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Abstract: The excessive use of antimicrobials in agriculture significantly contributes to the 

development of antimicrobial resistance in human and animal health, and impacts food safety, food 

security, and the economy of the country. In the fight against antimicrobial resistance equipping future 

professionals and developing a coordinated intervention designed to improve use of antimicrobial 

agents is essential in the agriculture sector. The aim of this study was to investigate the knowledge, 

attitudes, and perceptions of final-year students enrolled in plant-related agricultural science programs 

at the University in South Africa on antimicrobial stewardship. A descriptive cross-sectional study 

design using a self-administered questionnaire was utilized. The participants were final-year students 

enrolled in agricultural science programs specializing in plant-related studies. Data was analysed using 

the IBM SPSS version 28 statistical software.  A total of 28 participants which was a 68.29% response 

rate was attained. The participants demonstrated a solid understanding of antimicrobial stewardship as 

they all correctly described its role; however, some misconceptions regarding important concepts were 

observed. The participants demonstrated a positive attitude towards antimicrobial resistance 

prevention, however, 28.6% felt it is an extra burden. They also recognized the global seriousness of 

antimicrobial resistance and its threat to them and their families, however, only 32.1% of them felt 

adequately prepared to contribute to the fight against it. Furthermore, there was moderate, positive 

association between the participants' overall AMS knowledge and their perception. The association 

between participants' perceptions and attitudes was found to be moderate and negative. No association 

was found between their AMS knowledge and their attitude. This study underscores the need to focus 

on perceptions and attitudes in the preparation of future agricultural science professionals on 

antimicrobial stewardship. 
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Introduction 

In agriculture, the use of antibiotics for plant bacterial diseases control such as fire blight in pears and 

apples and bacterial spots in peaches is a common practice (Verhaegen et al., 2023). These 

antimicrobials are usually applied to the plants via spraying, resulting in farmers and farm workers at 

great risk of exposure to these antimicrobials (Bartlett et al., 2013). This practice has been linked to the 

transfer of resistant genes to humans as new resistant pathogens and resistance determinants have been 

transmitted by ingestion of contaminated food or by direct contact with carrier from farms (Verhaegen 

et al., 2012; Chang et al., 2015; Nelson et al., 2019). Furthermore, antimicrobials which are commonly 

used therapeutically in plants such as tetracycline, triazoles, and streptomycin are also drugs of choice 

human health (Velazquez-Meza et al., 2022). However, despite being a major public health risk, 

antibiotics use in horticulture and plant agriculture is poorly monitored and less studied unlike in 

medical and veterinary medicines (WHO and FAO, 2018). Antimicrobial extensive use and misuse and 
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abuse in agriculture, has been associated with antimicrobial resistance (AMR) development in both 

humans and animals (Chang et al., 2015; Miller et al., 2022). AMR is a natural phenomenon in which 

microorganisms evolve and become either partially, or fully resistant to an antimicrobial agent 

rendering it ineffective (Nelson et al., 2019; Miller et al., 2022). AMR is a global public health threat 

that negatively impacts clinical patient treatment outcomes by making it difficult to treat common 

infectious diseases and contributing to long-term healthcare stays leading to increased treatment costs 

(Economou and Gousia, 2015; WHO, 2020; Uddin et al., 2021). Furthermore, according to WHO, 

(2020), the clinical pipeline for new antimicrobials is dry despite the rapid global spread of multi- and 

pan-resistant bacteria. Theuretzbacher et al., (2023) accounted this challenge to the costs, time frames 

and risks associated with development of new antibiotics chemistry; and the withdrawal from the 

antibiotics field by many large pharmaceutical companies. In the fight against infectious diseases, a 

multidisciplinary health workforce is one of the essential key approaches as it can effectively eliminate 

global barriers that exist due to disciplinary silos (Amuguni et al., 2019). Multi-sectoral, multi-agency 

approaches that go over national and regional borders are essential to deal with public health threats 

effectively, and this has been evident in the fight against diseases such as Ebola, Avian Influenza and 

COVID-19 (Heyman et al., 2015; Chen et al., 2020). In 2003 during the pathogenic Avian Influenza 

H5N1 spread, the term One Health was first used, and it was defined as “a collaborative, multi-sectoral, 

and transdisciplinary approach- working at the local, regional, national, and global levels to achieve 

optimal health outcomes recognising the interconnection between people, animals, plants and their 

shared environment” (MacKenzie and Jeggo, 2019; CDC, 2020). The One Health approach calls for 

collaboration between various sectors, professional disciplines, and communities in fostering well-

being and tackle threats to health and ecosystems while addressing the collective need for healthy food, 

energy, air and water; acting on climate change; and contributing to sustainable development 

(Adisasmito et al., 2022). Implementation of this approach in the fight against AMR is essential as 

Davies et al., (2015) noted that major behaviour changes across all professional health and other sectors, 

governments, organisations, patients, and the public are crucial fight against AMR. Antimicrobial 

Stewardship (AMS) is a coordinated intervention designed to improve and measure the appropriate use 

of antimicrobial agents by promoting the selection of the optimal antimicrobial drug regimen including 

dosing, duration of therapy and route of administration (Fishman, 2012). This coordinated intervention 

helps control AMR by optimizing the use of antimicrobials with an emphasis on their responsible and 

prudent use in both the animal and agriculture sectors (WHO, 2019). According to Ferreira et al. (2022), 

AMS support and promotion at global, national and local levels requires strong support pillars. The 

National Department of Health (NDoH) in South Africa has developed and implemented the National 

Antimicrobial Resistance Strategy Framework in 2015 which is aimed at addressing the growing 

problem of AMR in the country. The National AMR Strategy Framework illustrated in Figure 1 consists 

of four key enablers, which are legislative and policy reform for health systems strengthening, education 

and workforce development, communication, and research. 
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Figure 1: The National AMR Strategy framework with strategic enablers and strategic objectives for antimicrobial 

resistance governance in South Africa (NDoH, 2018) 

In this framework the three pillars identified to be critical in the prevention of AMR were Antimicrobial 

Stewardship (AMS), Infection Prevention and Control (IPC) and Surveillance enhancement (NDoH, 

2017).  The education and workforce development strategic enabler of this framework proposes 

collaborations with training institutions and health professional councils for incorporation of AMR 

strategies in the undergraduate and postgraduate curriculums (NDoH, 2018). However, the AMR 

modules incorporation into the curriculum is focusing on medical, nursing, allied health professionals, 

pharmacy, veterinary and para-veterinary professionals, overlooking  plant related agriculture and 

horticulture. This oversite is concerning as plant agriculture and horticulture have been identified as an 

emerging area of concern for AMR (WHO and FAO, 2018). AMR infections are estimated to be 

responsible for 10 million deaths each year globally and an estimated 100 trillion USD accumulative 

cost to the world’s economy by 2050, and if not harmonized this could force approximately 28.3 million 

people into extreme poverty (O’Neil, 2014). The agriculture sector can play a role in curbing AMR 

development rate in their field through appropriate use and enforcing compliance with regulatory 

frameworks for better use and control of antimicrobials (Miller et al., 2022). Moreover, it is important 

to ensure that future professionals in the field are well informed about AMR and its danger to human 

health because, according to WHO (2020), even if new antibiotics are produced, if people do not change 

how they use them, they will also eventually become ineffective. The main objective of this study was 

to asses knowledge, attitude and perceptions of students enrolled in a plant related agricultural science 

programme in a Tertiary University in South Africa on Antimicrobial Stewardship.  

Materials and Methods  
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Study site and sample size 

The study was conducted amongst final year agricultural science students enrolled for Bachelor of 

Science: Plant Science, Bachelor of Science Agriculture: Applied Plant and Soil Science and Bachelor 

of Science Agriculture: Plant Pathology at the University of Pretoria (UP), South Africa. This study site 

was selected due to the student diversity range and a similar study done at this university on Knowledge, 

Attitude and Perceptions among veterinary students (Smith et al., 2019). The Faculty of Natural and 

Agricultural Sciences (FNAS) at the University of Pretoria (UP) is located in the Hatfield campus. The 

Department of Plant and Soil Science offers the following degrees: Plant Science degree where students 

can specialize in plant diversity and ecology, plant biotechnology, plant pathology and medicinal plant 

science; Applied Plant and Soil Sciences degree and students can choose a specialization in agronomy, 

horticultural science, pasture science and soil science; Plant Pathology and students can choose a 

specialization in plant biotechnology, microbiology, genetics, plant production, entomology, and plant 

pathology. The target population were final year students in the Department of Plant and Soil Science 

registered for BSc: Plant Science, BSc Agriculture: Applied Plant and Soil Sciences degree, and BSc 

Agriculture: Plant Pathology. This population was targeted as they are enrolled in plant related 

agriculture and in their final year of study as they have covered majority of the presented curriculum 

and have already chosen their specialization field. A total of 41 students were enrolled for final year in 

the in the 2023 academic year, and all these students were set to be included in the study. Only 

participants who were willing and able to give consent were included, and both male and female 

students were included. 

Study design and data collection 

A quantitative cross-sectional study design was applied in this study, and data was collected with the 

use of a structured questionnaire. The questionnaire was developed and adapted from a quantitative 

cross-sectional study conducted by Da Silva Carvalho (2021). This questionnaire was found suitable as 

it successful in determining the knowledge and perception of agriculture students and prehealth biology 

students on antimicrobial stewardship in the study by Da Silva Carvalho (2021). Self-administered 

questionnaires were distributed through a Google form link which was loaded on the ClickUP system 

for participants to access. In the information letter the participants were informed of their right to 

withdraw from the study and that due to the anonymous nature of the study, withdrawing from 

participation would not be possible once the questionnaire had been submitted. All individuals who met 

the inclusion criteria had the same chance of participating in the study. 

The questionnaire’s face and content validity was confirmed in a pilot study conducted on 5 

participant’s responses to the questionnaire in the same population of final-year agricultural science 

students enrolled at the University of Pretoria. The main aim of the pilot study was to determine the 

consistency and appropriateness of the questions on the questionnaire; therefore, the same criteria for 

inclusion and exclusion as described for the main study were applied. This exercise led to removal of 

the question asking participant’s race as it was not necessary in the data analysis process and not an 

important factor in the study. The questionnaire was divided into four parts. The first section collected 

the participants’ demographic characteristics such as level of study, specialization, sex and age. The 
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second section accessed the participants’ knowledge of AMS and one health approach with a 

combination of two 3-point (yes, no, not sure) and six 5-point (strongly knowledgeable-not 

knowledgeable; and strongly agree- strongly disagree) Likert type statements. The third section 

assessed the participants’ perceived threat and benefit of AMS with eight 5-point Likert type statements 

(strongly agree-strongly disagree). The final section assessed the participants’ attitude towards AMS, 

with five 5-point Likert type statements (strongly agree- strongly disagree; highly important-not 

important; well informed-not at all informed) 

Ethical consideration 

Approval for this study was obtained from the University of Johannesburg, Faculty of Health Sciences 

research committee, Department of Environment Ethics Committee, Higher Degrees Committees and 

Research Ethics Committee (REC-1441-2022). Another approval was obtained from the University of 

Pretoria Faculty of Agricultural and Natural Sciences Research Committee (NAS 301/2022). The 

recruitment process was conducted strictly according to the University of Pretoria’s information 

governance policies and rules. 

Statistical analysis 

Data analysis was conducted using the IBM Statistical Package for the Social Sciences (SPSS) version 

28 statistical software. To describe the demographic data of the study population descriptive statistics 

was performed; summary statistics were performed, and contingency tables were drawn to calculate the 

frequencies. To determine the strength and direction of association between knowledge and perceptions 

which are the key theoretical concepts in the study the Spearman’s rank of correlation was performed. 

Results and interpretation 

Demographic characteristics of the participants 

A total of 28 (68.3%) of the students responded to the questionnaire, 60.71% of the participants were 

21 years of age, and 39.29% were 22 years of age. All the participants were enrolled for their final year 

of study and most of them were enrolled for Applied Plant and Soil Science, followed by Plant 

Pathology, and then 10.7% for Plant Science, at 53.6%, 25% and 10.7%, respectively. Unfortunately, 

10.7% of the participants did not respond to this question. Lastly, most of the participants were females 

(60.7%) and 39.3% were males. 

 

 

Table 1: Frequency table showing the participants ’demographic information from section 1 of the questionnaire 

  Frequency  Percentage 

Age 21 

22 

17 

11 

60.7 

39.3 
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Sex Female 

Male 

17 

11 

60.7 

39.3 

Field of study Plant Science 

Plant Pathology  

Applied Plant and Soil Science 

Did not specify  

3 

7 

15 

3 

10.7 

25 

53.6 

10.7 

Student’s knowledge towards Antimicrobial Stewardship 

The study participants (50% strongly agree and 50% agree) accurately described AMS in its role of 

optimizing antimicrobial use in the animal and agriculture sectors. They all also agreed (28.6% strongly 

agree and 71.4% agree) that in the fight against AMR communication between human, veterinary 

medicine, agronomy, ecology, environmental and evolutionary science is essential. Majority of the 

participants (92.9%) have not attended any webinar, workshop or conference where antimicrobial 

stewardship (AMS) was discussed. A total of 82.1% (35.7 knowledgeable and 46.4 somewhat 

knowledgeable) participants felt that they know what AMR and 17.9% were undecided. Furthermore, 

82.1% (32.1% strongly agreed and 50% agreed) of the participants agreed that frequent use of 

antibiotics in the medical and agricultural science field contributed to the antibiotic efficacy, and 17.9% 

disagreed. When asked if they agreed that there is no connection between antibiotics use and resistance 

development 64.3% (21.4% disagree and 42.9 strongly disagree) of the participants disagreed and only 

35.7% were undecided. However, when asked if antibiotics are used to kill viruses 14.3% of the 

participants agreed, 71.4% (39.3% disagree and 32.1% strongly disagree) disagreed and 14.3% were 

undecided. The details of the participant’s knowledge as interpreted above is illustrated in table 2. 

Table 2: Frequency table for data on participant’s knowledge about Antimicrobial Stewardship 

  Frequency  Percentage 

Antimicrobial stewardship helps to control 

antimicrobial resistance by optimizing the 

use of antimicrobials in the animal and 

agriculture sectors. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

14 

14 

0 

0 

0 

50 

50 

0 

0 

0 

Have you attended any webinar, 

workshop, or conference where 

antimicrobial stewardship was discussed? 

1. Yes 

2. No 

3. Not Sure   

2 

26 

0 

7.1 

92.9 

0 

Rate your overall level of knowledge of 

antimicrobial resistance 

1. Strongly Knowledgeable  

2. Knowledgeable  

3. Somewhat Knowledgeable  

4. Undecided  

5. Not Knowledgeable 

0 

10 

13 

5 

0 

0 

35.7 

46.4 

17.9 

0 

Frequent use of antibiotics in medicine and 

agriculture decreases the efficacy of 

antibiotics 

1. Strongly Agree 

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

9 

14 

0 

5 

0 

32.1 

50 

0 

17.9 

0 
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Antibiotics are powerful medicines to kill 

viruses 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

0 

4 

4 

11 

9 

0 

14.3 

14.3 

39.3 

32.1 

There is no connection between taking 

antibiotics and the development of 

resistant organisms 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

0 

0 

10 

6 

12 

0 

0 

35.7 

21.4 

42.9 

Communication between human medicine, 

veterinary medicine, agronomy and 

ecological, environmental and 

evolutionary science is essential in the 

fight against antimicrobial resistance. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

8 

20 

0 

0 

0 

28.6 

71.4 

0 

0 

0 

Assessment of perceived threat and benefit of AMS 

Majority of the participants 71.4% (14.3% strongly agree and 57.1% agree) felt that AMR will likely 

affect their health and that of their family’s health and 28.6% strongly disagreed. Overall, 71.4% (21.4% 

strongly agree and 50% agree) of the participants agree that AMR is a problem globally and in South 

Africa, while 28.6% were undecided. Only 42.9% (3.6% strongly agree and 39.3% agree) of the 

participants agree that the use of antibiotics in agriculture is a danger to human health, 46.4% (21.4% 

strongly disagree and 25 disagree) disagreed and 10.7% were undecided. Majority of the participants 

78.6% (28.6% strongly agree and 50% agree) acknowledged that antibiotics misuse will likely lead to 

resistance in the future and 21.4% disagreed. All the participants (28.51% strongly agree and 71.43% 

agree) of the participants believe that students in the agricultural science field should receive training 

on the appropriate use of antibiotics. The details of the participant’s AMS perceived threat and benefit 

is interpreted above also illustrated in table 3. 

Table 3: Frequency table for data on participant’s perception of Antimicrobial Stewardship 

  Frequency  Percentage 

Antibiotic resistance will affect your 

and your family’s health 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

4 

16 

0 

0 

8 

14.3 

57.1 

0 

0 

28.6 

Antimicrobial resistance is a major 

problem in South Africa and globally. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

6 

14 

8 

0 

0 

21.4 

50.0 

28.6 

0 

0 
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The use of antibiotics in farming is a 

danger to human health 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

1 

11 

3 

7 

6 

3.6 

39.3 

10.7 

25 

21.4 

If misused, antibiotics are less likely to 

work in the future 

1. Strongly Agree 

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

8 

14 

0 

6 

0 

28.6 

50.0 

0 

21.4 

0 

All agricultural science students should 

get training on the appropriate use of 

antibiotics. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

8 

20 

0 

0 

0 

28.51 

71.43 

0 

0 

0 

Assessment of participant’s attitude towards Antimicrobial Stewardship 

All the participants (39.3% strongly agree and 60.7% agree) of the participants felt that a positive 

attitude towards AMS is essential amongst agricultural science students. Majority of the participants 

71.4% (39.3% strongly agree and 32.1% agree) agreed that AMS knowledge is essential amongst 

agricultural science students, 28.6% disagreed. All the participants agreed that being informed about 

AMR in their career is important (60.7% highly important, 3.6% important and 35.7% somewhat 

important). However, only 71.4% of the participants felt informed (3.6% well informed, 21.4% 

informed and 46.4% somewhat informed) concerning the use of antimicrobials in plant health, while 

7.1% felt they were not at all informed on the topic, and 21.4% were undecided. Majority of the 

participants 71.5% (42.9% strongly disagree and 28.6% disagree) felt that antimicrobial use in plant 

health is not an extra burden of work, while 28.6% agreed that it is an extra burden of work. However, 

majority of them 92.8% (7.1% strongly agree and 85.7% agree) of the participants agreed that students 

as the future workforce can contribute to the fight against AMR in the country and only 7.1% disagreed. 

Most of the participants 85.2% (28.6% strongly agree and 56.6% agree) acknowledged that there is a 

need to control and monitor antibiotics dispensation without prescription, while 7.4% disagreed and a 

further 7.4% were undecided. Only 32.1% (10.7% strongly agree and 21.4% agree) of the participants 

felt they were well prepared to positively contribute to the fight against AMS, while 46.4% (21.4 

strongly disagree and 25% disagree) felt unprepared and 21.4% were undecided. Majority of the 

participants 92.8% (7.1 strongly agree and 85.7 agree) that students as future workforce can contribute 

to the work being done to control antimicrobial resistance in South Africa, while 7.1% disagreed. The 

details of the participant’s attitude towards AMS is interpreted above also illustrated in table 4. 

Table 4: Frequency table for data on participant’s attitude towards antimicrobial stewardship. 

  Frequency  Percentage 
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A positive attitude towards 

antimicrobial stewardship is essential 

amongst agricultural science students. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

11 

17 

0 

0 

0 

39.3 

60.7 

0 

0 

0 

Antimicrobial stewardship knowledge 

is essential amongst agricultural 

science students. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree  

11 

9 

0 

8 

0 

39.3 

32.1 

0 

28.6 

0 

How important do you think it is to be 

informed about antimicrobial 

resistance in your career? 

1. Highly Important 

2. Important 

3. Somewhat Important 

4. Undecided 

5. Not Important 

17 

1 

10 

0 

0 

60.7 

3.6 

35.7 

0 

0 

How well-informed do you think you 

are concerning antimicrobial use in 

plant health? 

1. Well Informed 

2. Informed 

3. Somewhat Informed 

4. Undecided 

5. Not at all informed 

1 

6 

13 

6 

2 

3.6 

21.4 

46.4 

21.4 

7.1 

In your opinion management of 

antimicrobial use in plant health is an 

extra burden of work. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

0 

8 

0 

8 

12 

0 

28.6 

0 

28.6 

42.9 

Students as future workforce can 

contribute to the work being done to 

control antimicrobial resistance in 

South Africa. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

2 

24 

0 

2 

0 

7.1 

85.7 

0 

7.1 

0 

Dispensation of antibiotics without 

prescription should be closely 

controlled and monitored. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

8 

16 

2 

2 

0 

28.6 

56.6 

7.4 

7.4 

0 

Do you feel you have been well 

prepared to contribute to the fight 

against antimicrobial stewardship 

positively 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

3 

6 

6 

7 

6 

10.7 

21.4 

21.4 

25 

21.4 
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Students as future workforce can 

contribute to the work being done to 

control antimicrobial resistance in 

South Africa. 

1. Strongly Agree  

2. Agree  

3. Undecided  

4. Disagree  

5. Strongly Disagree 

2 

24 

0 

2 

0 

7.1 

85.7 

0 

7.1 

0 

Assessment of findings in the context of the conceptual framework 

To determine strength and direction of association amongst the three theoretical concepts knowledge, 

attitude and perceptions in this study a Spearman’s rank order was performed. There was no association 

between the participant’s knowledge and attitude in this study as the Spearman’s correlation was not 

statistically significant. The association strength was moderate and positive between the participant’s 

knowledge and their perception in the current study. The correlation strength between the participant’s 

perceptions and their attitude was moderate and the association in the current study was negative. 

Table 5: Spearman’s correlation for participant’s knowledge, perceptions and attitude variables showing the p-

value and the 95% Confidence Intervals. 

Variables Correlation 

coefficient 

p-value 95% 

Confidence 

intervals 

Knowledge variable  Attitude variable    

Antimicrobial stewardship 

helps to control 

antimicrobial resistance by 

optimizing the use of 

antimicrobials in the animal 

and agriculture sectors. 

A positive attitude 

towards antimicrobial 

stewardship is essential 

amongst agricultural 

science students? 

-.073 .712 -.444 - .319 

Knowledge variable  Perceptions variable    

Antimicrobial stewardship 

helps to control 

antimicrobial resistance by 

optimizing the use of 

antimicrobials in the animal 

and agriculture sectors. 

Antibiotics resistance will 

affect you and your 

family’s health 

.438 .020 .066 - .703 

Perceptions variable Attitude variable    

Antibiotics resistance will 

affect you and your 

family’s health 

A positive attitude 

towards antimicrobial 

stewardship is essential 

amongst agricultural 

science students? 

-.408 .031 -.684 - -.029 

Discussion  

The main purpose of this study was to assess knowledge, attitude and perceptions on antimicrobial 

stewardship (AMS) among final-year students enrolled in plant related agricultural science programme. 
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This research was conducted within the framework that if the future workforce in any field is adequately 

equipped on AMS’s purpose and aim as reflected in their knowledge, perceptions and attitudes, they 

will significantly contribute in the fight against it. AMS’s main aim is to aid in the control of 

antimicrobial resistance (AMR) by optimizing the use of antimicrobials with an emphasis on their 

responsible and prudent use in the animal and agriculture sectors (WHO, 2019). In assessing the level 

of knowledge on AMS amongst the participants several questions on AMR, the use of antimicrobials, 

and the purpose of AMS were asked. The participants said they were knowledgeable on AMR (82.1%), 

and all agreed that AMS helps to control AMR by optimizing the use of antimicrobials in the animal 

and agriculture sectors. They were then asked on the use of antibiotics and the development of 

resistance, so to further their knowledge of resistance development. Majority of the participants (82.1%) 

agreed that frequent use of antibiotics in the medical and agricultural science field contributed to the 

antibiotic efficacy, but only 64.3% of them knew that there is no connection between antibiotics use 

and resistance development. Similar to this study, a high knowledge of antimicrobial use was reported 

in a study by Singh (2016) among health professional students in South Africa (SA) and amongst final-

year medical students in Malawi by Kamoto et al. (2020). However, a study by Fasina et al., (2020), 

amongst pre-final and final-year veterinary students from South Africa, Nigeria and Sudan reported a 

poor to average knowledge of antimicrobial stewardship. Another study in Zambia by Kalungia et al. 

(2019), also demonstrated poor AMS knowledge among participants. The number of participants 

(14.3%) who indicated that antibiotics could be used to treat viruses and the other 14.3% who were 

undecided are a great concern, as this misinformation according to Ayukekbong et al. (2017), 

contributes significantly to antibiotic misuse and the development of antimicrobial resistance. To 

evaluate the knowledge and perceptions of antimicrobial resistance, Smith et al. (2019) conducted a 

study among final-year veterinary students in South Africa. The study revealed gaps in translating 

theoretical concepts to clinical practice among the students. This might be a similar problem in the 

current study as some students said there is no connection between antibiotics use and development of 

resistance and also said antibiotics are a powerful medicine to kill viruses instead of bacteria.  

Chin and Mansori (2019), emphasize that when an individual perceives a health problem as serious, 

they will engage in behaviours to prevent it from occurring or reduce its severity. Majority of the 

participants (78.6%) agreed that if antibiotics are misused, they will likely not work in the future, and 

42.9% of them acknowledged that antibiotic use in their field is dangerous to human health. 

Furthermore, 71.4% of them believe that  their health and that of their family members can be affected 

by AMR. When an individual perceive that they are susceptible to a particular health problem, they will 

likely engage in behaviour to mitigate their risk of developing it (Jones et al., 2015; Ancillotti et al., 

2018; Vaillant et al., 2019). Similar to the current study in the study by Kalungia et al. (2019), it was 

reported that the majority of the participants perceived AMR as a problem. However, a study by Da 

Silva Carvalho (2021) showed that agricultural science students perceived antibiotic resistance as less 

threatening in their field of study. In a study by Wasserman et al. (2017) a high perceived threat towards 

AMR and perceived susceptibility was recorded and this was believed to likely cause the participants 

to actively engage in behavior to mitigate their risk of developing AMR (Jones et al., 2015; Ancillotti 

et al., 2018; Vaillant et al., 2019). 
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All the participants in this study acknowledged that it is essential to have a positive attitude towards 

AMS, they also felt it was important to be informed about AMR in their career field, and majority 

(71.4%) of them felt that AMS knowledge is essential in their field.  Participants in the current study 

demonstrated a good overall attitude towards AMS, and according to Singh (2016), attitude can be used 

to determine a one’s acceptance of the AMS and AMR concepts. In a study by Jairoun et al. (2019b) 

among university students in the United Arab Emirates (UAE) and another conducted by Fetensa et al. 

(2020), graduating health science students demonstrated a good attitude towards AMR and antibiotics 

use in general. Several studies identified a positive learning attitude and willingness to participate in the 

fight against AMS amongst the students (Wasserman et al., 2017; Kalungia et al., 2019; Kamoto et al., 

2020). Most participants (71.4%) acknowledged that AMR is a global problem. Murray et al. (2022), 

emphasizes that in the prevention of  AMR’s development and spread,  determination to improve 

antimicrobial use governance is essential. In the current study majority (85.2%) of the participants 

agreed that antibiotic dispensation needs to be controlled and closely monitored. A study by Welsh et 

al. (2019) suggested that easily available over-the-counter antibiotic usage in the farming sector in most 

unindustrialized countries influences the level and rate of antibiotic usage in the sector and exacerbates 

AMR. Moreover, most participants (92.8%) agree that they can contribute to the AMR mitigation as 

the future workforce in the agricultural science field. Miller et al. (2022)  emphasizes that agricultural 

science structures can play a key role in the fight against AMR by conforming to appropriate use, 

guidelines, strengthening and enforcing compliance with regulatory frameworks for better use and 

control of antimicrobials. In a study by Lubwama et al. (2021), even though students knew a lot about 

antimicrobial resistance, they still preferred that the topic be included in their undergraduate curriculum 

training. Therefore, identifying focus areas in the incorporation of AMS in the curriculum of plant 

related programmes at the institutions of higher learning is essential in sensitising the future workforce 

on the topic of AMR. However, despite all this sound knowledge, high level of perceived threat, and 

willingness to contribute towards AMR mitigation only a few (32.1%) of the participants felt they were 

well prepared to contribute to the fight against AMS positively. In a study conducted among medical 

students, Wasserman et al. (2017) emphasized that when the students feel inadequately prepared to deal 

with AMR, they may contribute to antibiotic misuse and antibiotic resistance.  

To understand the logical order of associated concepts in the current study, the conceptual framework 

as proposed by Muleme et al., (2017) and Liu et al., (2019) was used. Spearman’s Rank correlation 

coefficient which is a statistical test used to determine the correlation strength between two variables 

was employed to determine the strength and direction of association between the three key theoretical 

concepts in this study (Song and Park, 2020). This nonparametric method is employed in small sample 

sizes (less than 30), as is the case in the current study (Song and Park, 2020). The correlation between 

the participant’s knowledge and perception was found to be significant, positive and moderate. 

Therefore, the monotonic relationship between them showed that as the participant’s knowledge 

increases their perception on AMS was also increasing. Lippold, Coffman and Greenberg (2014), noted 

that knowledge and perception variables can be influenced by many confounding variables, which may 

affect the main relation between them. The relationship between the participant’s perceptions and their 

attitude was found to be significant, negative and moderate. This means that there is a monotonic 

relationship between them and as participant’s perceived threat increases their attitude towards AMS 

decreases. The relationship between participant’s knowledge and their attitude was not statistically 
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significant and therefore, there is no association between these two concepts in the current study. 

Amongst the three key theoretical concepts, correlation was found between the participant’s knowledge 

and their perceptions and between their perceptions and their attitude towards antimicrobial resistance. 

Conclusion  

In this study, knowledge relates to the extent of awareness and the participants' ability to understand 

antimicrobial use, misuse, and control; attitude related to their awareness and their willingness or 

readiness to deal with or participate in AMR prevention measures; and perception related to their  

acknowledgement of the seriousness and the consequences of AMR, as well as their sensitivity towards 

it. The participants exhibited a good awareness and understanding of AMR. However, some needed to 

gain more knowledge as they had misinformation, which can contribute to antibiotic misuse and 

antimicrobial resistance development. The participants showed a willingness and a positive attitude 

towards participating and playing a role in AMR prevention. Moreover, several felt it was essential to 

be informed about AMR in their study field. The participants acknowledge the seriousness of AMR and 

that they and their families might be directly affected by it. However, most participants felt they needed 

more preparation to contribute to the fight against AMS positively. Lastly, in this study as the 

participants showed more awareness and understanding of antimicrobial use, misuse, and control they 

also demonstrated an increased acknowledgement of its seriousness and the consequences of AMR. 

However, as the participant’s showed more sensitivity towards the seriousness of AMR their attitude 

which encompasses willingness and readiness to deal or participate in AMR prevention measures 

decreased. It is, therefore, essential to ensure that the future workforce is not only knowledgeable but 

has a positive attitude and perception towards AMS to avoid antimicrobial misuse.  

Acknowledgements  

The authors would like to appreciate the support and participation of all the final year students at the 

University of Pretoria.  

Declaration of Interest Statement 

The authors declare that they have no conflict of interests. 

 

 

References  

Adisasmito, W.B., Almuhairi, S., Behravesh, C.B., Bilivogui, P., Bukachi, S.A., Casas, N., Becerra, 

N.C., Charron, D.F., Chaudhary, A., Zanella, J.R.C. and Cunningham, A.A. (2022). One 

Health: A new definition for a sustainable and healthy future. PLoS Pathogens, 18(6), 

p.e1010537. 



Tshitshi L and Magunga BT/ Antimicrobial Stewardship: Knowledge, Attitude and Perception……… 

34 

 

Amuguni, H., Bikaako, W., Naigaga, I., and Bazeyo, W. (2019). Building a framework for the design 

and implementation of One Health curricula in East and Central Africa: OHCEAs One Health 

training modules development process. One Health, 7. 

Ancillotti, M., Eriksson, S., Veldwijk, J., Nihlén Fahlquist, J., Andersson, D. I. and Godskesen, T. 

(2018). Public awareness and individual responsibility needed for judicious use of antibiotics: 

a qualitative study of public beliefs and perceptions. BMC Public Health, 18, 1-9. 

Ayukekbong, J. A., Ntemgwa, M and Atabe, A. N. (2017). The threat of antimicrobial resistance in 

developing countries causes and control strategies. Antimicrobial Resistance and Infection 

Control, 6(1), 1-8. 

Bartlett, J. G., Gilbert, D. N and Spellberg, B. (2013). Seven Ways to Preserve the Miracle of 

Antibiotics. Clinical Infectious Diseases, 56, 1445-1450. 

Centers for Disease Control and Prevention (CDC). (2020, February). Saving lives by taking a One 

Health approach: connecting human, animal, and environmental health. National Center for 

Emerging and Zoonotic Infectious Diseases (NCEZID) One Health Office. Available at: 

https://www.cdc.gov/onehealth/pdfs/OneHealth-FactSheet-FINAL.pdf. Accessed: 27 January 

2024. 

Chang, Q., Wang, W., Regev-Yochay, G., Lipsitch, M., and Hanage, W. P. (2015). Antibiotics in 

agriculture and the risk to human health: how worried should we be? Evol. Appl. 8, 240–245. 

doi: 10.1111/eva.12185 

Chen, Z., Cao, C. and Yang, G. (2020). Coordinated multi-sectoral efforts needed to address the 

COVID-19 pandemic: lessons from China and the United States. Global Health Research and 

Policy, 5(1), p.22. 

Chin, J. H. and Mansori, S. (2019). Theory of planned behavior and health belief model: Females’ 

intention on breast cancer screening. Cogent Psychology, 6(1), 1647927. 

Da Silva Carvalho, C. M. (2021). Knowledge and Perceptions of Antibiotic Resistance Stewardship 

among Prehealth and Agriculture Students. 

Davies, D. S., Shallcross, L. and Watson, J. (2015). Global overview. Antimicrobial Resistance (AMR) 

CONTROL 2015, 11. 

Fasina, F. O., LeRoux-Pullen, L., Smith, P., Debusho, L. K., Shittu, A., Jajere, S. M., Olubunmi G., 

Van Dyk, D., Abubakar, M.S., Onakpa, M.M., Ali, M.M., Yousuf, H.S. and Sirdar, M. M. 

(2020). Knowledge, Attitudes, and Perceptions Associated with Antimicrobial Stewardship 

Among Veterinary Students: A Multi-Country Survey from Nigeria, South Africa, and Sudan. 

Frontiers in Public Health, 8, 630. 



Proceedings of the International Conference on Public Health, Vol. 9, Issue. 2, 2024, pp.21-37 

35 

 

Fetensa, G., Wakuma, B., Tolossa, T., Fekadu, G., Bekuma, T.T., Fayisa, L., Etafa, W., Bekela, T., 

Besho, M., Hiko, N. and Bayou Bekele, M. (2020). Knowledge and attitude towards 

antimicrobial resistance of graduating health science students of Wollega University. Infection 

and Drug Resistance, pp.3937-3944. 

Fishman, N., Society for Healthcare Epidemiology of America (SHEA), and Infectious Diseases 

Society of America (IDSA). (2012). Policy Statement on Antimicrobial Stewardship by the 

Society for Healthcare Epidemiology of America (SHEA), the Infectious Diseases Society of 

America (IDSA), and the Paediatric Infectious Diseases Society (PIDS). Infection Control and 

Hospital Epidemiology, 33(4), 322-327. 

Heymann, D.L., Chen, L., Takemi, K., Fidler, D.P., Tappero, J.W., Thomas, M.J., Kenyon, T.A., 

Frieden, T.R., Yach, D., Nishtar, S. and Kalache, A. (2015). Global health security: the wider 

lessons from the West African Ebola virus disease epidemic. The Lancet, 385(9980), pp.1884-

1901. 

Jones, C. L., Jensen, J. D., Scherr, C. L., Brown, N. R., Christy, K. and Weaver, J. (2015). The health 

belief model as an explanatory framework in communication research: exploring parallel, 

serial, and moderated mediation. Health communication, 30(6), 566-576. 

Kalungia, A.C., Mwambula, H., Munkombwe, D., Marshall, S., Schellack, N., May, C., Jones, A.S.C. 

and Godman, B. (2019). Antimicrobial stewardship knowledge and perception among 

physicians and pharmacists at leading tertiary teaching hospitals in Zambia: implications for 

future policy and practice. Journal of chemotherapy, 31(7-8), pp.378-387. 

Kamoto, A. (2020). Knowledge, attitude and perception on antimicrobial use and antimicrobial 

resistance among final year medical students in the College of Medicine, Malawi. Malawi 

Medical Journal, 32(3), 120-123. 

Lippold, M. A., Coffman, D. L and Greenberg, M. T. (2014). Investigating the potential causal 

relationship between parental knowledge and youth risky behavior: a propensity score analysis. 

Prevention science: the official journal of the Society for Prevention Research, 15(6), 869–878. 

doi:10.1007/s11121-013-0443-1. 

Lubwama, M., Onyuka, J., Ayazika, K.T., Ssetaba, L.J., Siboko, J., Daniel, O. and Mushi, M.F. (2021). 

Knowledge, attitudes, and perceptions about antibiotic use and antimicrobial resistance among 

final year undergraduate medical and pharmacy students at three universities in East Africa. 

PLoS One, 16(5), p.e0251301. 

Mackenzie, J. S. and Jeggo, M. (2019). The One Health approach. Why is it so important? Tropical 

medicine and infectious disease, 4(2), 88. 

Miller, S. A., Ferreira, J. P. and LeJeune, J. T. (2022). Antimicrobial use and resistance in plant 

agriculture: a one health perspective. Agriculture, 12(2), 289. 



Tshitshi L and Magunga BT/ Antimicrobial Stewardship: Knowledge, Attitude and Perception……… 

36 

 

Muleme, J., Kankya, C., Ssempebwa, J. C., Mazeri, S. and Muwonge, A. (2017). A framework for 

integrating qualitative and quantitative data in knowledge, attitude, and practice studies: a case 

study of pesticide usage in eastern Uganda. Frontiers in public health, 5, 318. 

Murray, C.J., Ikuta, K.S., Sharara, F., Swetschinski, L., Aguilar, G.R., Gray, A., Han, C., Bisignano, 

C., Rao, P., Wool, E. and Johnson, S.C. (2022). Global burden of bacterial antimicrobial 

resistance in 2019: a systematic analysis. The Lancet, 399(10325), pp.629-655. 

National Department of Health (NDoH). (2017). Implementation of the Antimicrobial Strategy in South 

Africa: One Health Approach and Governance. 1–39. Available at: http://nahf.co.za/guidelines-

on-the-implementation-of-the-antimicrobialstrategy-in-south-africa-2017-07-14/. Accessed: 

26 March 2021. 

National Department of Health (NDoH). (2018). Antimicrobial Resistance National Strategy 

Framework 2014-2024. Available at: 

http://www.health.gov.za/index.php/component/phocadownload/category/199-antimicrobial-

resistance. Accessed: 26 March 2021. 

Nelson, D.W., Moore, J.E. and Rao, J.R. (2019). Antimicrobial resistance (AMR): significance to food 

quality and safety. Food quality and safety, 3(1), pp.15-22. 

O’Neil, J. (2014). Review on Antibiotic Resistance. Antimicrobial Resistance: Tackling a Crisis for the 

Health and Wealth of Nations. Health Wealth Nations, 1-16. Available at: https://amr-

review.org/sites/default/files/AMR%20Review%20Paper%20-

%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_

1.pdf. 

Smith, P. W., Agbaje, M., LeRoux-Pullen, L., Van Dyk, D., Debusho, L. K., Shittu, A. and Fasina, F. 

O. (2019). Implication of the Knowledge and Perceptions of Veterinary Students of 

Antimicrobial Resistance for Future Prescription of Antimicrobials in Animal Health, South 

Africa. Journal of the South African Veterinary Association, 90(1), 1-8. 

Song, H. Y., and Park, S. (2020). An analysis of the correlation between personality and visiting place 

using Spearman's rank correlation coefficient. KSII Transactions on Internet and Information 

Systems (TIIS), 14(5), 1951-1966. 

Theuretzbacher, U., Baraldi, E., Ciabuschi, F. and Callegari, S. (2023). Challenges and shortcomings 

of antibacterial discovery projects. Clinical Microbiology and Infection, 29(5), pp.610-615. 

Velazquez-Meza, M. E., Galarde-López, M., Carrillo-Quiróz, B. and Alpuche-Aranda, C. M. (2022). 

Antimicrobial resistance: One Health approach. Veterinary World, 15(3), 743. 

Verhaegen, M., Bergot, T., Liebana, E., Stancanelli, G., Streissl, F., Mingeot-Leclercq, M.P., Mahillon, 

J. and Bragard, C. (2023). On the use of antibiotics to control plant pathogenic bacteria: a 

genetic and genomic perspective. Frontiers in Microbiology, 14. 



Proceedings of the International Conference on Public Health, Vol. 9, Issue. 2, 2024, pp.21-37 

37 

 

Wasserman, S., Potgieter, S., Shoul, E., Constant, D., Stewart, A., Mendelson, M. and Boyles, T. H. 

(2017). South African Medical Students’ Perceptions and Knowledge About Antibiotic 

Resistance and Appropriate Prescribing: Are We Providing Adequate Training to Future 

Prescribers? South African Medical Journal, 107(5), 405-410. 

World Health Organization (WHO) and the Food and Agriculture Organization of the United Nations 

(FAO). (2018). Report 11th FAO/WHO Joint Meeting on Pesticide Management 9–12 October 

2018 Rome. 

World Health Organization. (2020). Antimicrobial Resistance. Available at: https://www.who.int/news-

room/fact-sheets/detail/antimicrobial-resistance. Accessed: 27 March 2021. 


	Introduction

