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INTRODUCTION

The consumption of antibiotics in food animals worldwide
was estimated at above 63,000 tons in 2010 (Kumar) and
this figure is expected to increase to over 106,000 tons by
2030 if effective regulatory measures are not taken

Despite all efforts and resources channelled towards the fight against
Antimicrobial Resistance (AMR), it manages to remain one of the top public
health challenges of the 21st century. It is almost as if the problem itself has
developed resistance. Numerous researches have been conducted to unravel
its persistence and seek ways to reduce or eradicate AMR. This has increased
awareness and emphasized the urgency to which effective measures have to
be taken to alleviate AMR. Among the factors discovered to contribute to this
menace is the use of antibiotics in livestock/animal rearing. It has come to
light that most antibiotics used in animal rearing are done with little or no
expert consultation and some of these antimicrobials are available over the
counter in many countries. Lack of awareness, unavailability of agricultural
extension services, inadequate instructions supplied by manufacturers, and
the need for profit by animal rearers culminates in the irrational use of
antibiotics. To solve this problem, the decision for antimicrobial use in
livestock production should primarily lie with veterinarians or agricultural
workers who can effectively diagnose diseases in such animals and
recommend the appropriate treatment, dose, and treatment duration.
Proper control of drug use by regulatory authorities and agricultural
workers, observation of the prescribed withdrawal period for drugs,
educating local farmers, as well as monitoring the antibiotic residues, will go
a long way in curbing the menace of antibiotic resistance. This is what this
review addresses.

Keywords: Antimicrobial resistance, antibiotics, livestock, farm animals, growth
promoters

is expected to increase considerably due to the rising
number of animals used as food(Kimera et al., 2020), from
Indonesia (202%) and Nigeria (163%) to Vietnam (157%)
and Peru (160%), by 2030 (Anthony et al., 2016).

(Laxminarayan et al, 2015; Van Boeckel et al. 2015).In In 2018, the European Union’s average total

many developing countries, consumption of antimicrobials

consumption for antibiotics was 20.1 defined daily doses
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(DDD) per 1000 inhabitants per day(Control 2018). Data
from 76 countries show a 65% increase in global
consumption between 2000 and 2015 from 21.1-34.8
billion DDD (Klein et al., 2018). In Africa, the agricultural
sector uses up to 50% of antibiotics in farm animals for
treatment and prevention of diseases and the promotion of
animal health (Darwish et al, 2013). In many of these
African countries, however, there is neither strict
regulation on antibiotic usage nor monitoring of
contamination in food derived from animals thus leading to
inadequate information on the looming menace (Manyi-Loh
etal, 2018).

Antibiotics are a class of drugs (compounds) with anti-
microbial activity (Cheesman et al, 2017). They occur
naturally or are synthesised in the laboratory; and are used
to treat or prevent diseases in animals and man, and to
promote growth in food animals (Phillips et al, 2004).
Antibiotics play a vital role in the prevention and reduction
of the effect of communicable diseases in the world
(Adedeji, 2016). This beneficial effect is affected by
resistant organisms which threaten the effectiveness of
treatment with these antibiotics (Llor and Bjerrum, 2014;
Ventola, 2015). The antimicrobial quality of antibiotics is
what enables them to Kkill or affect microbial growth
(Darwish et al,, 2013). Antibiotics are no doubt important
drugs, and their proper use for the treatment of diseases or
as food additives may not have been a problem but rather
the irrational use which is the centre of the cause of
antibiotic resistance (Moyane et al., 2013). The discovery of
antibiotics more than eight decades ago has changed the
world by changing the way infections are treated. The
diseases that used to be fatal are now easily managed with
antibiotics. However, today, the effectiveness of existing
antibiotics is decreasing and the development of new ones
is decreasing (Rolain et al., 2016). Between 1930 and 1960
more than a dozen classes of antibiotics were developed
compared to only two classes from 1960 to 2000 (Coates et
al,, 2011).

The issue of antibiotic resistance is a phenomenon of
growing concern among the public and experts (Lammie
and Hughes, 2016) and the absence of novel antibiotics to
treat the emerging infections caused by the resistant
pathogens has raised public apprehension (Prestinaci et al,,
2015). It dates as far back as the 1940s with the first
incidence being noted in 1963 when an increase was
observed in the level of resistance of a strain of Salmonella
typhimurium in the United Kingdom (Singer et al., 2003;
Economou and Gousia, 2015). It is simply the adaptation of
microorganisms to antimicrobial agents (Kndppel et al,
2017). This adaptation has become successful over the last
decades and it has become almost impossible to treat
certain bacterial infections with antibiotics (Li and
Webster, 2018).

Antibiotic resistance has been attributed to several
factors (Dadgostar, 2019). These include the abuse/ misuse
of antibiotics (Arason and Sigurdsson, 2010; English and
Gaur, 2010; Li 2014; Shallcross and Davies, 2014),
counterfeit/fake antibiotics (Kelesidis et al., 2007; Kelesidis
et al, 2007; Kelesidis and Falagas, 2015) and the

indiscriminate use of alternative medicine/herbs (Vadhana
et al, 2015). Furthermore, microorganisms and their
resistant strains travel fast and wide around the globe, this
has further complicated the issue of antibiotics resistance
as the movement of people from one region to another can
transfer such genes nationally and internationally (Fair and
Tor, 2014). Global food distribution also plays a role in the
movement of resistant bacteria (Founou et al., 2016). The
above factors and the indiscriminate use of antibiotics in
livestock which is elaborately discussed in this article has
culminated in the antibiotic resistance pandemic (Manyi-
Loh etal., 2018).

The problem of resistance is believed to be ecological and
depicts an imbalance in bacterial populations between
sensitivity and resistance (Levy, 1997; Marshall and Levy,
2011). The bacteria are altered in their ability to withstand
the antibiotic and also how it interacts with the
environment and the host (Martinez and Baquero, 2002;
Kraemer et al., 2019). Variations in the genetics of bacterial
populations may render antibiotics ineffective due to
mutational activity by organisms that produce a mutated
strain and may possess survival property (Landers et al,
2012). To reduce the emergence of resistant bacteria, it is
important to understand the mechanism of resistance, the
rate at which new variants develop, and the effect of
resistance on the life cycle of the bacteria (Andersson,
2003; Davies and Davies, 2010). The conditions needed for
antibiotic resistance to develop in bacteria are; there must
be contact between the organism and the antibiotic, and
secondly, the resistance must develop along with the
mechanism of transfer to sub-species (Peterson and Kaur,
2018). Since the mode of action of antibiotics is specific,
when the resistance emerges, it is also specific to the
particular antibiotic. Researchers suggest that if the use of
antibiotics is stopped the imbalance between the sensitivity
and the resistance will be re-established (Davies and
Davies, 2010; Lupo et al,, 2012).

In Africa, livestock production and trade represent
approximately 30% of the agricultural gross domestic
product and about 10% of the total gross domestic product.
Its socioeconomic importance cannot be undermined as a
huge proportion of the population are farmers and between
250-300 million Africans rely on livestock as a source of
income and food (Van et al,, 2020). The true extent of the
problem of antibiotic resistance in Africa is hampered by
unavailability or incomplete data from some countries, this
makes it difficult to get a clear picture of the problem
(Aslam et al.,, 2018). In a review of antibiotic resistance in
Africa, more than 40% of the African countries did not have
data on antibiotic resistance (Tadesse et al., 2017). Lack of
adequate equipment to detect resistant strains of
antibiotics and to differentiate between viral and bacterial
infections also hinders the combating of antibiotic
resistance (van Belkum et al., 2019). Despite this challenge,
available data suggest that antibiotic resistance in Africa
share the global trend of increasing emergence as seen in
reports on cholera, dysentery, malaria, meningitis,
gonorrhoea, tuberculosis, and HIV/AIDS (Mason et al,
1997; Abdullahi et al., 2015; Klein et al., 2018).



Asides from the clinical consequences of antibiotic
resistance, there are serious cost implications attributed to
this menace. Reports have shown that antibiotic resistance
accounts for more than 700,000 deaths each year globally
(Jasovsky et al., 2016). This number is expected to rise to an
estimated 10 million deaths annually with an implied cost
of about USD100 trillion per year by 2050 (Ajitha et al,,
2015; Founou et al., 2017; Tadesse et al.,, 2017). In Europe,
over 9 Billion Euros has been lost annually in the fight
against antimicrobial resistance (Llor and Bjerrum, 2014;
Prestinaci et al.,, 2015). In the United States, added to the
yearly 35 Billion USD in loss of productivity is an annual
healthcare cost excess of 20 billion USD which is attributed
to the management of antimicrobial resistance (CDC, 2013).

As new antibiotics are being developed over years, and
more resistance is showing, one would expect the issue to
be given a lot more attention. This is however not the case
in many parts of the world today, especially in developing
and underdeveloped Nations (Rousham et al, 2018;
Chokshi et al., 2019). If left unaddressed, the increase in
resistant microorganisms will threaten human and animal
lives and ultimately waste resources. A well-coordinated
plan is needed to ensure that life-saving drugs are available
for future generations (Lo and Thomas, 2018).

Antibiotic use in livestock and antimicrobial resistance

The agricultural use of antibiotics is reported to be a major
contributor to the development of resistant
microorganisms that cause life-threatening diseases in
humans (Lee et al, 2001). The extent of the impact of
antibiotic use in food animals and its clinical implication
remains unclear (Tang et al., 2019) but significant (Landers
et al, 2012). Antibiotic use in animals started shortly after
the use in humans for treatment and prevention of diseases
(Gustafson, 1993). Antibiotics are commonly used in animal
production to maintain health by preventing diseases and
increasing productivity, This practice has contributed
immensely to the spread of pathogens that are resistant to
antibiotics in both humans and animals leading to the
public health threat of antibiotics resistance (Martin et al.,
2015). This coupled with the limited novelty in research
and development on antibiotics, is taking the world back to
the early days when bacterial infections were a huge
problem (Silver, 2011; Jackson et al., 2018; Mantravadi et
al.,, 2019).

Food animals serve as hosts for resistant bacteria and
resistant genes that could spread to humans and thus
restrict the effectiveness of antibiotics (Witte 1998,
Aarestrup et al,, 2001). The use of antibiotics in animals can
have direct and indirect effects on humans. Direct effects
are caused by direct contact with Antibiotic-Resistant
Bacteria from food animals; while the indirect effects occur
as a result of contact with resistant organisms that have
transferred to other parts of the ecosystem (Landers et al,,
2012).

Decades of research carried out via observational studies,
case-control and random trials have revealed that the use
of antibiotics in food animals results in antibiotic resistance
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in humans (Landers et al., 2012). Singer et al. (2003) have
reported that the use of antibiotics as growth promoters,
for prophylaxis and treatment of diseases, has resulted in
the increase of resistance in these bacteria and the
emergence of new resistant bacteria found in humans and
animals. A European study conducted in seven countries
showed a strong correlation between the prevalence of
antibiotic-resistant strains of E.coli found in livestock and
the consumption of certain groups of antibiotics
(Chantziaras et al, 2014; Pormohammad et al, 2019).
Evidence from research has also shown that E. coli isolates
from Unitary tract infections (UTI) had identical features to
the E. coli found in animals (Lee et al., 2018) . Despite the
shortage of documented scientific evidence on resistance
induced by antibiotic use in livestock in the African region,
resistance to commonly available antibiotic drugs have
been found among several pathogenic species. Examples of
such cases include resistance in enteric bacterial pathogens
in children in suburban regions of central Kenya (Shah et
al, 2016) and Salmonella typhi resistance in eastern and
southern Africa (Wirth, 2015; Zishiri et al, 2016). The
presence of human and livestock-associated drug-resistant
Staphylococcus aureus has also been reportedly found in
milk products in Eastern and Western Africa (Jans et al,,
2017).

Resistance to Vibrio cholerae against co-trimoxazole was
reported between 2008-2011 in countries affected with the
cholera epidemic- a time during which the bacteria
develops resistance. Although the bacteria remained
sensitive to other antibiotics such as the cyclins and
quinolones (Mohammed et al., 2018). Similarly, 78% of 451
isolates of diarrheal causing Shigella bacterium from 18
African countries were resistant to the main drug used to
treat the disease (Williams et al,, 2018). In South Africa,
tetracycline-resistant strains of Neisseria gonorrhoeae were
detected the same year ciprofloxacin resistance
emerged(Unemo and Shafer 2014). There was also an 85%
and 69% increase in resistance to ampicillin and co-
trimoxazole among the gram-negative bacteria in
Zimbabwe, with more than 90% of the isolates
cotrimoxazole and 16% are resistant to tetracycline (Mason
et al, 1997; Kimang'a, 2012). Other African countries such
as Mozambique and Angola have reported resistance to
Ampicillin, streptomycin, Kanamycin, Chloramphenicol,
tetracycline, gentamicin, spectinomycin, and co-trimoxazole
(Mac-Arthur et al.,, 2001; Kimang'a, 2012).

Reports on Isolates sampled from Nigeria show
resistance in both gram-positive and gram-negative
bacteria isolates(Taiwo et al., 2008). According to Iwalokun
et al. (2021) more than 70% of Shigella isolates are
resistant to at least two drugs and an increase in resistance
to ampicillin, co-trimoxazole, chloramphenicol,
streptomycin, and nalidixic acid has been reported between
1990 and 2000 in Nigeria(Yah et al., 2010).

Multiple factors contribute to the pathway by which the
use of antibiotics in food animals can pose a threat to public
health. The need for antibiotics in animals is generally high
even for conditions without the medical need of antibiotic
treatment. Poverty amongst livestock rearers as well as the
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weak veterinary health systems in developing and
underdeveloped countries affects the effectiveness of
strategies employed for containing antibiotics resistance
(Ayukekbong et al., 2017). Even in developed countries, the
absence of well-coordinated strategies even with well-
developed legislation and policies affects the strategies
against antibiotic resistance (Podolsky, 2018). Major
determinants and ways the use of antibiotics in livestock
contributes to the problem of antibiotic resistance are
discussed below.

Self-prescription

Self-prescription is one of the important facilitators of
antibiotic misuse, particularly in underdeveloped and
developing countries (Harbarth and Samore 2005). Poverty
and lack of information play a role in the issue of
indiscriminate use of veterinary antibiotics. Local farmers
who use these drugs cannot afford to employ the services of
a trained agricultural worker or veterinarian and they end
up resorting to using the drugs themselves (Ezenduka, et
al,, 2011).

The antibiotics commonly used to treat infections in

livestock include the beta-lactams (penicillins and
cephalosporins), the tetracyclines, aminoglycosides,
lincosamides, macrolides, pleuromutilins, and

sulphonamides (Lee et al, 2001). In Europe, the most
commonly used antibiotics are streptomycin, gentamicin,
neomycin, ampicillin, tetracyclines, chloramphenicol and
sulphonamides(Wray and Gnanou, 2000). In Africa
including Nigeria, the tetracycline group of antibiotics is
also the most widely used particularly in poultry farms
(Kabir et al., 2004; Emmanue et al., 2009; Ezenduka et al,,
2011).

To this effect, countries are placing strict measures on
antibiotics prescription, to restrict non-prescription
purchases. This has reduced sales by over 40% in the
united states (Bavestrello et al, 2002). There is a
considerable difference in the pattern of prescriptions of
antibiotics in different countries. This variation could be
due to the variations in the type of product available in each
country, the cost of the products, the attitude of
prescription of veterinary physicians, the general animal
health condition in the country, and the type of agricultural
system practiced (Silley et al, 2012). Government
authorities in Nigeria such as the National Agency for Food
and Drug Administration and Control (NAFDAC) and the
Federal Ministry of Agriculture need to engage local
farmers to educate them on proper animal breeding
techniques and antibiotic use for positive benefits
(NAFDAC, 2019). It has been reported that drugs such as
Nitrofurantoin, which has been banned by NAFDAC is still
commonly used amongst farmers (Ezenduka et al., 2011).

Intensive animal production for food and profit
purposes

Another cause of the increase in antibiotic resistance is due
to practices in the agricultural sector. The main use of

antibiotics in animals in the past was for treating and
preventing diseases. However, in recent times antibiotics
are majorly used to improve the growth rate in food
animals (Darwish et al, 2013). This may be seen as a
desirable method of increasing food production and profit-
making, particularly with the increasing demand for animal
protein. This has led to increased use of antibiotics to
prevent diseases and promote growth (Khachatourians,
1998). A close link has been established between the
increase in antimicrobial resistance and the demand for
animal protein for nutritional purposes. Man’s need for
animal protein is increasing worldwide at an unexpected
rate and to meet this nutritional demand, there is an
increase in the rearing of animals for human consumption
which is associated with antibiotic use that is, in turn, is
increasing antibiotic resistance (Van Boeckel et al., 2015).
Presently, about 80% of food-producing livestock are
treated with medication (including antibiotics) in some or
most parts of their lives(Van et al,, 2020). These antibiotics
that are used in animals are identical to the drugs that are
used in man (McEwen and Fedorka-Cray, 2002). Ninety
percent (%) of antibiotics used in agriculture is not for
treating infections, rather it is being used as a growth
promoter or for prophylaxis with concentrations in feeds
increasing rapidly even above recommended levels
(Khachatourians, 1998).

The mode of action of antibiotics used as growth
promoters is that the drugs work by thinning the gut
membrane for better absorption and assimilation, making
the gut conditions favourable for beneficial microorganisms
by killing the harmful bacteria (Edens, 2003). They also
promote growth by decreasing the extent of immune
system activity, decreased toxin formation, and nutrient
wastage. Mostly young animals respond better to the use of
antibiotics to promote growth (Nisha, 2008).

In the United States, about 50% of antibiotics, mostly
penicillin and tetracycline are used in animal husbandry. Of
this, only 10 % is used for the treatment of infections, the
rest are used for disease prevention and growth promotion
(Landers et al., 2012). However, such use of antibiotics is
considered today as a huge problem as it involves the use of
antibiotics without prescriptions in high and low doses for
a long duration resulting in antibiotic residues going into
the food chain(Darwish et al,, 2013).

Mode of Antibiotic Administration

Antibiotics are used to treat selected animals, or a large
group of animals with or without the disease (Darwish et
al, 2013). In animal rearing, it is difficult to treat only
diseased animals in animal groups such as fish and birds,
and as a result grouped medication is the only option for
administration(McEwen and Fedorka-Cray, 2002). This
practice contributes to the antibiotic resistance challenge.

Non-adherence to Prescriptions

Antibiotics approved for animal use have a clear duration of
use and prescribed dose. It is however common practice



that livestock producers use antibiotics continuously at
sub-therapeutic levels to prevent food diseases (Barton,
2001). Farmers do not adhere to withdrawal times of these
drugs and also do not adhere to dosage or other
instructions of use and this practice has resulted in
antibiotic residues going into animal-derived (Okocha et al,,
2018). Withdrawal times are period that must elapse for
the harmful residues left from antibiotic treatments in
animals are to be eliminated or are at levels that are is safe
for consumption. The withdrawal time is indicated on
labels of the antibiotics and should be observed before the
animals are slaughtered for human consumption (McEwen
and Fedorka-Cray, 2002) . It is therefore important to have
recorded data from farms where antibiotics are being used.
Such information should include the type of treatment,
dosage, and duration of administration of the drug, route
and other important information. A collection of this
information will help in identifying the pattern of
development of resistance(Silley et al., 2012).

Direct Antibiotic/Antibiotic-Resistant Bacteria (ARB)
contamination of animal food products

ARB can be transferred to humans via the food chain,
through contact with the environment where ARB are
present, and also via direct contact by agricultural workers
(Van Boeckel, Brower et al. 2015). Antibiotics are used
during the production and storage of milk and milk
products from food animals and they contaminate such
products directly through air and water during production,
processing, transport or indirectly from the animals via
feeds containing antibiotics (Nisha 2008). Resistant
bacteria can spread from the environment or animal to
humans via contaminated food. For example, it is reported
that most food contaminated with resistant Escherichia coli
has been found to originate from contaminated meat
(Carlet et al., 2012). The threat of food contamination with
antibiotics is not restricted to African countries alone but
has become a global problem irrespective of economical, or
geographical status (Harbarth and Samore, 2005; Founou et
al,, 2016).

Bioaccumulation of Antibiotics and Its Metabolites in
Food Animals

The occurrence of drug residue in animal food products is
related to the degree of drug use, drug control, and drug
residue monitoring (Kabir et al.,, 2004). The indiscriminate
use of veterinary medicines is the major cause of the
problem of antibiotic accumulation and concentration in
animal tissue and products such as milk, eggs, and meat
(Martin et al., 2015; Okocha et al., 2018); (Emmanue et al.,
2009; Ezenduka et al., 2011). Also, when animal products
such as eggs are collected within the withdrawal period of
antibiotics, or the animal is slaughtered before the
withdrawal period of the drugs given to the animal elapses,
these drugs accumulate in the tissues of the animals and
products ( Anadén et al, 1994). These accumulated
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antibiotics referred to as residues are found to remain in
food which is thereafter consumed by humans and are
likely the cause of several health issues in humans (Van
Epps and Blaney, 2016; Okocha et al., 2018). It is of a public
health concern as they affect humans by causing the
development of resistant strains of microorganisms, toxic
effects, carcinogenicity, mutagenicity, hepatotoxicity,
reproductive disorder, allergy, hypertensive effects, and
negative effect on human intestinal flora (Lee et al.,, 2001).

Antibiotics are used indiscriminately in many parts of the

world, mainly for the treatment of bacterial diseases or as
food additives for livestock (Darwish et al, 2013). For
instance, in a study to assess the effect of indiscriminate
antibiotic use in poultry feed for broilers in Bangladesh,
results showed residues of enrofloxacin, ciprofloxacin, and
amoxicillin in the liver and breast of the broilers (Khan et
al, 2019). Antimicrobial residues have been reported in
several African countries including Egypt, Ethiopia, Ghana,
Kenya, Nigeria, South Africa, Sudan, and Tanzania (Darwish
etal, 2013).
Poultry products are among the major source of animal
protein in Nigeria. There is a rise in the number of poultry
farms across the country to meet local demand. Quinolone
class of antibiotics is extensively used in poultry farms
(Persoons et al.,, 2012) and studies have revealed that these
poultry products have antimicrobial residues in them(Kabir
et al.,, 2004; Ezenduka et al., 2011). In Nigeria, tetracyclines,
fluoroquinolones, beta-lactams are the most widely used in
animal production(Adesokan et al., 2015), this finding is
consistent with an earlier report(Adesokan et al., 2013).
These classes are also commonly used in India(Sahoo et al.,
2010); Tanzania (Katakweba et al., 2012), and South Africa
(Eagar et al,, 2012). Similarly, Kabir et al., 2004 found drug
residues in poultry products sampled in Kaduna State of
Northern Nigeria (Kabir et al, 2004) and comparable
results were obtained from a study conducted in
Southwestern Nigeria (Adesokan et al., 2015). A study on
the incidence of tetracycline residues (oxytetracycline,
tetracycline, chlortetracycline, and doxycycline) in fresh
chicken samples (meat and liver) in Egypt found that 44%
of samples contained tetracycline residues (Salama et al,,
2011).

In Nigeria and many other developing countries, there
are inadequate drug residue monitoring programs in
animal slaughterhouses and there is limited technology
available to conduct such tests in local farms and facilities
(Cannavan and Elliott, 2004). The method of detecting
drugs in food products include; Enzyme-Linked
immunosorbent Assay (ELISA), High-performance liquid
chromatography (HPLC), Liquid chromatography (LC), gas
chromatography (GC), and paper chromatography (PC)
(Nisha, 2008). Such equipment is very expensive and is only
available in a few laboratories and could affect the ability of
National Regulatory Authorities to carry out effective
monitoring of residues in animals and animal products.
Further compounding the issue is the absence of legislation
or national limits on drug residues in foods (Kabir et al,,
2004).
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Table 1. Quantity of antimicrobials and other drugs sold/used in animals in Nigeria 2014-2015 (NCDC, 2017)

QUANTITY (Kg)

S/N ANTIMICROBIAL JUN - DEC, 2014 JAN - DEC, 2015
1. Aggregated antimicrobials 188,339 190,219
2. Tetracyclines 8,147 168,880
3. Fluoroquinolones 5,115 3,146
4, Macrolides 3,349 9,798
5. Sulfonamides 1,060 687
6. Polypeptides 459 142,333
7. Amphenicol 268 658
8. Penicillins 193 -
9. Aminoglycosides 46 131
10. Glycopeptides 24 40

Total 207,000 515,892

Inadequate Research/Regulation of Antibiotic Use in
Livestock

The pattern of antibiotic consumption is monitored in
developed and some developing countries through sales
databases (Van Boeckel et al, 2014). Livestock
consumption of antibiotics on the other hand is practiced
globally, not particularly in developed/developing
countries. This leaves the use of antibiotics in third-world
countries unaccounted for. The problem of antibiotic
resistance is not only a public health concern but also a
concern for animal health. Most antibiotics usage today
occurs in an agricultural setting, however, little attention is
channelled to how the agricultural use of antibiotics is
contributing to the global problem of antibiotic resistance
(Landers et al, 2012). Despite the widespread use of
antibiotics in animals, there is insufficient data on the
pattern of usage and the quantities used (Sarmah et al,
2006). Inadequate resources and attention are allocated to
research on the role of antibiotics used in food animals in
exacerbating the menace of antibiotic resistance. This has
made it difficult for policymakers to come up with policies
and regulations to guide the usage of antibiotics (Landers et
al.,, 2012).

Based on data obtained from 71 countries, there was a
30% increase in global consumption of antibiotics between
2000 and 2010 (Klein et al., 2018), and this increase was
greater in low to middle-income countries. Although
limited data is available on the pattern and volume of
consumption of antibiotics in Nigeria, a study conducted in
three states in southwestern Nigeria showed that between
2010-2012 there was an increase in the consumption of
antibiotics of up to 40% (Adesokan et al., 2015). In the
2013 World Organisation for Animal Health (OIE) global
conference themed ‘Responsible and Prudent Use of
Antimicrobial’, the establishment of a global database
aimed at collecting and harmonizing quantitative data on
the use of antimicrobials in animals was recommended. In
response to this, Nigeria submitted baseline data for the
quantity of antibiotics used in animals between 2014 and
2015. This data published by the Federal Ministries of
Environment, Health and Agriculture (NCDC, 2017) for

different classes of antibiotics is summarized below (Table
1).

This data although not exhaustive as it covers only
antibiotics imported through the authorization agency
excluding those from other procurement sources, there is a
significant increase in the quantity of antibiotics used in
animals between 2014 and 2015 when the data was
collected. This indicates the need to strengthen
control/regulatory measures on antibiotic use in livestock
locally and globally.

Navigating through the challenge

Antibiotic resistance is a public health challenge that
requires diverse intervention and a multidisciplinary
approach. A peak in the consumption of antibiotics
worldwide seems to have been reached due to the evident
relationship between the consumption of antibiotics and
the emergence of antibiotic resistance bacteria. This has led
to increasing efforts to limit, reduce antibiotic use and
hence reduce the influence of the resistance (Harbarth and
Samore 2005).

In the early 1960’s growing concerns on the evolution of
antibiotic resistance led to the recommendation in the
United Kingdom that antibiotics for human use should not
be used for the promotion of growth in food animals (Gyles,
2011). Although the antibiotics used in human beings are
structurally similar to those used in animals. This is a
common practice in most countries. In addition to this, the
World Health Organisation (WHO) has also recommended
the cessation and phasing out of the use of antibiotics that
are used for therapeutic purposes as growth promoters
(WHO, 2017). The World Health Assembly (WHA) has been
campaigning against the problem of antimicrobial
resistance since 1998 when the WHA took the resolution to
take action but not so much has been done in implementing
the resolution(Shallcross and Davies, 2014). The WHO has
also called for a massive effort and global strategy to
contain antibiotic resistance using a multidisciplinary and
well-coordinated approach. This however has been
challenged by the limited human and financial resources
(Prestinaci et al.,, 2015; Aslam et al., 2018).



Preventing the emergence of resistant bacteria in the
human population is believed to be much easier than
reducing the prevalence once the antibiotic-resistant
bacteria have emerged. This can be achieved by restricting
the use of antibiotics for agricultural purposes and
exploring other technical solutions, good animal rearing,
and food preservation practices that will limit the transfer
of resistant pathogens via the food chain (Lhermie et al,,
2019). Eliminating the use of antibiotics as growth
promoters may not be realistic and may also increase
therapeutic use, a situation that has led to antibiotic
resistance in humans (Hughes, 2004). While developed
countries debate the importance of restricting the use of
antibiotics in food animals, the benefits of this action may
not be realised due to increased usage in developing
countries  where antibiotic-resistant bacteria are
transferred through travel and trade across borders
(Adesokan et al, 2015). Intercontinental migration and
global mixing have resulted in the transfer of antibiotic
resistance across borders, making control of the global
spread difficult even with continuous screening and
surveillance. The social and cultural orientation of
infectious conditions influence the way humans use
antibiotics. Social and cultural perception of infectious
diseases requiring antibiotic treatment influences the use of
such antibiotics, especially for pathogenic infections that
affect communities (Harbarth and Samore 2005).

In animal production, alternatives to antibiotics can be
adopted. These include; good herd management,
vaccination, biosecurity, and use of probiotics in food
(McEwen and Fedorka-Cray, 2002). According to Darwish
et al. (2013) to reduce the use of antibiotics around the
world, what is important is to embark on effective
prevention of infectious diseases through hygiene and
improved rearing condition, considering other alternatives
to antibiotics, enforce strict legislations, carryout
monitoring of antibiotic residues in food, elimination of
antibiotics as feed additives and inactivation of dairy
products with heat which may inactivate some of the
antibiotics residue (Darwish et al, 2013). In Denmark, it
has been found that the decrease of the use of antibiotics as
growth promoters in agriculture has been followed by a
decrease in the prevalence of these resistant strains when
tested in animal isolates (Bager, 2000).

To eliminate the menace of antibiotic resistance,
countries are placing restrictions on antibiotics
prescriptions and monitoring its use by veterinarians
(Bager, 2000; Wray and Gnanou, 2000). Global campaigns
have also been embarked upon on antibiotics to encourage
rational use and limit usage to life-threatening or serious
infections (Belongia et al., 2005). These growing concerns
have led to the development of guidelines that are in line
with best practices for antibiotic use and also laws on
antibiotics (Landers et al., 2012).

Residue prevention strategies should focus on
prevention, by educating individuals and organisations on
the problem of drug residue and antibiotic resistance.
Screening and grading of food for antibiotic residue and the
prohibition of consumption of food containing residue
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exceeding safe limits. Improved agricultural practices,
periodic surveillance of residues in food. Inactivation of
antibiotic residue in food wusing UV irradiation and
processing of milk products using methods that inactivate
antibiotics. In Europe, monitoring programmes have been
established to monitor antibiotic resistance(Wray and
Gnanou, 2000).

Countries have embarked on monitoring and surveillance
of antibiotic consumption and resistance in both human
and animal populations in an attempt to find a solution to
the global menace of antibiotic resistance(Silley et al,
2012). National Regulatory Authorities are responsible for
the regulation and monitoring of antibiotics used in animals
based on efficacy and safety for the animals as well as the
humans consuming the products of these animals(McEwen
and Fedorka-Cray, 2002). In Nigeria, the NAFDAC and the
Pharmacists Council of Nigeria are the two main
government bodies responsible for the regulation of the
different areas of the pharmaceutical supply chain (NCDC,
2017).

Antibiotic resistance surveillance involves continuous,
intensive, and targeted data collection on the incidence,
prevalence, and spread of antibiotic-resistant bacteria and
antibiotic-resistant genes. Monitoring involves
continuously measuring and analysing antibiotic
susceptibility information from tests to detect a pattern.
The results of the data on resistance monitoring and
development of resistance can be useful resources in
conducting evidence-based risk assessments which are
important in the selection of risk management options
(Silley et al., 2012).

Several member countries have made progress in
monitoring antibiotic resistance in food animals (Bager,
2000; Jean-Louis et al, 2001). The results of these
monitoring are being examined to harmonise the
monitoring programmes and compare the countries’ data
(Chantziaras et al., 2014). Although variations in use exist
between countries, similar variation was observed in the
antimicrobial resistance. Denmark developed a veterinary
antibiotic data base (Vetstat) used for tracking antibiotic
use and resistance(Chantziaras et al, 2014). Such
techniques if employed in many countries will facilitate
data collection and harmonisation. The European
Surveillance of Veterinary Antimicrobial Consumption
(ESVAC) has since 2009 continued to monitor the situation
of antibiotic resistance. The reports are being harmonised
to address the variation in the reports and the type of data
generated from the monitoring and surveillance in order to
make a useful comparison (EMA, 2017).

A number of countries have embarked on campaigns to
educate medical practitioners and patients about the
irrational use and resistance to antibiotics (Bauraind et al.,
2004). The campaigns have resulted in attitudinal change
towards antibiotic use among both professionals and the
public. It is believed that such continued efforts will
decrease irrational antibiotic use and decrease the spread
of antibiotic resistance. Most physicians believe that the
immediate risk for treating patients with antibiotics
outweighs any long-term negative implications of the
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Table 2. List of banned/restricted antibiotics and growth promoters for use in livestock

Location Action

Terms/reasons for ban

European Union
(Casewell, Friis

Ban on avoparcin, virginiamycin, tylosin
Bacitracin and spiramycin, tylosin

Used as antibiotic and as growth promoters

etal. 2003, Ban on Flavophospholipol used for fattening rabbits laying hens, chickens for
Commission fattening, turkeys, piglets, pigs, calves, and cattle.
2006) Ban on Monensin sodium Used for cattle for fattening

Ban on Salinomycin sodium
Ban on Avilamycin

Used for fattening piglets and pigs.
Used for fattening piglets, pigs, chickens, and
turkeys.

Nigeria (NAFDAC Ban on Chloramphenicol, Furazolidone, Nitrofural, Used as antibacterial agents, growth Promoters and
2020) Malachite green, Carbadox, Stilbens, Dimetridazole, antiprotozoal agents

Ipronidazole, Olaquindox, Metronidazole, Ronidazole,

Furataldone, Olaquindox, Nitrofuran and Nitrofurantoin.
United States Restricted extra-label use of chloramphenicol, clenbuterol, Used as antibacterial agents, growth Promoters and
(FDA up to date fluoroquinolones, Glycopeptides, nitroimidazoles, antiprotozoal agents
as of April, nitrofurans and nitrofurazone, Sulfonamide drugs,
2019) Phenylbutazone Cephalosporins, Diethylstilbestrol (DES)

and Furazolidone.

These drugs are not to be used under the following

conditions
(i) For disease prevention purposes;

(ii) At unapproved doses, frequencies, durations, or routes

of administration; or

(iii) If the drug is not approved for that species and

production class.

Prohibited extra-label wuse of
Neuraminidase inhibitors.

Adamantanes and

Used in chicken, turkey, and duck influenza A
treatment

A more comprehensive list of this is available at Food Animal Residue Avoidance Databank (FARAD) database (FARAD 2019)

antibiotics. Having policies and guidelines tends to shorten
treatment duration, or stop the drugs for those who do not
have a disease. This had led to an observed decrease in the
volume and prescription of antibiotics in industrialised
countries(Harbarth and Samore, 2005).

While considering countries that have issues of
malnutrition and food shortages, it is important to balance
the risk associated with antibiotic resistance and residues
and the demand food protein food. Economically, it was
assumed that banning growth promoters in food animals
will affect food production, this was however not the case.
The effect was however seen only at the end of the
pharmaceutical companies who will make fewer profits
from the sale of such drugs (Bager, 2000). Below (Table 2)
is a summary of banned/restricted antibiotics and growth
promoters for use in livestock.

Conclusion

There is an obvious connection between antibiotic use and
antibiotic resistance. An increase in the use of antibiotics
such as avoparcin and tylosin increases the resistance to
that particular antibiotic and a decrease in use also shows a
corresponding decrease in the occurrence of resistance to
the drug. This concludes that antimicrobial resistance can
be reduced in food animals when selective pressure is

eliminated (Aarestrup et al., 2001). In addition to factors
affecting antibiotic resistance (i.e. the microorganisms, the
host, pattern of usage of antibiotic drugs, the impact of
infection, and technological advancement rational use of
antibiotic drugs) factoring infection control and rational
use of antibiotics and new drug development will deter the
negative assumptions about what is expected in the future
with regards antibiotic resistance (Harbarth and Samore,
2005). As microorganisms do not respect national or
international boundaries, it is therefore important to
develop strategies to minimise the risk of the spread of
antibiotic resistance among human and animal populations
to curb the menace of antibiotic resistance. This can be
achieved by designing policies at the local and international
level on rational risk management on the use of antibiotics
and antibiotics resistance. Global collaborative efforts are
necessary. This should include surveillance and monitoring,
legislation, technical advancement, and education. Research
and surveillance need to be carried out to determine the
link between animal and human strains of disease-causing
microorganisms. There’s a need to change the way we use
and view antibiotics. Individuals need to be aware that the
choices they make when it comes to use of antibiotics usage
could affect the effectiveness of antibiotics in the treatment
of diseases. Everyone has a role to play and the time to act
is now.
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