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Abstract
Resistant bacteria are increasingly more prevalent, more virulent, and more diverse. Their rise is a direct result of antibiotic use, regardless
of its form or necessity. These antibiotic resistant bacteria can infect both humans and animals, sometimes traveling from one to the other,
both within and across national borders. Resistance to antibiotics existed even before antibiotics were used throughout the world. However,
the misuse and overuse of antimicrobials is accelerating this process. The consequences of antimicrobial resistance include the failure to
successfully treat infections, leading to more severe or prolonged illness, death, production losses and negative consequences for livelihoods
and food security. The indirect impacts of antimicrobial resistance extend beyond health risks or reduced productivity, and include higher costs
for treatment and healthcare, and drain national and global economies. So, measures against antimicrobial resistance including improvement of
hygiene, infection control to prevent spread of resistant bacteria, development of new antimicrobials against which bacteria are not resistant,
improved conservation efforts to maintain the effectiveness should be taken.
Keywords: Antimicrobial resistance; Bacteria; Misuse; Mutation; Overuse

Abbreviations: AMR: Antimicrobial Resistance; DNA: deoxyribonucleic Acid; HGT: Horizontal Gene Transfer; HGT: Horizontal Transmission;
RNA: Ribonucleic Acid

Introduction
Antibiotics and other antimicrobial agents are widely used
in veterinary medicine for disease prevention and treatment in
animals, to contain disease spread, to prevent contamination of
the food chain, and to increase productivity [1]. Antibiotics either
are cytotoxic or cytostatic to the micro-organisms, allowing
the body’s natural defenses, such as the immune system, to
eliminate them. They often act by inhibiting the synthesis of a
bacterial cell, synthesis of proteins, deoxyribonucleic acid (DNA),
ribonucleic acid (RNA), by a membrane disorganizing agent, or
other specific actions [2]. Antibiotics may also enter the cell wall
of the bacteria by binding to them, using the energy-dependent
transport mechanisms in ribosomal sites, which subsequently
lead to the inhibition of the protein [2].
To combat against infections or microbes, undoubtedly
antibiotics are a blessing to human civilization that has saved
millions of people [3]. Multiple varieties of the antibiotics have
been used for therapeutic purposes over time [3]. Antibiotics
were seen as the ‘wonder drug’ in the mid-20th century [3].
At the time, there was an optimistic belief that communicable
disease was nearly coming to a complete halt [3]. The beginning
of modern “antibiotic era” was synonymously associated with
two names Alexander Fleming and Paul Ehrlich [4]. Antibiotics
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were considered a magic bullet that selectively targeted
microbes that were responsible for disease causation, but at the
same time would not affect the host. Fleming was the first who
cautioned about the potential resistance to penicillin if used too
little or for a too short period of treatment [4]. The period from
the 1950s to 1970s was thus considered as the golden era for the
discovery of novel antibiotics classes [5].

Millions of metric tons of newer classes of antibiotics have
been produced in last 60 years since its inception. Increased
demand for antibiotics across many sectors has allowed for
less expensive and off-label uses of drugs. Conversely, due to
the enormous and irresponsible use of the antibiotics, has
contributed significantly to the advent of the resistant strains
[6]. In the previous days, the production of new antibiotics
was directly proportional to the development of resistant
strains. However, the mainstream approach in fighting against
the diseases is now focused on the modification of existing
antibiotics to combat emerging and re-emerging resistance of
pathogens globally [5].
However, their wide use in humans and animals leads to
the emergence of antimicrobial resistance, a general term that
encompasses antibiotic resistance [7]. In September 2016,
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the United Nations recognized the global rise of antimicrobial
resistance as a threat to health and human development (UN,
2016).

Antimicrobial resistance (AMR) occurs when bacteria,
parasites, viruses and fungi become resistant to antimicrobial
drugs that are used for treating the infections they cause.
Every time an antimicrobial medicine is used, it diminishes
the effectiveness for all users, because its usage increases the
possibility for the bacteria to become resistant [7]. Resistance
against antibiotics (medicines used to prevent and treat bacterial
infections) is an urgent problem because antibiotics are a
cornerstone of modern medicine and most medicinal procedures
in human and animal health rely on functioning antibiotics [7].
It will increase infectious disease outbreaks, slowing down
livestock productivity and disrupting international trade [8].
And therefore the objectives of this seminar paper are to review
antibiotics resistance and its economic impacts.

Literature Review

Resistant bacteria are increasingly more prevalent,
more virulent, and more diverse. Their rise is a direct result
of antibiotic use, regardless of its form or necessity. These
antibiotic resistant bacteria can infect both humans and animals,
sometimes traveling from one to the other, both within and across
national borders [9]. The chances of antibiotic-resistant bacteria
prevailing in the race for survival are in direct proportion to the
volume of antibiotics used, a principle which makes it all the
more critical to examine current habits and encourage rational
and conservative use [9].
The use of antimicrobials in veterinary medicine creates a
selective pressure for the emergenceof antimicrobial resistant
bacteria, including animal pathogens, human pathogens that
have animalreservoirs and commensal bacteria from animals
[10]. The bacteria selected by this pressure can spread to
humans either by direct contact with animals or food products,
or indirectly via environmental pathways and/or non‐food
producing animals [10].

Types of Antibiotic Resistance

Resistance to antibiotics existed even before antibiotics were
used throughout the world. However, the misuse and overuse of
antimicrobials is accelerating this process [11]. In many places,
antibiotics are overused and misused in animals and people,
and often given without professional oversight [11]. Bacteria
can be naturally resistant to certain antimicrobial groups or
substances (intrinsic resistance), or they can obtain resistance
to antimicrobials through a variety of mechanisms, such as
mutation (acquired resistance) [12].

Intrinsic Resistance

Intrinsic resistance is mediated by chromosomal genes
[13] and is usually linked to physiological or anatomical
characteristics of the bacteria [14]. The vast majority of drug002

resistant organisms have instead emerged as a result of genetic
changes, acquired through mutation or transfer of genetic
material during the life of the micro-organisms, and subsequent
selection processes. Hence it is usually a trait shared by all
organisms within the same genus or species [13]. Resistance
to penicillin G expressed by most Gram-negative bacteria is a
common example [15], this is due to the complexity of its cell
wall with the presence of an outer membrane absent in Grampositive bacteria [14]. In addition to that all Gram-negative
bacteria are naturally resistant to vancomycin due to their cell
wall structure, which differs from Gram-positive cell walls [16].
However, this intrinsic form of resistance is not a major source
of concern for human and animal health.

Acquired Resistance

Acquired resistance involves a change in the organism’s
genetic composition via either mutation in the chromosomal
DNA or the acquisition of exogenous DNA [17]. Mutations occur
randomly at a low frequency, and the mutations can sometimes
result in advantageous characteristics that can be selected. For
example, mutation accumulation in quinolone targets in DNA
gyrase is the main mechanism against quinolone binding [17].
In other word mutational resistance develops as a result of
spontaneous mutation in a locus on the microbial chromosome
that controls susceptibility to a given antibiotic. The presence of
the drug serves as a selecting mechanism to suppress susceptible
micro-organisms and promote the growth of resistant mutants
(Figure 1). Spontaneous mutations are transmissible vertically
or horizontally.

Vertical Transmission

It includes spontaneous gene mutation and Induced gene
mutation. Chromosomal mutations are extremely rare (i.e. 10-7
to 10-9 frequency), but are very relevant to the development of
resistance in bacterial clones [13] (Table 1). Mutations can either
affect target or regulatory genes [13]. Target mutations occur in
structural genes that encode the specific targets of anti-microbial
action [13]. Single point mutations are the most commonly
observed once an antimicrobial substance is introduced [18],
such as that observed with quinolone and macrolide resistance
in Campylobacter spp [19].

Regulatory mutations usually affect gene expression
mechanisms and are difficult to predict as they can occur
spontaneously [13]. Unspecific efflux pumps, encoded at
chromosomal level and therefore genus-specific, can confer
multidrug resistance to unrelated antimicrobial substances [20].

Horizontal Transmission

It includes bacterial transformation, bacterial transduction,
bacterial conjugation. When genes from a cell are transferred
into another cell, independently of a reproductive event, this
is known as “horizontal gene transfer”(HGT) [20]. HGT occurs
through three main mechanisms:
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a) Transformation, the uptake of free DNA by a
“competent” bacterial cell
b) Transduction, the mobilization of bacterial DNA from
one bacterial cell to another by a bacteriophage (i.e. a virus)

c)
Conjugation, the mobilization of DNA from a donor
bacterium to a recipient bacterium, requiring physical
contact and conjugative machinery [20].

Mechanisms of Bacterial Resistance

Not surprisingly, bacteria have evolved sophisticated
mechanisms of drug resistance to avoid killing by antimicrobial
molecules, a process that has likely occurred over millions of
years of evolution [21]. Of note, resistance to one antimicrobial
class can usually be achieved through multiple biochemical
pathways, and one bacterial cell may be capable of using a cadre
of mechanisms of resistance to survive the effect of an antibiotic.
According to the biochemical route involved in resistance, as
follows:
a)

Modifications of the antimicrobial molecule

c)

Changes and/or bypass of target sites

b) Prevention to reach the antibiotic target (by decreasing
penetration or actively extruding the antimicrobial
compound)
d)

Resistance due to global cell adaptive processes [21].

Modifications of the Antibiotic Molecule

One of the most successful bacterial strategies to cope with
the presence of antibiotics is to produce enzymes that inactivate
the drug by adding specific chemical moieties to the compound
or that destroy the molecule itself, rendering the antibiotic
unable to interact with its target [21].

Chemical Alterations of the Antibiotic

The production of enzymes capable of introducing chemical
changes to the antimicrobial molecule is a well-known
mechanism of acquired antibiotic resistance in both gramnegative and gram-positive bacteria. Interestingly, most of the
antibiotics affected by these enzymatic modifications exert
their mechanism of action by inhibiting protein synthesis at
the ribosome level [22]. Many types of modifying enzymes have
been described, and the most frequent biochemical reactions
they catalyze include
a) Acetylation
streptogramins),

(aminoglycosides,

chloramphenicol,

b) Phosphorylation (aminoglycosides, chloramphenicol),
and iii) adenylation (aminoglycosides, lincosamides) [22].

Destruction of the Antibiotic Molecule

The main mechanism of β-lactam resistance relies on the
destruction of these compounds by the action of β- lactamases.
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These enzymes destroy the amide bond of the β-lactam ring,
rendering the antimicrobial ineffective. β-lactamases were
first described in the early 1940s, one year before penicillin
was introduced to the market, however, there is evidence of
their existence for millions of years [23]. Infections caused
by penicillin-resistant S. aureus became clinically relevant
after penicillin became widely available and the mechanism of
resistance was found to be a plasmid-encoded penicillinase that
was readily transmitted between S. aureus strains, resulting in
rapid dissemination of the resistance trait. In order to overcome
this problem, new β-lactam compounds with wider spectrum
of activity and less susceptibility to penicillinases (such as
ampicillin) were manufactured.

Decreased Antibiotic Penetration and Efflux

Decreased Permeability: Many of the antibiotics used in
clinical practice have intracellular bacterial targets or, in case of
gram-negative bacteria, located in the cytoplasmic membrane
(the inner membrane) [24]. Therefore, the compound must
penetrate the outer and/or cytoplasmic membrane in order
to exert its antimicrobial effect [24]. Bacteria have developed
mechanisms to prevent the antibiotic from reaching its
intracellular or periplasmic target by decreasing the uptake
of the antimicrobial molecule. This mechanism is particularly
important in gram-negative bacteria, limiting the influx of
substances from the external milieu. In fact, the outer membrane
acts as the first-line of defense against the penetration of
multiple toxic compounds, including several antimicrobial
agents. Hydrophilic molecules such as β-lactams, tetracyclines
and some fluoroquinolones are particularly affected by changes
in permeability of the outer membrane since they often use
water-filled diffusion channels known as porins to cross this
barrier [24]. The prime example of the efficiency of this natural
barrier is the fact that vancomycin, a glycopeptide antibiotic, is
not active against gram-negative organisms due to the lack of
penetration through the outer membrane [24].

Efflux pumps

The main resistance mechanisms is efflux pumps [25].Efflux
pumps decrease cellular drug accumulation because compounds
are pumped out of the inner membrane to the periplasmic space
or directly to the external medium [26]. Some efflux pumps are
capable of extruding many compounds, including detergents
and different antimicrobial classes [27]. In this context, in gramnegative bacteria, the resistance nodulation division (rnd) family
forms a protein tripartite complex with the inner membrane,
periplasmic space and outer membrane, forming an efficient
channel to extrude compounds [26,28]. In contrast, in grampositive bacteria, the main multidrug efflux pumps belong to the
multidrug and toxic compound extrusion (mate) family [28].

Changes in Target Sites

A common strategy for bacteria to develop antimicrobial
resistance is to avoid the action of the antibiotic by interfering
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with their target site [21].To achieve this, bacteria have evolved
different tactics, including protection of the target (avoiding
the antibiotic to reach its binding site) and modifications of
the target site that result in decreased affinity for the antibiotic
molecule [21].

Target Protection

Introducing modifications to the target site is one of the
most common mechanisms of antibiotic resistance in bacterial
pathogens affecting almost all families of antimicrobial
compounds [29]. These target changes may consist of
i)

Point mutations in the genes encoding the target site,

ii) Enzymatic alterations of the binding site (e.g. addition
of methyl groups), and/or
iii) Replacement or bypass of the original target. As
mentioned, regardless of the type of change, the final effect
is always the same, a decrease in the affinity of the antibiotic
for the target site [29].

Resistance due to Global Cell Adaptations

Through years of evolution, bacteria have developed
sophisticated mechanisms to cope with environmental stressors
and pressures in order to survive the most hostile environments,
including the human body [21]. Bacteria need to compete for
nutrients and avoid the attack of molecules produced by other
rival organisms in order to gain the “upper hand”. Inside a
particular host, bacterial organisms are constantly attacked by
the host’s immune system and in order establish themselves
in particular biological niches, it is crucial that they adapt
and cope with these stressful situations [21]. Thus, bacterial
pathogens have devised very complex mechanisms to avoid the
disruption of pivotal cellular process such as cell wall synthesis
and membrane homeostasis. Development of resistance to
daptomycin (DAP) and vancomycin (low-level in S. aureus) are
the most clinically relevant examples of resistance phenotypes
that are the result of a global cell adaptive response to the
antibacterial attack [21].

Risk Factor For Antibiotics Resistance

Antibiotics are used in food animals therapeutically to
treat disease and sub-therapeutically to increase production
performance, to increase efficiency in the use of feed for
growth or output, and to modify the nutrient composition of an
animal product relies on many methods of disease prevention
and treatment [30]. The therapeutic treatment of individual
sick animals with antibiotic drugs is often essential. It relieves
suffering and returns them to economic production. But the
non-therapeutic uses enabled the spread of infections on factory
farms to be controlled to an extent that had not been possible
before, and also unnaturally stimulated growth and productivity
[30].
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Sub-Therapeutic Doses Antibiotics
The risk of resistance increases if antibiotics are used at too
low a dosage (Sub-therapeutic doses) of antibiotics administered
over long periods of time to a large group of animals promote
natural selection for drug-resistant bacterial strains [31]. This
natural selection occurs when an antibiotic used to treat an
infection kills off the bacteria most susceptible to that antibiotic,
leaving behind the most resistant bacteria to multiply and
spread [31]. Antibiotic resistance will eventually occur because
of evolutionary natural selection, but the misuse and overuse
of antibiotics is dramatically escalating the process. When
antibiotics are used incorrectly in human or animal medicine for
too short a time, or too small a dose, at inadequate strengths,
or for the wrong disease-bacteria are not killed and can pass on
survival traits to even more bacteria. This results in stronger
infections, increased illness and even death [31].

Excessive Use of Antibiotics

Increasing resistance also comes from the excessive use
of antibiotics, including prolonged treatments of insufficient
strength to kill all the bacteria, which occurs commonly on
industrial animal farms [32]. Antibiotics are used in cattle,
poultry, swine and other food animals not only for disease
treatment in individuals, but also to stave off disease in entire
herds or flocks living in crowded, unsanitary conditions, as well
as for growth promotion and improving “feed efficiency” (i.e.,
the amount of feed it takes to produce a pound of animal). In
fact, up to 70 percent of all antibiotics produced in the U.S. are
given to food animals, not people [32].

According to the World Health Organization, “widespread
use of antimicrobials for disease control and growth promotion
in animals has been paralleled by an increase in resistance in
those bacteria (such as Salmonella and Campylobacter) that can
spread from animals, often through food, to cause infections
in humans (WHO, 2002).Staphylococcus aureusresistance to
penicillin and ampicillin was higher on farms that did not sending
milk samples for microbiological culture and susceptibility tests
[33]. The practice of dry cow treatment was identified as a risk
factor for S. aureus resistance to enrofloxacin [33].

Antibiotic Residues

The use of veterinary drugs in food-producing animals has the
potential to generate residues in animal derived products (meat,
milk, eggs and honey) and poses a health hazard to the consumer
[34]. There are many factors influencing the occurrence of
residues in animal products such as drug’s properties and their
pharmacokinetic characteristics, physicochemical or biological
processes of animals and their products. The most likely
reason for drug residues might be due to improper drug usage
and failure to keep the withdrawal period [34]. Concern over
antibiotic residues in food of animal origin occurs in two times;
one which produces potential threat to direct toxicity in human,
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second is whether the low levels of antibiotic exposure would
result in alteration of microflora, cause disease and the possible
development of resistant strains which cause failure of antibiotic
therapy in clinical situations. A withdrawal period is established
to safeguard human from exposure of antibiotic added food [35].

The withdrawal time is the time required for the residue of
toxicological concern to reach safe concentration as defined by
tolerance. It is the interval from the time an animal is removed
from medication until permitted time of slaughter [35]. Heavy
responsibility is placedon the veterinarian and livestock
producer to observe the period for a withdrawal of a drug prior
to slaughter to assure that illegal concentration of drug residue in
meat, milk and egg do not occur. If use of antibiotics is necessary
as in preventionand treatment of animal diseases, a withholding
period must be observed until the residues are negligible or no
longer detected [35].

Lack of Awareness and Storage Conditions of
Antibiotics

In some developing country the knowledge of the farmers
concerning antibiotics, withdrawal periods, and dosages was
found to be very low [36]. Moreover, the farmers depended
more on fellow farmers than veterinarians for antibiotic
knowledge, which resulted in the use of the same antibiotics
and similar handling practices among farms in close proximity
or within the same district [36]. Poor dosing practices, for
example, were common when an antibiotic failed to treat an
infection. In measuring out the antibiotics, the farmers lacked
adequate measuring instruments to mete out correct dosages
[36]. Different antibiotics were then tried and also abused till
the disease was treated. Because the farmers lacked adequate
knowledge in antibiotics, they hardly knew about the similarity
of different antibiotic brands with the same active ingredients;
thus, different antibiotic brands of the same active ingredient
would be used without improvement in the disease condition.
Consequently, errors in antibiotic handling and administration
were common among the farms [36].
The storage conditions of antibiotics also crucial. The storage
environments of the antibiotics were prone to temperature
fluctuations which hastens antibiotic decomposition, reducing
its concentrations and efficacy [36], thus promoting resistance in
exposed intestinal bacteria [37].The dumping sites of antibiotic
wastes, used antibiotic containers, and pig faeces inevitably
introduce antibiotics, resistance genes, and resistant bacteria
into the farm environment, especially, when resistant enteric
bacteria have been shown to possess the ability of transferring
their resistant genes to soil bacteria [36]. It could also further
pollute surface and ground water with antibiotics, resistance
genes, and resistant bacteria [38]. Furthermore, the antibiotics
could easily be accessed and abused in these storages sites, as
drugs intended for use in farm animals may be used in humans
voluntarily or involuntarily [36].
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Antibiotic Resistance can be Transmitted From
Animals to People
There are multiple sources of resistant micro-organisms,
both commensal and pathogenic [30]. Animals and their
faeces, food of animal origin that may have been contaminated
during processing, fruits or vegetables that may come from a
contaminated environment, contaminated water and humans
are common sources [30].

Handling pigs and poultry and working in a farm environment
puts people at risk of picking up resistant bacteria from the
animals’ bodies or their faeces. Studies in the Netherlands in
2001-2002 showed the same genetic patterns of resistance
in E. coli samples from turkeys and broiler chickens and their
farmers and slaughterers. Consumption of food contaminated
with resistant bacteria (for example, the potentially foodpoisoning Salmonella, Campylobacter and E coli) Contamination
of meat generally results from faecal material getting onto the
carcass during the slaughter and evisceration process (when the
animals’ guts are removed). Infected meat can also contaminate
other foods in domestic or restaurant/catering kitchens.

Controls of Antibiotics Resistance

There are a number of possible measures against
antimicrobial resistance including improvement of hygiene,
infection control to prevent spread of resistant bacteria,
development of new antimicrobials against which bacteria
are not resistant, improved conservation efforts to maintain
the effectiveness of new antimicrobials and of existing drugs.
prudent use of antimicrobials, improve sanitation and prevent
the spread of infection, promote new, rapid diagnostics to reduce
unnecessary use of antimicrobials and promote development
and use of vaccines and alternatives are key important to control
antibiotics resistance [39].

Responsible and Prudent use of Antimicrobials

The antibiotic usage in food animals is indeed becoming a
global issue associated with food safety and public health. All
countries in the world should use the antibiotics in food animals
more prudently and rationally. Prudent use of antimicrobials
is an integral part of good veterinary practices. It is an attitude
to maximise therapeutic efficacy and minimise selection of
resistant micro-organisms [39]. Prudent use of antimicrobials,
which is also referred to as “judicious use” or “antimicrobial
stewardship”, is the optimal selection of drug, dose and
duration of antimicrobial treatment, along with reduction of
the inappropriate and excessive use as a means of slowing the
emergence of antimicrobial resistance [40].
Prudent use of antimicrobials should lead to more rational
and targeted use, thereby maximising the therapeutic effect
and minimizing the development of AMR [39]. Taking into
account cross- and co-resistance, which mean that any exposure
to antimicrobials increases the occurrence of AMR, the final
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outcome of prudent use should be an overall reduction in the
use of antimicrobials, predominantly by limiting their use
only to situations where they are necessary [39]. In these
situations antimicrobials should be used as targeted treatment
and according to best practices, i.e. based on clinical diagnosis
and, whenever possible, on the results of microbiological
susceptibility tests, and using an antimicrobial agent of as
narrow-spectrum as possible [39].

Improve Sanitation and Prevent the Spread of Infection

To reduce our unnecessary use of antibiotics and limit the
impact of drug resistant infections, one of the most fundamental
steps that can be taken is to break the chain of transmission of
infections. By preventing infections from occurring, we reduce
the need for treatment and limit the opportunities for drug
resistant strains to develop. This principle applies both to human
and animal health [41].

Promote New, Rapid Diagnostics to Reduce
Unnecessary Use of Antimicrobials

Today, antibiotics are rarely prescribed based on a definitive
diagnosis. Diagnostic tests can show whether or not an
antibiotic is actually needed, and which one [39]. Having rapid,
low-cost, and readily available diagnostics is an essential part
of the solution to this urgent problem. Rapid diagnostics would
be able to reduce use of antibiotics by letting doctors know if a
patient has an infection and if this infection is viral or bacterial,
meaning that antibiotics will only be given out to patients who
need them [39]. In the future rapid diagnostics should be able
to test for resistance allowing doctors to give patients the most
appropriate available medicine for them [39]. This will not
only improve direct outcomes, but it can also stop transmission
rates by shortening the time that people are infectious for, and
improving infection control and will allow us to protect our most
valuable drugs by only using them when no other drugs will
work. The information garnered from rapid diagnostics, might
eventually allow doctors to improve treatment and infection
control to such an extent that this places negative selective
pressure on resistance pathogens, thus reducing resistance in
older drug [39].

Promote Development and Use of Vaccines And
Alternatives

Tackling antimicrobial resistance requires a wide range of
approaches and developing alternatives to antibiotics, in humans
and animals, is critical to the fight. Vaccines have a vital role to
play in combating drug resistance, by preventing infections in
the first place [39].

Improve Awareness and Understanding of
Antimicrobial Resistance

Increase national awareness on AMR through public
communication programmes and engaging mass media to
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reinforce key messages. Ensure engagement with whole of
society also very crucial.

Promote and support establishment of multisectoral (“One
Health”) coalitions to address AMR at local or national level,
and participate in such coalitions at regional and global levels.
Addressing the rising threat of AMR requires a holistic and
multisectoral (One Health) approach because antimicrobials
used to treat various infectious diseases in animals may be the
same or be similar to those used in humans. Resistant bacteria
arising either in animals, humans, or the environment may
spread from one to the other, and from one country to another.
While access to effective antimicrobials is a prerequisite for
productive and sustainable agriculture, in particular in relation
to animal husbandry, antibiotics have to be used with more
responsibility.

Economic Impacts of Antibiotics Resistance

The consequences of AMR include the failure to successfully
treat infections, leading to more severe or prolonged illness,
death, production losses and negative consequences for
livelihoods and food security. The indirect impacts of AMR
extend beyond health risks or reduced productivity, and include
higher costs for treatment and healthcare, and drain national
and global economies (conference. The health consequences
and economic costs of AMR are estimated at 10 million annual
human fatalities and a 2 to 3.5 percent decrease in global Gross
Domestic Product (GDP), or 100 trillion USD by 2050. Although
real consequences of AMR remain unpredictable Because of
higher disease incidence, these falls will affect low income
countries more severely, with a predicted rise of 6.2 to 18.7
million in the number of extremely poor people by 2030 [7].

Impact On the Owner of the Animal

Antibiotic resistance can also have an economic impact for
the owner of the animal. If treatment ‘at any cost’ is chosen,
this impact can be considerable. For example, [7] describe
treatment of a dog with MRSP bacteraemia and discospondylitis
with linezolid. The dog was treated for 23 weeks, and, using the
dose used in the case report and prices of Swedish pharmacies,
the cost for the antibiotic amounts to 176,000 Swedish crowns
(around US$25,600). Clearly, this cost would be prohibitive
for most owners. According to information from Pharmacy
checker online, prices in the US are much lower, but the cost
for the drug would still amount to US$1,500–4,800 [40-42].
Cost for additional visits, lab work, and other follow-up was
presumably also higher than in comparable cases with bacteria
that are susceptible to first-choice antibiotics [43]. In surgical
site infections in companion animals and horses, there is also
a possibility that the original problem does not resolve [43].
If the infection directly leads to the death of the animal, or if
euthanasia is chosen, there is a cost for the loss of life of the
animal [43]. This aspect is particularly relevant in, for example,
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service dogs where a lot of money has been invested in training,
in valuable breeding animals, and in some of the animals used
for sports. In the case of breeding animals, the broader effects
of loss of potentially valuable genetic material must also be
considered [43].

Impacts Related to Disease Outbreaks

Hospitals and clinics affected by outbreaks of multi-resistant
bacteria can also be impacted economically in several ways. The
costs following one outbreak of MRSA at an equine hospital in
Sweden, affecting eight horses, was estimated to 1.2 million
Swedish crowns (approximately US$170,000) [43]. The financial
impact of a more protracted outbreak of a multi-resistant
Salmonella Newport at a large animal hospital was estimated to
US$4.12 million [44]. Costs included in the estimate were loss of
revenue due to closure, decreased case load, decontamination,
reconstruction, and coverage of patient bills. In this outbreak,
61 animals were infected (54 horses), and the case fatality
rate was 36%. Thus, there was also a substantial loss for the
owners of the animals. Following the outbreak, a modified and
strengthened infection control programme was implemented
[43]. Costs that were not included in the estimates discussed
above and that should apply to all premises are investments in
continuously improved infection control and prevention and
increased laboratory diagnostics. Finally, the potential loss of
client confidence for premises experiencing outbreaks is difficult
to quantify but probably important [43].
For breeding farms and racing stables, costs similar to those
of an animal hospital may apply if an infection that is difficult
to treat is introduced and spreads [43]. In addition, veterinary
costs will probably be higher and there will be a cost for loss
of foals or horses not racing as planned, for example. Further,
bacteria such as MRSA spread between animals and humans,
and people who work with animals are at higher risk of being
MRSA-positive than people not working with animals [45]. This
means that MRSA carriage is an occupational hazard for people
working in animal clinics, hospitals, stud farms, or racing stables,
and employers are at risk of being sued if personnel have been
infected at work [43].

Negative Health Impacts

There are some evidence suggests that agricultural use of
antibiotics can have important negative health impacts in poor
countries. In developed countries, industrial agriculture is
considered to be the most important reservoir for antimicrobial
resistant Salmonella and Campylobacter; an increasingly
important reservoir for MRSA and an important but not
quantified reservoir for E.coli and enterococcal infections [46].
Human illness from pathogens acquired from direct or indirect
contact with animals and their waste or through consumption
of animal products [47]. In addition human illness from other
pathogens that have acquired copies of a resistance gene from
antibiotic resistant bacteria acquired from animals or animal
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products [47]. Resistance has developed to virtually all antiinfectious drugs used in agriculture. But while the impacts of
resistance to trypanocidal and anti-parasitic veterinary drugs
in developing countries are well documented, there is less
information on the impact of antibiotics resistance infections on
animal health [47].

Negative Impact on the Trade

Food products with higher than acceptable antibiotic
residues may be cause them to be rejected [48]. Currently this
mainly applies to food exported from developing countries,
especially aquaculture products (as regulations governing
residues are rarely enforced in domestic markets) [48]. For
example, antibiotic residues accounted for 28% of EU rejections
and 20% of US rejections of aquaculture with Vietnam, China,
Thailand, Bangladesh, and Indonesia most affected [48].
Since antibiotics resistance is on factor that cause antibiotics
resistance, this rejection of animal product is applied.

Status of Antibiotics Resistance in Ethiopia

Infectious diseases of bacterial origin are a major cause
of morbidity and mortality in developing countries such as
Ethiopia. To minimise such burdens, proper use of antibiotics
has played a vital role and saved countless lives. However, use
of antimicrobials as therapeutic agents is compromised by the
potential development of drug-resistant micro-organisms [49].
Currently, antimicrobial drug resistance has become a public
health concern both in developing and developed countries
[49]. Antimicrobial drug resistance is dramatically accelerated
when antimicrobials are misused. This is critical, especially
in developing countries where they are not only misused but
are often underused due to financial constraints. Although
large-scale studies on antimicrobial resistance in Ethiopia
have not yet been conducted, the available reports indicate a
trend towards increasing resistance rates among pathogens
such as Escherichia coli, Shigella spp, Salmonella spp. and
Staphylococcus aureus to commonly prescribed antibiotics,
including ampicillin, amoxicillin, penicillin, tetracycline and
trimethoprim/sulfamethoxazole [49].

In Ethiopia the control of drugs from the government
authorities and information on the actual rational drug use
pertaining to veterinary drug use is very limited. In addition,
misuses of drugs are common among the various sectors
including veterinary and public health [50]. In addition
there is lack of awareness and preparedness among the
controlling authorities and producers in dealing with the risk
of indiscriminate use of antibiotics to the livestock and to the
consumers [50]. Food animals slaughtered for domestic and
export purposes in the country are not screened for the presence
of residues in any of the slaughterhouses in the country [50].
No formal control mechanisms exist to protect the consumers
against the consumption of meat and milk products containing
harmful drug residues in the country [51].
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A cross-sectional study was conducted from October
2006 to May 2007 to estimate the proportion of tetracyclines
(oxytetracycline, tetracycline and doxycycline) levels in beef;
the study focused on the Addis Ababa, DebreZeit, and Nazareth
slaughterhouses. Out of the total 384 samples analyzed for
tetracycline residues, 71.3% had detectable oxytetracycline
levels. Among the meat samples collected from the Addis Ababa,
DebreZeit, and Nazareth slaughterhouses, 93.8%, 37.5%, and
82.1% tested positive for oxytetracycline [50]. The mean levels
of oxytetracycline in muscle from the three slaughterhouses
were as follows: Addis Ababa, 108.34µg/kg; Nazareth, 64.85µg/
kg; and DebreZeit, 15.916µg/kg. Regarding kidney samples,
oxytetracycline levels were found to be 99.02µg/ kg in Addis
Ababa, 109.35µg/kg in Nazareth, and 112.53µg/kg in DebreZeit.
About 48% of the edible tissues had oxytetracycline levels above
the recommended maximum limits [50-61].

Conclusion

Generally the development and spread of antibiotics resistance
is commonly due to overuse, misuse, and indiscriminate use of
antibiotics by doctors, nurses and pharmacists, non-compliance
and self-medication by patients and use in animal Husbandry
and agriculture. It results in economic lose and health problems.
Veterinary Services including veterinarians and veterinary
paraprofessionals have a key part to play in the fight against
antimicrobial resistance, through their role in regulating and
supervising the use of antimicrobials, offering professional
advice to farmers and animal owners and collaborating with the
human health sector [51-61].
Based on the above conclusion
recommendations are forwarded:

the

following

a) To continue to progress in disease control management
and in improving animal welfare is very important rather
than use of antibiotics.

b) Veterinarians need to encourage and achieve a
sustainable change in behaviour towards a responsible and
prudent antimicrobial use.

c)
Professionals should recognize the fundamental
threat of antimicrobial resistance and has been working
with animal healthcare providers to change the nature of
antibiotic treatment.
d) Improvement of awareness and understanding of
antimicrobial resistance through effective communication,
education and training should be performed.
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