. As upto 70
percent of antibiotics are provided to animals in farms not for
treating disease but to promote growth [61]. Use of antibiotics
in aquaculture has resulted in increase in food production and
treatment of fish infection by adding antibiotics directly in wa-
ter resulting in decrease in water quality.

It was stated early that antibiotics have suppressive role in
natural ecosystems [62]. Several studies have suggested that
antibiotics at low concentrations in natural ecosystems may
have other functions such as cell to cell signaling and not neces-
sarily related with killing of competitors [63]. There has been
evident reports which highlights the role of genes acquired by
human pathogens are behaving as resistance genes but have
different functions initially in their original hosts. The antibiotic
production and their release in the environment at high levels
might have resulted in change in their functional role.

Controlling environmental antibiotic resistant genes (ARGs)
and antibiotic resistant bacteria (ARB)

Antibiotics have been used as growth promoters for animal
production. However, limiting their use for this purpose would
directly help in controlling environment ARGs and ARB. Erythro-
mycin resistance in Enterococcus faecium was decreased upto
47% from 90% in pigs, 13% from 76% in danish broiler chickens
during 1997-2000 period demonstrating the role of regulations
in reversing the resistance for antibiotics in food animals [64].
Good nutrition and low density of animals, immunization of ani-
mals in farms and fishes with low cost vaccines would further
limit the need for antibiotics. In Norway Salmon vaccines were
adopted between 1987 and 2007 which resulted in reduction
of upto 99% use of antimicrobial agents and rise in production
of fishes [65]. Control on antibiotics usage in medical and agri-
culture will reduce the AR genes spread in environment. Ban on
certain antibiotics in Scandinavia has led to lower prevalence
of antibiotic resistance in populations of animal bacteria [66].
According to World Health Organization (2013) anti-microbial

resistance is a complicated problem which is controlled by sev-
eral interconnected factors therefore coordinated action are
required to control them. Local surveillance data on occurrence
and antibiotic type used, ARB and ARG in aquatic systems and
soil related disease information will help in risk assessment
and management [67]. Risk management approach should
be followed to minimize resistant bacteria in animal facilities
and aquaculture. Manure digestion and composting methods
should be used for degradation of residual antibiotics in animal
manure [68]. Role of natural environment in transmission of an-
tibiotic resistance must be considered especially in transmission
to human pathogens.

The World Health Organization (WHO) considers AR to be
the greatest threat to the development, food security and glob-
al health and thus management of this problem is on a high
priority worldwide. A global action plan was formulated for
the effective prevention and treatment of infectious diseases
using safe and effective remedies with five strategic objectives
by the WHO .These objectives include the spread of proper un-
derstanding about antimicrobial resistance and to improve re-
search and surveillance at all levels with sustainable investment
and global support [69].

As a global challenge for world health the economic burden
on all the countries on the issue have been realized by World
Economic Forum [70] and World Bank [71] with the report stat-
ing a potential economic impact on GDP and a threat to our
economic future.

Conclusion

The understanding of the extensive spread of antibiotic re-
sistance in pathogenic bacteria and the resulting ineffectively
of treatments procedures, subsequent death toll and economic
considerations is a matter of urgent concern and action. All the
stakeholders who are directly or indirectly involved in manufac-
ture and use of antibiotics for human or animal must take out-
most caution and care while managing antibiotics with optimal
use and appropriate disposal.
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