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ABSTRACT:

Background: Antibiotics are widely used in food
animals to prevent disease, promote growth and maintain
productivity. Modern animal production practices involve
regular use of antimicrobials, but abusive use can lead to
harmful consequences. The aim of this review was to pro-
vide comprehensive information regarding the risk of regu-
lar application of antibiotics in food animals, the poten-
tial consequences and impact on human health, and op-
tions for the prevention of antibiotic resistance in the
food chain.

Review Results: Although organizations such as
WHO, UN, and EU have taken steps to reduce and limit
the use of antibiotics in animals, these are proving insuf-
ficient in developing countries. In many countries, the an-
tibiotics used in animals appear to exceed that in humans.
The abuse in food animals promotes the development of
antibiotic-resistant bacteria and resistance genes that can
be transmitted to humans through food consumption and
direct contact with animal food or environment mecha-
nisms. This can lead to human infections with antibiotic-
resistant bacteria, causing treatment failure and, therefore,
more severe and longer-lasting illnesses, increased hos-
pitalization rates, more deaths and higher costs to soci-
ety. Furthermore, as food animals and animal-derived foods
are traded globally, they contribute to antibiotic resist-
ance in countries far from where the problem originates.

Conclusion: Overcoming the problem of antibiotic
resistance requires a multidisciplinary approach with ef-
fective action coordination and information exchange be-
tween the agricultural, food, veterinary and health sectors.
Through international cooperation, efforts should focus
on reducing unnecessary antibiotics use and reducing the
spread of antibiotic-resistant bacteria, but national-level
action on antibiotic resistance and food safety is also es-
sential.
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BACKGROUND

Humanity has benefited from the availability of an-
tibiotics to treat bacterial infections for decades. However,
the excessive use of antibiotics puts pressure on bacteria
to develop resistance against these drugs, leading to the
emergence of untreatable “superbugs” [1, 2]. The signifi-
cant worldwide increase in the number of multidrug re-
sistant bacteria, i.e. resistant to at least three different
groups of antibiotics, is also a serious cause for concern
[3]. In 2021, the World Health Organization (WHO) re-
ported that antimicrobial resistance is among the top ten
global public health threats facing humanity [4].

Antibiotics are widely used in food animals to pre-
vent disease, promote growth, and maintain productivity.
Modern animal production practices involve the regular
use of antimicrobials. However, in many countries, anti-
biotics use in animals appears to exceed that in humans,
and the abusive use can lead to important public health
implications and harmful consequences - serious side ef-
fects, severe pathologies and contribution to the spread
of antimicrobial-resistant pathogens in livestock and hu-
mans. Furthermore, as food animals and animal-derived
foods are traded globally, they contribute to antibiotic re-
sistance in countries far from where the problem origi-
nates. Although organizations such as the WHO, the
United Nations (UN), and the European Union (EU) have
taken steps to reduce and limit the use of antibiotics in
animals, these are proving insufficient in developing
countries where the consumption of animal products con-
tinues to grow every year.

The aim of this review was to provide comprehen-
sive information regarding the risk of the regular appli-
cation of antibiotics in food animals, the potential con-
sequences and impact on human health, and options for
the prevention of antibiotic resistance in the food chain.

REVIEW RESULTS
1. Use of antibiotics in food animals
1.1. Worldwide antibiotic consumption trends

In the 1950s, alongside the onset of intensive farm-
ing practices, the use of antibiotics in food animals was
permitted in order to improve feed transformation, accel-
erate growth rates and minimize disease [5]. In 2006, the
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EU banned the feeding of livestock with antibiotics and
related growth-promoting drugs, and the rules governing
the use of antimicrobial drugs in animals in the United
States (US) were recently introduced. The new rules elimi-
nate the use of medically important antibiotics to promote
growth and allow the use of these drugs only for thera-
peutic or preventive purposes under the supervision of a
veterinarian [6]. However, many developing countries,
have no legislation on using antimicrobials use in live-
stock. For example, in African countries, the use and con-
trol of antimicrobials remain unregulated mainly [7]. An
exception is South Africa, which has developed and im-
plemented a National Strategic Framework for Antimicro-
bial Resistance 2014-2024, with one of the strategic ob-
jectives being to promote the appropriate use of
antimicrobials in human and animal health [8].

The antibiotics choice and the pattern of
antimicrobials consumption show geographical differ-
ences across the continents, influenced by the food ani-
mal species, regional production patterns and types of
production system, intensive or extensive farming, pur-
pose of farming (commercial, industrial or domestic), un-
clear legislative framework or policies regarding the use
of antibiotics, and the size and socioeconomic status of
the population and particularly of farmers [9]. Antimicro-
bial growth promoters (AGP) have been used in livestock
production in the US and other developed countries for
more than 60 years. Favourable outcomes on productiv-
ity in poultry and pigs were first recorded in 1946 and
1950 [10].

The annual global consumption of antimicrobials
in livestock between 2010 and 2030 will increase by
67%, from 63,1 = 1,5 tons to 105,596 = 3,605 tons [11].
Among the 50 countries with the largest amount of
antimicrobials used in livestock in 2010, the five coun-
tries with the greatest projected percentage increases in
antimicrobial consumption by 2030 are likely to be
Myanmar (205%), Indonesia (202%), Nigeria (163%), Peru
(160%), and Vietnam (157%) [11]. In addition, it is esti-
mated that over 80% of food producing animals are cur-
rently treated with antibiotics [12]. Antimicrobials are cur-
rently used in 8,927 tonnes of animals in the EU [13]. The
world’s largest producer and consumer of antimicrobials,
China, consumed almost 30,000 tonnes of antimicrobials
for its livestock production in 2018, with more than half
of this consumption (53%) used to promote animal growth
[14].

1.2.  Livestock antibiotic consumption

Livestock farming is an integral part of the global
economy and a major source of food and materials in de-
veloping countries. In order to promote growth and weight
gain, entire herds of farm animals are routinely fed low
doses of antibiotics in their food or water. Antibiotics are
also used to prevent disease in animals living in often
crowded and unsanitary spaces [15]. They are used espe-
cially during the early part of an animal’s life — for exam-
ple, in broiler chickens and in weaning pigs and calves
[16]. All this leads to a massive accumulation of antibi-
otics in the environment and the acquisition of antibiotic
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resistance in microorganisms that come into contact with
the antibiotic [17]. Antibiotic consumption in the live-
stock sector is the highest in China (23%), the US (13%),
Brazil (9%), and India (3%), accounting for the majority
of worldwide sale of antibiotics [11].

1.3. Antibiotic residues in food

Due to the improper use of antibiotics, they can end
up as residues in food products, thus exerting a harmful
effect on the consumers’ health [18, 19]. These foods are
mainly obtained from poultry (chicken meat and eggs),
cattle (beef carcasses, milk and meat) and pigs (pork
meat). If the use of antibiotics is necessary for the treat-
ment or prevention of various animal diseases, a with-
holding period must be respected until antibiotic residues
are no longer detected [20]. The presence of antibiotic
residues in meat from various species of economic inter-
est is considered a significant danger to public health
[21].

1.4. Antibiotics use in aquaculture

In aquaculture, increased stocking density, poor
sanitation and the inability to separate healthy fish from
infected ones result in high susceptibility to fish diseases
and the rapid spread of infections among them [22]. Bac-
terial infections account for a relatively high percentage
of losses in the total annual production and, in the last
few years, have resulted in billions of dollars lost to the
countries of Asia, the largest aquaculture producer in the
world [23]. Precisely, in order to reduce economic loss,
various antibiotics are widely used due to the wrong be-
lief that the use of large amount of antimicrobials in fish
cultivation (e.g. carp and chub and various other types
of marine fish species) guarantees abundant production
[24].

1.5. Impact on human health

1.5.1. Spread of antibiotic resistance

It has been established that the exposure of bacte-
ria to low doses of antibiotics is likely to lead to bacte-
rial adaptation, making them more resistant and more viru-
lent [25]. Overuse or misuse of antibiotics leads to drug
resistance, which threatens both animal and human health.
Antimicrobial resistance in food animals has a significant
impact on animal health and may be associated with re-
sistant infections in humans as well [26]. Long-term anti-
biotics use in food animals creates ideal conditions for
the development and spread of resistant bacterial strains.
Antimicrobial resistant bacteria originating in an animal
can be transmitted to humans through the environment,
food products, and/or by direct contact [27]. Similar
strains of resistant bacteria are found in food animals and
humans, suggesting bacterial transmission from animals
to humans [28]. The studies conducted worldwide report
an increasing and alarming number of genes for resistance
to antibiotics in livestock each year [29].

There are a number of studies reporting that the use
of antibiotics in the diet of food animals leads to an in-
creasing prevalence of resistant strains such as Es-
cherichia coli, Klebsiella pneumoniae, Salmonella, Me-
thicillin-resistant Staphylococcus aureus in animals, ani-
mal products, environment and patients and to the obser-
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vation of increasing resistance to antibiotics, such as
tetracyclines, sulfonamides, a-lactams and penicillin [30,
31, 32]. Plasmid-mediated resistance in E. coli, Salmo-
nella and Klebsiella to colistin, a last line group of anti-
microbial drug, is reported in both food animals and hu-
mans in countries from North America, Europe, Africa and
Asia [33]. According to a study, a substantial proportion
of human extra-intestinal extended spectrum cepha-
losporin-resistant E. coli infections originate from food
animals [34]. Resistant bacteria in animals can directly
or indirectly reach humans through food, water, mud and
manure, which are used as fertilizers. Farm and slaughter-
house workers, veterinarians, and those in close contact
with agricultural workers are easily infected with resist-
ant bacteria through daily exposure to infected animals.
Several studies have reported a high prevalence of resist-
ant gut bacteria among farm workers compared to the gen-
eral population or farm workers where antibiotics are not
used [26].

Consumers may also be exposed to resistant bacte-
ria through contact with or consumption of animal prod-
ucts. Evidence exist that foods from various animal
sources and at all stages of processing contain large num-
bers of resistant bacteria and genes encoding antibiotic
resistance [35]. The genes encoding antibiotic resistance
identified in foodborne pathogens are also demonstrated
in foodborne pathogens isolated from humans, which con-
firms the risk of consuming the various food products
colonized by resistant bacteria [26].

1.5.2. Allergic reactions

Several studies have reported that antibiotic
residues can cause allergic reactions, mainly associated
with the use of beta-lactam antibiotics [29]. Allergic re-
actions have been reported in humans who consumed
milk and meat, all containing penicillin residues [36, 37].
Other studies have mentioned that aminoglycosides,
sulfonamides and tetracyclines residues can also cause al-
lergic reactions [38].

1.5.3. Mutations, reproductive disorders and tera-
togenic effects

Several authors reported that antibiotic residues ad-
versely affect human fertility can cause reproductive dis-
orders and teratogenic effects, which is an extreme threat
to the human population [36, 37, 39]. In a recent research,
summarizing data from more than 70 scientific studies re-
porting antimicrobial residues in animal products readily
available for sale, mutation rates were reported to increase
with antibiotic residues [40].

2. Strategies and recommendations for anti-
biotic resistance prevention in relation to food safety

At present, most countries have no system for sur-
veillance of antibiotic use, and different methodologies
are used to collate and present the available data. For this
reason, reliable data are lacking in most countries, and
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the available data are usually not comparable between
countries. Improved surveillance of antibiotic use is ur-
gently needed [16]. Therefore, more and better national
data antibiotic resistance in relevant bacteria from food
animals, food products and people, as well as data on the
usage of various types of antibiotics in different kinds of
food animals, are needed. Tackling antibiotic resistance
requires international and cross-sectoral cooperation, col-
laboration and communication, as this problem crosses
borders and sectors. In addition, international activities
are required to guide and support the work needed at the
national level [16]. An intersectoral national strategy and
action plan on antibiotic resistance, including the food
safety perspective and regulatory framework for author-
izing and controlling veterinary medicines, including an-
tibiotics should be established. Antibiotics should not be
used as growth promoters and should be reduced in ani-
mal husbandry by improving animal health through
biosecurity measures, disease prevention, and good hy-
giene and management practices and by finding their al-
ternatives. Such an alternative is, for example, the unique
bee product propolis. Due to its rich chemical composi-
tion and valuable properties, it offers great potential for
application in the food industry as a natural and safe pre-
servative with high antimicrobial and antioxidant activ-
ity and as a means of increasing the nutritional value of
foods [41]. Because of its ability to inhibit food spoilage
microorganisms and foodborne pathogens, propolis can
prevent undesirable physical, chemical, microbiological
and organoleptic changes in food, thereby protecting the
quality and improving the expiration date of food prod-
ucts of animal origin [41].

CONCLUSION

Modern food-animal production uses large amount
of antibiotics not only for therapeutic purposes but also
to prevent disease and promote animal growth. As a re-
sult, healthy animals are routinely or often exposed to an-
tibiotics, which provides favourable conditions for the
emergence, development, spread and persistence of anti-
biotic-resistant bacteria capable of causing infections not
only in animals but also in people. Because food animals
and foods of animal origin are traded worldwide, antibi-
otic resistance affecting the food supply of one country
becomes a potential problem for others. Overcoming the
problem of antibiotic resistance requires a
multidisciplinary approach with effective action coordi-
nation and information exchange between the agricultural,
food, veterinary, and health sectors. Through international
cooperation, efforts should focus on reducing unnecessary
antibiotics use and reducing the spread of antibiotic-re-
sistant bacteria, but national-level action on antibiotic re-
sistance and food safety is also essential.
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