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Abstract

Non-therapeutic use of antibiotics for metaphylaxis, prophylaxis, and growth promotion in food animal
production systems contributes to the emergence and spread of antibiotic resistance. Antibiotic
resistance can subsequently be transmitted within and between animals, humans, and the environment
and consequently lead to treatment failure in humans and animals at a later stage. A questionnaire-
based, cross-sectional, online survey was conducted to assess farmers’ knowledge, attitudes, and
practices (KAP) on antibiotic use, resistance, and stewardship in food animal production systems in
KwaZulu-Natal. The questionnaire was divided into four sections and information on the socio-
demographic features and employment experience, in addition to knowledge, attitudes, and practices
were collected. Data was entered in Microsoft Excel and analysed using Statistical Package for the
Social Science (SPSS) with average scores > 50% considered adequate. In total, 82 respondents were
received, of which 66 complete questionnaires constituted the final sample. Fifty-five percent (55%) and
50% of farmers stated that antibiotic(s) were different to anti-inflammatory and anti-pyretic medicines,
respectively, while 42% considered them identical. Thirty-six percent of farmers agreed that the ban of
antibiotic use as growth promoters in animals will have a negative effect on livestock production, and
45% agreed that it is difficult to produce high-quality livestock products without antibiotics. There are
gaps in the overall knowledge, attitudes, and practices of farmers that should be improved through
programs such as awareness campaigns and education and training on antibiotic use, resistance, and
stewardship.
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Introduction

Non-therapeutic use of antibiotics in food animal production systems is among the factors that
contribute to the emergence and spread of antibiotic resistance (ABR) globally (Chapot et al., 2021).
Prudent therapeutic use of antibiotics is essential for farmers to treat active infections in herds or flocks.
However, the use of a sub-therapeutic doses of antibiotics for non-therapeutic purposes such as
metaphylaxis to prevent the spread of active infection in the herd, prophylaxis to prevent the emergence
and spread of suspected infection in the herd, and growth promotion to improve growth and production
of food animals to maintain production and economic gain, are factors that contribute to the
development and spread of ABR, which consequently leads to treatment failure at a later stage (Nkansa
et al., 2020). Antibiotics are extensively used in food animal production systems to improve health,
welfare, and growth especially in cattle, pigs, and poultry, which are the top three sources of meat (Page
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& Gautier, 2012) and sources of income in food animal production systems globally (Kimera et al.,
2020). As the demand for food animal products increases, antibiotics in food animal production are
estimated to increase by 67% between 2010 and 2030 worldwide to sustain livestock production (van
Boeckel et al., 2015). The consequent increase in ABR can be transmitted within and between animals,
humans, and the environment through various routes, including the consumption of foodborne
pathogens in food animal products or the consumption of water or vegetables contaminated by animal
manure used as fertilizer (Lambrecht et al., 2021).

Various stakeholders have been collaborating to prevent the development and spread of ABR in food
animals. The World Health Organization Advisory Group on the Integrated Surveillance of Antimicrobial
Resistance (AGISAR) aims to promote prudent use of antibiotics in food animals and monitor the
development of ABR (World Health Organization (WHQ), 2017). The Food and Agriculture Organization
(FAO) of the United Nations in collaboration with WHO published a guideline for strengthening national
food control with five pillars, i.e., law and regulations, food control management, inspection services,
food monitoring, and epidemiological data, and communication, information, education, and training to
ensure food safety and quality (FAO & WHO, 2016). The tripartite alliance including FAO, WHO, and
World Organization for Animal Health (WOAH) has endorsed the One Health approach as the health of
animals, humans, and the environment are interconnected and affected by the excessive use of
antibiotics in food animal production systems. The tripartite also asserts that ABR can be prevented by
the reduction in antibiotic use in food animals through various strategies, including good animal
husbandry, hygiene, and sanitation (WHO, 2021).

Various stakeholders have been working on improving farmers’ knowledge, attitudes, and practices
(KAP) on antibiotic use, resistance, and stewardship through different coordinated programs, including
awareness campaigns, education and training, and research (Kalam et al., 2021). Farmers are owners
or caretakers of food animals and are responsible for the procurement, storage, and administration of
antibiotics on their farms (Rayner et al., 2019). This use is influenced by their KAP on antibiotic use,
resistance, and stewardship (Dyar et al., 2020). Understanding farmers’ KAP on antibiotic use,
resistance, and stewardship plays a significant role in planning strategies, restrictions, regulations, and
policies promoting prudent use of antibiotics to prevent the emergence of ABR in food animal production
systems (Farrell et al., 2021). The current study assessed farmers’ KAP on antibiotic use, resistance,
and stewardship in food animal production systems in KwaZulu-Natal (KZN).

Materials and Methods

Ethical approval was obtained from the Humanities and Social Sciences Research Ethics Committee
(HSSREC) of University of KwaZulu-Natal (UKZN) (HSSREC/00000998/2020) prior to conducting of
the study. Informed consent was provided by all participants who volunteered to participate with
explicit, voluntary, informed consent.

This was a descriptive, questionnaire-based, quantitative, cross-sectional study of farmers (owners and
managers) of intensive, extensive, and small-scale food animal production systems, who are members
of different agricultural organizations in KwaZulu-Natal (KZN), i.e., the Red Meat Producers’
Organization (RPO), Veterinary House Hospital, National Chicks and Mountain Valley, KZN Agricultural
Union (Kwanalu), Milk Producers Organization (MPO), the KZN branch of the South African Poultry
Association (SAPA), and the South African Pork Producers Organization (SAPPO). The survey was
conducted from mid-October 2020 to mid-March 2021, with periodic reminders to potential participants
via their organizations.

The data was collected using an online, self-administered questionnaire on Survey Monkey using the
membership database of the agricultural associations mentioned above. The questionnaire was
adapted from different studies (Visschers et al., 2015; Di Martino et al., 2018; Sadiq et al., 2018),
prepared in English and translated into Afrikaans and IsiZulu. It was piloted amongst a state veterinarian
and a veterinary academic. The questionnaire consisted of opened-ended questions, allowing
participants to answer questions using their own knowledge or opinions and closed-ended questions,
where participants chose from the options provided. The questionnaire was divided into four sections
based on the specific objectives of the study and obtained data on (1) demographic characteristics and
employment experience, (2) knowledge, (3) attitudes, and (4) practices of farmers related to antibiotic
use, resistance, and stewardship.

The total score for each KAP component was calculated and then divided by the total number of
guestions to yield an average score. Farmers were considered to have adequate KAP if the average
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score was >50%. This translated to a score of 3.5, 3, and 8 for the knowledge, attitudes, and practices
categories, respectively.

Data were entered on a Microsoft Excel spreadsheet and analysed using the commercial Statistical
Package for Social Sciences (SPSS), version 27. Descriptive and inferential statistics were calculated
(including the percentage); the 95% confidence interval was determined for all positive responses to
guestions. The chi square test was used to test the association between categorical variables versus
KAP scores. All the tests were two-tailed and the criterion for statistical significance were set at 5%.

Results

In total, 82 responses were received, of which 66 were fully completed and constituted the final sample.
Thirty-six percent of the respondents were farm owners, 50% of farmers had working experience of less
than 20 years, 18% from 0-10 years, and 32% from 11-20 years of working experience; 38% of farmers
reared more than 100 animals. Thirty-three percent of farmers reared their animals in extensive farming
systems, where food animals are kept outside or in a limited shelter, 27% reared their animals in
intensive farming systems, where food animals are kept in a purpose-built house or shelter, and 5%
indicated other systems, including small-scale, family farming systems where food animals are kept in
a homebase land or in the yard (Table 1). Farmers reared various food animals with cattle farmers
making up the majority (Figure 1). Farmers used antibiotics for metaphylaxis (36%), prophylaxis (6%),
and growth promotion.

Table 1 Selected socio-demographic characteristics and employment experience of farmers (n = 66)

Variables N %
Owner 24 36%
Responsibility or position on the farm Manager 18 27%
Other 2 3%
Not indicated 22 33%
0-10 12 18%
Years of work experience in your responsibility | 11-20 21 32%
or position 21-30 11 17%
Not indicated 22 33%
<100 18 27%
Size _of the farm in terms of the number of birds >100 25 38%
or animals reared E—
Not indicated 23 35%
Extensive system 22 33%
Intensive system 18 27%
How are your animals reared? Other 3 5%
Not indicated 23 35%
35%
30%
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Figure 1: Food animals reared by farmers in KwaZulu-Natal
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Knowledge

The majority of farmers had adequate knowledge on antibiotic use, resistance, and stewardship (Figure
2). Fifty-five percent and 50% stated that antibiotic(s) were different to anti-inflammatory and anti-
pyretic medicines, respectively, while 3% considered them identical. Fifty-two percent of farmers stated
that antibiotics should only be administered to sick animals, 3% stated that it was acceptable to use a
lower or lesser dose of antibiotic than that prescribed by a veterinarian, 58% were aware of the correct
dosage of antibiotics to be administered, whereas 50% were aware that antibiotics could have harmful
effects on animals. Equal numbers of farmers (29% agreed and disagreed that antibiotics should be
stopped as soon as the animals' condition improved, while 42% did not answer the question).

Are antibiotics different from anti-inflammatory — 42%
agents? 3.0%
’ 55%
— 42%
Are antibiotics different from anti-pyretic agents ? 8%
50 %
Should antibiotics only be administered to sick 60/— 42%
. " 0
animals 7 52%
Is it acceptable to use a lower/lesser dose of ﬂ
antibiotic than that prescribed by a veterinarian? 3% 55%
0
Are you aware of the correct or proper dose of 0_ 42%
antibiotics to administer to your birds/animals? 0% 580
Do some antibiotics have harmful effects on W— 44%
. 9 0
animals? EN0h
Should the antibiotic be stopped as soon as the - 42%

29%

animal‘s condition improves?
P 29%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%
N/A®  No Wes

Figure 2: Farmers knowledge on antibiotic use

Farmers had different levels of knowledge on antibiotic use, resistance, and stewardship. Sixty-seven
percent of farmers agreed that antibiotic resistance is one of the most challenging problems in livestock
production, 81% agreed that antibiotics are not effective in humans because of their misuse and
overuse in humans, 44% agreed that antibiotics are not effective in humans because of their misuse
and overuse in animals, and 72% agreed that many common infectious diseases in human and animals
will be incurable in the future because of antibiotic resistance.

Farmers used various antibiotics to treat possible infections based on their knowledge. For example,
8% used sulphamethazine to treat diarrhoea, tetracycline to treat fever, penicillin (Duplocillin) to treat
urinary tract infection (UTI), and a fluoroquinolone (Entrovert) to treat respiratory tract infection; 3%
used penicillin (Duplocillin) to treat skin infection and ecto-parasitic infections, and 3% used penicillin
to treat parasitic gastroenteritis. Some farmers used antibiotic alternatives, such as antiprotozoal
halofuginone, vitamins, and broccoli for diarrhoea; non-steroidal anti-inflammatory drugs (NSAID’s) and
paracetamol for fever; Poulvac E. coli vaccine for UTI; NSAIDs for respiratory tract infections;
antiseptics for skin conditions; anti-parasitics, such as ivermectin, for ecto-parasitic infections; and anti-
parasitics in combination with antispasmodics for parasitic gastro-enteritis. Most farmers called on
veterinarians to advise on treatment.
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Attitudes

With respect to attitudes on antibiotic use, resistance, and stewardship (Table 2), 32% of farmers
indicated that they kept antibiotics on their farms for various reasons, including for emergency or later
use and to avoid travelling to veterinarians, 24% indicated that they last used antibiotics in the previous
month, 36% mentioned that the last antibiotic they used was prescribed by a veterinarian, 24% indicated
that they obtained the antibiotic that they last used from a veterinarian, 47% indicated that they observed
the specified withdrawal period for each antibiotic used, and 44% indicated that they sought guidance
from a veterinarian before they used the product.

Table 2 Farmer’s attitudes on antibiotic use in KwaZulu-Natal

Variables N Percent
Do you store or keep antibiotics on your farm? | No 10 15 %
Yes 21 32%
N/A 35 53%
When was the last time you used antibiotics on | In the last 6 months 8 12%
your animals? In the last month 16 24%
Last year 3 5%
Other 4 6%
Not indicated 35 53%
Was the last antibiotic you used prescribed by a | No 7 11%
veterinarian? Yes 24 36%
N/A 35 53%
Where did you buy the last antibiotic(s) you Co-operative 6 9%
used? Drug company 3 5%
Drug company (via 2 3%
representative)
Veterinarian 16 24%
Other 4 6%
N/A 35 53%
Do you observe the specified withdrawal period |Yes 31 47%
for each antibiotic you use to treat Not indicated 35 |53%
animals/birds?
Do you seek guidance from a veterinarian No 2 3%
before using antibiotic Yes 29 44%
(s) on your farm?
N/A 35 53%

Additionally, 94% of farmers believed that antibiotic use was associated with the risk of antibiotic
resistance emerging in animals, 84% believed that antibiotics can be easily and quickly given to
animals, 97% believed that antibiotics work effectively and quickly on sick animals, and 94% agreed
that antibiotics greatly reduce the rate of morbidity and mortality in animals. All participants (100%)
agreed that antibiotics should only be administered to animals after consulting veterinarians (Figure 3).
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Antibiotic use is associated with the risk of 6%
antibiotic resistance emerging in animals.

|
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Figure 3 Farmers’ attitudes on antibiotic resistance and stewardship

Eighty four percent (84%) of farmers agreed that technical progress in animal husbandry, such as
animal welfare, biosecurity, and hygiene decreases the need for and use of antibiotics and 48% agreed
that if consumers become aware of the current level of antibiotic use in food animal production, they
would buy less livestock; 36% agreed that the ban of antibiotic use as growth promoters in animals will
have a negative effect on livestock production; and 45% agreed that it was difficult to produce high-
quality livestock products at a reasonable price without antibiotics. Additionally, 13% of farmers agreed
that people working in food animal production systems were at high risk of carrying antibiotic resistance,
52% agreed that antibiotics reduced the risk of spreading infections from animals to humans and vice
versa, 45% agreed that antibiotic use in food animal production systems reduced the effectiveness of
the antibiotic in human medicine, 55% agreed that antibiotics were overused in food animal production
systems, 58% disagreed that disease in food animal production could be treated without antibiotics, 68
% disagreed that it was less expensive to keep animals healthy using antibiotics than improving flock
or herd management, 45% disagreed that rearing a large number of animals was only possible with the
use of antibiotics, 58% disagreed that disease caused by the conditions of intensive food animal
production could only be cured by antibiotics, 68% agreed that the quantity of antibiotics used on a farm
was a good indicator of the husbandry conditions; and 88% agreed that farmers can help to reduce or
stop the wide spread of antibiotic resistance (Figure 4).
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Figure 4: Farmers’ attitudes on antibiotic use, stewardship, and antibiotic alternatives in food animal
production systems

Practices

In terms of practices on antibiotic use and stewardship, 42% of farmers consulted a veterinarian before
they used antibiotics on their animals, 46% administered antibiotics following the instructions of the
veterinarians, 27% administered antibiotics following the instructions on package inserts/leaflets, 84%
mentioned that their veterinarians informed them about the risk of antibiotic use in their animals, 97%
mentioned that their veterinarians guided them on how to use antibiotics, 84% mentioned that their
veterinarians informed them about alternatives to antibiotics and how to use them, and 75% mentioned
that they consulted their veterinarians primarily for prescribing the drug they need. All farmers (100%)
mentioned that their veterinarians were the first point of contact for questions about diseases in their
animals. Additionally, 61% of farmers mentioned that their veterinarians prescribed antibiotics after
examination of animals, 94% disagreed that feed experts provide better advice on antibiotics than
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veterinarians, 68% kept records of all drugs used on their farm, 68% stated that they were not guided
by feed experts on the use of antibiotics and how they work, 57% mentioned that their feed expert did
not warn them about the risk of antibiotic use, 68% stated that their feed expert did not inform them
about alternatives to antibiotics and how to use them, and 81% mentioned that their feed expert was
not the first point of contact for questions about diseases in their animals (Figure 5).

Do you consult a veterinarian before you use antibiotics [l 5%

on your animals?

| administer antibiotics following the instructions of the
veterinarian.

| administer antibiotics following the instructions
package/leaflet.

My veterinarian informs me about the risks of antibiotic
use in my birds/animals.

My veterinarian guides me on the use ofantibiotics and
how they work.

My veterinarian informs me about alternatives to
antibiotics and how to use them.

| consult my veterinarian primarily for prescribing the
drugs | need.

My veterinarian is my first point of contact for questions
about diseases in my animals.

My veterinarian should prescribe antibiotics after he/she
has examined the animals.

Feed experts provide better advice on antibiotics than
veterinarians.

| keep a record of all drugs used on my farm.

My feed expert guides me on the use ofantibiotics
and how they work.

My feed expert warn me about the risks of
Antibiotic use.

My feed expert informs me about alternatives
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Figure 5: Farmers’ practices on antibiotic use and stewardship
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Farmers had different opinions on the strategies that could be used to keep animals healthy other than
antibiotic(s): 77% of farmers believed that feed quality and food that was adapted to the animal’s age
was very effective, 90% of farmers believed that fresh and clean drinking water was important, 22%
believed that an organic acid in the feed or water was effective, 71% believed that rearing fewer animals
in a larger space (stocking density) was effective, 90% believed that a stable climate or animal
environment (optimal air humidity, optimal ventilation, optimal temperature, and light) was effective,
16% believed that the use of medicinal plant extracts (e.g., eucalyptus or sage) to improve animals
health (phytotherapy) was effective, 45% believed that the use of anti-inflammatory agents or painkillers
was effective, 97% believed that systematic cleaning and disinfection of the animal production system
(hygiene program) was effective, and 97% of farmers believed that animal stress reduction (improved
transfer management and keeping age groups together) was effective.

Discussion

It is important to understand the KAP of non-veterinary personnel, such as farmers, on antibiotic use,
resistance, and stewardship to consider society’s approach to containing ABR. Farmers are personally
responsible for the administration of antibiotics in their food animal production systems and are driven
or guided by their KAP (Chambers et al., 2020). Understanding these factors will contribute to the
development of strategies that must be implemented to improve the prudent use of antibiotics and
minimize the health hazards of ABR in food animal production systems (Gemeda et al., 2020). A
descriptive, quantitative, questionnaire-based, online survey was conducted to assess farmers’
knowledge, attitudes, and practices to antibiotic use, resistance, and stewardship in food animal
production systems in KZN.

The majority of farmers were able to differentiate antibiotics from anti-inflammatory and anti-pyrectics,
while a minority considered them identical. Farmers who do not understand the mechanisms of action
of antibiotics as distinct from anti-inflammatories, analgesics, and antipyretics are more likely to use
them inappropriately (Ozturk et al., 2019). The majority of farmers agreed that antibiotics should only
be administered to sick animals while disagreeing with the administration of the lower or lesser dose of
antibiotic than that prescribed by a veterinarian, because of the consequences of such inappropriate
practice on ABR. The majority of farmers agreed that antibiotic resistance was one of the most
challenging problems in livestock production, and antibiotics were not effective in humans because of
their misuse and overuse in humans and animals. They also agreed that many common infectious
diseases in humans and animals would become incurable in the future because of antibiotic resistance.
Although they are concerned about ABR, some studies have demonstrated that farmers see the use of
antibiotics in food animal production systems as a tool to maintain and improve their production, income,
and profits, disregarding the evidence that inappropriate use of antibiotics in animals will contribute to
the development and spread of ABR, affecting both animal and human health (Reyher et al., 2017).

Farmers used various antibiotics i.e. penicillin (Duplocillin), a fluoroquinolone (Entrovert), tetracycline,
and sulphamethazine to treat illnesses such as diarrhoea, fever, urinary, and respiratory tract infections,
skin infections, ectoparasitic infections, and parasitic gastro-enteritis in their food animals. Some of
these antibiotics, such as penicillins, sulphamethazine, fluoroquinolones, and tetracyclines are also
used in humans. The use of the same classes of antibiotics in both humans and animals is among the
factors that contribute to the development and spread of ABR globally (Carriqgue-Mas et al., 2015)
especially where the antibiotic is considered critically important for human health (Abdalla et al., 2021).
Once bacteria develop resistance towards one specific antibiotic in a certain class whether in humans
or animals, they may easily become resistant to the rest of the antibiotic class or even unrelated
antibiotic classes (WHO, 2015).

Farmers indicated that they kept antibiotics on their farms for various reasons, including for emergency
or later use and to avoid long travelling distances to veterinarians, as some live in rural areas and taking
a large number of animals to the veterinarian is expensive. Some farmers stated that they keep
antibiotics and use them when they are sure of the disease or after calling the veterinarian for the
confirmation of the correct use and dose. According to one study that was conducted in Guatamala,
farmers stored and kept antibiotics on their farms due to difficulty in accessing antibiotics and
veterinarians, especially in rural areas. This led to inappropriate practices on antibiotic use and
subsequent ABR, due to lack of support and supervision from veterinarians (Snively-Martinez, 2019).
Farmers mentioned that the last antibiotic they used was prescribed by a veterinarian, and they also
obtained the antibiotic that they last used from a veterinarian. Farmers mentioned that they seek
guidance from a veterinarian before they use antibiotics, and they observed the specified withdrawal
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period for each antibiotic they used to treat their food animals. This demonstrated positive attitudes of
farmers. Previous studies mentioned that obtaining and using antibiotics without prescription and lack
of supervision by an authorized veterinarian is among the factors that contribute to inappropriate use of
antibiotics, including administration of the wrong antibiotic and wrong dosage for specific infections or
purposes, all of which contribute to the emergence/escalation of ABR (Phares et al., 2020).

All participants agreed that antibiotics should only be administered to animals after consulting
veterinarians, as a previous study stated that easy accessibility to antibiotics by over-the-counter
purchase by farmers also contributes to inappropriate use of antibiotics (Moudgil et al., 2018). Farmers
using antibiotics without the supervision of veterinarians may fail to comply with withdrawal periods,
defined as “the minimum time that must pass after the last administration of antibiotics to food animals
before entering the food supply chain”, to ensure that no antibiotic residues remain in the animal-
derived products and this may spread ABR through consumption of animal-derived products
contaminated with antibiotic residues (Xu et al., 2020). The majority of farmers said it is less expensive
to keep food animals healthy using antibiotics than improving flock or herd management, and that it
was difficult to produce high-quality livestock products at a reasonable price without antibiotics; they
agreed that technical progress in animal welfare such as animal husbandry, biosecurity and hygiene
will decrease the need for and use of antibiotics. Management and animal husbandry are among the
strategies that can be used to minimize the use of antibiotic(s) and the development of ABR in food
animal production systems through maintenance of herd hygiene, cleanliness, and sanitation
(Katsnelson, 2020). The majority of farmers agreed that people working in food animal production
systems were at high risk of carrying antibiotic resistance during food production practices such as
slaughtering, packaging, and transportation (Van den Honert et al., 2018).

Farmers consulted a veterinarian before they use antibiotics on their animals, and administered
antibiotics following the instructions of the veterinarians and/or insert package or leaflet. All farmers
mentioned that their veterinarians were the first point of contact for questions about diseases in their
animals. Farmers who consult veterinarians generally display better practices on antibiotic use,
resistance, and stewardship as they learn from their veterinarians (Schneider et al., 2018). Farmers
believed that feed quality and food that is adapted to the animal’s age, fresh and clean drinking water,
rearing fewer animals in a larger space (stocking density), and systematic cleaning and disinfection of
the food animal production system are effective non-antibiotic strategies. Various non-antibiotic
strategies including, but not limited to, infection control, biosecurity, vaccination, nutrition, hygiene, herd
health programmes, diagnostics, optimal housing, and transport management must be prioritized to
minimize the use of antibiotics in food animal systems (McCall, 2021). Farmers and other stakeholders,
including veterinarians, should lead the implementation of these strategies to reduce the use of
antibiotics in food animal production systems while maintaining food animal health, welfare, and
productivity (Kahn et al., 2019).

Conclusion

The majority of farmers (60%) who participated in the study, were from extensive (33%) and intensive
(27%) farming systems and showed an overall adequate level of knowledge, attitude, and practice.
They appeared to have better access to veterinarians and most received adequate education and
training on antibiotic use, resistance, and stewardship. However, there were gaps in the overall KAP of
farmers that can be improved through programs such as awareness campaigns, and education and
training on antibiotic use, resistance, and stewardship, including but not limited to, the non-antibiotic
strategies mentioned above. The implementation of antibiotic stewardship must be intensified to prevent
the use of “critically-important antibiotics” for human use in food animal production for therapeutic and
non-therapeutic purposes.
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