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Abstract - Antimicrobial Resistance (AMR) is the ability of microorganisms to withstand antimicrobial medications 

that previously could eliminate non-resistant strains. A major driver of AMR is irrational antibiotic use and 

inappropriate disposal. This cross-sectional survey was conducted in Wa Municipality, Upper West Ghana. 

Convenience sampling recruited 417 participants: 303 general public residents, 51 clinicians, and 63 pharmacists. 

Separate questionnaires collected demographics and information on antibiotic knowledge, attitudes, prescribing 

practices, and usage behaviors. Data was analyzed using IBM SPSS Statistics. The general public had limited 

knowledge of appropriate antibiotic use; 66% consumed antibiotics without prescriptions, correlated with education 

level. Nearly half disposed of antibiotics in household waste. Clinicians (85%) reported high patient demand for 

antibiotics, driving over-prescription. Most (76%) supported developing local AMR guidelines. Many pharmacists 

(66%) dispensed antibiotics without prescriptions and prolonged recommended durations. The results reveal critical 

gaps in AMR knowledge and risky antimicrobial use practices among all groups in this region. Implementing 

tailored educational campaigns, treatment guidelines, environmental strategies, and antimicrobial stewardship 

programs with stakeholder engagement can promote prudent use and curb resistance. Ongoing research should 

assess changes in knowledge, attitudes and behaviors over time. 

Keywords - Antimicrobial resistance, Clinicians, Pharmacists, The general public, Antibiotic stewardship. 

1. Introduction 
Antibiotics are a class of antimicrobial drugs that kill or stop the growth and replication of bacteria (Singh et 

al., 2017). Their discovery and use in medicine revolutionized the 20th century, increasing average global human 

life expectancy by more than 20 years (Hutchings et al., 2019). Antibiotics work by targeting essential bacterial cell 
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mechanisms and physiology, ultimately killing or preventing the spread of bacteria (Kapoor et al., 2017; Tenover, 

2006). For example, cell wall synthesis inhibitors like penicillin disrupt the construction of bacterial cell walls, 

causing the cells to burst. Protein synthesis inhibitors such as tetracycline prevent bacterial ribosomes from 

making essential proteins. Antibiotics like sulfonamides and trimethoprim interfere with key steps in bacterial 

folic acid metabolism, which is necessary for growth. With the widespread use of antibiotics around the world, 

antibiotic resistance has become a major problem. Resistant bacteria can withstand doses of antibiotics that would 

previously have killed them. Data from regions with high antibiotic use shows a direct link between usage levels 

and resistance rates. This confirms that inappropriate and excessive antibiotic use drives the global rise of 

antimicrobial resistance (Goossens et al., 2005; Llor & Bjerrum, 2014).  

Some key factors contributing to imprudent antibiotic utilization include: 

 Uncertainty in clinical diagnosis prompts unnecessary antibiotic prescribing. 

 Inadequate knowledge among prescribers regarding proper indications and stewardship. 

 Patient demands, expectations, and pressures to prescribe antibiotics. 

 Financial incentives tied to antibiotic sales volumes. 

 Limited regulation of antibiotic access and prescribing. 

 Self-medication with antibiotics without medical oversight. 

 Non-compliance with completing prescribed antibiotic treatment courses. 

 Overuse of antibiotics in livestock and agriculture. 

 Lack of public understanding about antibiotic indications, resistance risks, and proper use. 

(Andrajati et al., 2017; Asante et al., 2017; El Sherbiny et al., 2018; Yevutsey et al., 2017) 

 Antibiotic misuse has several risks, including the development and spread of resistant organisms in 

populations, failed treatments, increased expenses due to longer care or the need for last-line medications, and 

organ toxicities or adverse effects (Maira Faizullah, 2017). Antimicrobial Resistance (AMR) is the ability of 

microbes to survive and grow even when exposed to medications designed to kill them (Abushaheen et al., 2020). 

AMR is a major global problem driven by lax regulation around access and use of antibiotics and disposal of 

same in many countries (Hernando-Amado et al., 2019).  

The improper disposal of leftover antibiotics contributes to AMR by releasing residues into the environment 

that exert selective pressure on bacteria and facilitate resistance gene transfer (Ayukekbong et al., 2017; Bernabé et 

al., 2017; El Sherbiny et al., 2018; Hernando-Amado et al., 2019; Maira Faizullah, 2017). Improperly disposed of 

antibiotics at landfills can become reservoirs of resistant microbes and promote resistance gene transfer. 

(Ayukekbong et al., 2017; Lubick, 2010; Sasu et al., 2011). This study evaluated current knowledge, attitudes, 

practices, and perceptions regarding antimicrobial use and resistance, specifically in Wa Municipality, Ghana. 

The focus included healthcare professionals (clinicians, pharmacists) and the general public.  

Wa Municipality represents an understudied rural region where consequences of antimicrobial misuse often 

go unrecognized due to limited surveillance capacity. Assessing the local context is imperative, as cultural beliefs, 

social norms, and health infrastructure shape antimicrobial knowledge and practices regionally (Hassali et al., 

2015). Identifying gaps can inform future public health initiatives promoting prudent antimicrobial use and 

stewardship. 

2. Methodology 
2.1. Study Design and Setting 

Wa Municipality, Upper West Region, Ghana, was the site of this cross-sectional study. The population of Wa 

Municipality, which has a land area of 579.86 km2, is primarily rural. 
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2.2. Study Population and Sampling 

The study population comprised three groups: General public residents of Wa Municipality, Clinicians at 

healthcare facilities in Wa Municipality, and  Pharmacists at healthcare facilities in Wa Municipality. Convenience 

sampling was used to recruit participants within each group. Questionnaires were distributed both online and in 

person to maximize participation. The final sample included 303 general public respondents, 51 clinicians, and 63 

pharmacists. 

2.3. Survey Instrument 

Separate questionnaires were designed for each study group using Google Forms. Questionnaires collected 

information on categories such as demographics, knowledge of antibiotic use, resistance, prescribing, attitudes 

towards antibiotic use and resistance, self-reported prescribing and dispensing practices, and antibiotic usage 

behaviors. The general public survey contained 15 knowledge and 10 attitude/practice questions. The clinician 

and pharmacist surveys had 20 questions, each assessing knowledge, attitudes, and practices. 

2.4. Data Collection and Analysis 

Prior to analysis, completed surveys were gathered, with all identifiable information deleted. Using IBM SPSS 

Statistics Version 22, data was examined. Descriptive statistics were used to summarize survey data and 

demographic information. By using Pearson’s chi-square tests, relationships between knowledge, attitudes, and 

practices were compared. Statistical significance was defined as p<0.05. 

2.5. Ethical Considerations 

All participants gave their informed consent and participated voluntarily. The privacy of all information was 

protected during data gathering and analysis. 

3. Results and Discussion 
3.1. Descriptive Analysis – Public 

The study included 303 respondents: 233 males and 70 females aged 15-60 years. Most of the respondents 

(197) lived in urban areas of Wa Municipality, while 106 lived in rural areas. The majority of respondents (83%) 

had tertiary education and a variety of occupations, with students being the most common occupation. Table 1 

summarizes general public responses regarding antibiotic use practices. Antibiotic “self-medication” is 

widespread and often incorrect, as seen by the 66% of respondents who confessed to using antibiotics without a 

doctor’s prescription. This facilitates misuse, resistance, and potential adverse effects. More than half of the 

people surveyed prefer to use antibiotics for sore throats, usually caused by viruses, not bacteria (Shulman et al., 

2012). Nearly half of the people surveyed throw away leftover antibiotics in the trash. Antibiotics should be 

disposed of properly (e.g., returned to a pharmacy) to prevent antibiotic contamination of the environment. Table 

2 shows how knowledgeable the general public is about antibiotics and resistance. Over half knew that resistance 

develops when antibiotics cannot kill infections.  

However, some think that resistance is the body’s tolerance for antibiotics, which shows that there are 

misunderstandings about how resistance develops. According to a recent study, the general public uses 

antibiotics ineffectively. This is shown by the fact that people buy antibiotics from pharmacies without a 

prescription, do not follow the prescribed medication schedule, and use antibiotics to prevent conditions that they 

are not approved to treat. Not finishing the entire course of antibiotics a doctor recommends can cause bacteria to 

become resistant, which likely results in a higher likelihood of antibiotic resistance developing (Karuniawati et al., 

2021). About half of the people surveyed knew that antibiotics are ineffective against viruses, so misconceptions 

about antibiotics are common. There were knowledge gaps about how antibiotic resistance can spread, although 

64% of the people surveyed agreed that antibiotic overuse in animals contributes to human antibiotic resistance. 
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Table 1. Summary of attitude-based questions 

Questions Yes No 

Consumption of antibiotics without a doctor’s 

prescription 
200 (66%) 103 (34%) 

Knowledge about the usage of antibiotics 154 (51%) 149 (49%) 

Insisted on an antibiotic prescription from the doctor 106 (35%) 197 (65%) 

Completion of the course of treatment with 

antibiotics 
168 (55%) 135 (45%) 

Prefer to keep antibiotics at home 211 (70%) 92 (30%) 

Acquisition of antibiotics from relatives or friends 46 (15%) 257 (85%) 

Buy antibiotics from the pharmacy without a 

prescription 
106 (35%) 197 (65%) 

Use an antibiotic if I have a cough for more than a 

week 
137 (45%) 166 (55%) 

When I have a sore throat, I prefer to use an 

antibiotic 
174 (57%) 129 (43%) 

Disposal of antibiotics with household waste 138 (46%) 165 (54%) 

Table 2. Summary of all knowledge-based questions  

Questions Agree Disagree Do not know 

AMR develops when antibiotics no 

longer work to treat infections 
196 (65%) 43 (14%) 64 (21%) 

AMR is the tolerance level of the 

body when used to the antibiotic 
174 (57%) 62 (21%) 67 (22%) 

AMR is a global problem 195 (64%) 51 (17%) 57 (19%) 

Flu and common cold are cured with 

a course of antibiotics 
150 (50%) 104 (34%) 49 (16%) 

AMR organisms can cause death 190 (63%) 35 (12%) 78 (25%) 

Antibiotics are meant to be effective 

against bacteria 
242 (80%) 19 (6%) 42 (14%) 

Antibiotics are meant to be effective 

against viruses 
93 (31%) 158 (52%) 52 (17%) 

The common cold (flu) is caused by 

bacteria. 
127 (42%) 115 (38%) 61 (20%) 

The common cold (flu) is caused by 

viruses 
133 (44%) 112 (37%) 58 (19%) 

Antibiotics speed up recovery from 

the common cold (flu) 
158 (52%) 93 (31%) 52 (17%) 

Antibiotics can cause an imbalance in 

the body’s own bacterial flora 
161 (53%) 46 (15%) 96 (32%) 

Stop taking antibiotics when 

experiencing side effects 
177 (58%) 94 (31%) 32 (11%) 
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Discontinue treatment with antibiotics 

when feeling better 
81 (26%) 193 (64%) 29 (10%) 

Humans can be resistant to antibiotics 205 (68%) 58 (19%) 40 (13%) 

Use of antibiotics can increase the 

resistance of bacteria 
192 (64%) 52 (17%) 59 (19%) 

Bacteria can be resistant to antibiotics 209 (69%) 44 (14%) 50 (17%) 

Use of antibiotics among animals can 

reduce the effect of antibiotics on 

humans 

101 

(33%) 
122 (40%) 80 (27%) 

Resistance can spread from animals 

to humans 
107 (35%) 107 (35%) 89 (30%) 

Resistance can spread from human 

to human 
126 (42%) 109 (36%) 68 (22%) 

ABR is a problem in Ghana today 213 (70%) 25 (8%) 65 (22%) 

AMR is a problem in the rest of the 

world today 
194 (64%) 35 (12%) 74 (24%) 

 

The relationship between respondents’ educational level and their consumption of antibiotics without a 

prescription is described in this study (Table 3). This study found a link between higher education level and 

antibiotic use without a prescription (p=0.002). This means that people with higher education levels were more 

likely to take antibiotics without a doctor’s prescription. This suggests that education alone is not enough to 

promote prudent antibiotic use. Proper disposal of antibiotics helps prevent antibiotic residues and antibiotic-

resistant bacteria from contaminating the environment. Table 4 shows that people living in rural areas are more 

likely to dispose of leftover or expired antibiotics in household waste bins than those living in urban areas 

(p=0.035). Specifically, 41% of respondents who live in rural areas reported disposing of antibiotics in household 

waste bins, compared to 29% of respondents who live in urban areas. Disposing of antibiotics in household waste 

can contaminate landfills and local water sources with traces of antibiotics and antibiotic-resistant bacteria 

(Wellington et al., 2013). Over time, this can lead to the spread of antibiotic resistance (Daughton & Ruhoy, 2009). 

The higher rate of poor antibiotic disposal in rural areas is concerning, as these areas may have less developed 

water sanitation infrastructure than cities. The amount of Antibiotic Resistance Genes (ARGs) in the environment 

can rise as a result of disposing of antibiotics—regardless of expiration status—in home trash cans or flushing 

them down the toilet or sink. (Kümmerer, 2009). This difference shows that rural communities need more 

education and awareness about proper antibiotic disposal, as environmentally harmful practices seem more 

common in these areas. 

Table 3. Educational status and consumption of antibiotics 

Education of 

Respondents 

Consumption of Antibiotics without the Doctor’s Prescription 

Yes No Total 

College/University 176 (69.8%) 76 (30.2%) 252 

High School 24 (47.1%) 27 (52.9%) 51 

Total 200 103 303 
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Table 4. Residence and disposal of antibiotics 

Residence of 

Respondents 

Disposal of Antibiotics with Household Waste 

Yes No Total 

Urban 98 (50%) 98 (50%) 196 

Rural 40 (37.4%) 67 (62.6%) 107 

Total 138 165 303 
 

Table 5. Analysis of completion of antibiotics treatment and experiencing side effects 

Stop Taking Antibiotics 

When Experiencing Side 

Effects 

Completion of the Course of Treatment with Antibiotics 

Yes No Total 

Agree 100 (56.5%) 77 (43.5%) 177 

Disagree 53 (56.4%) 41 (43.6%) 94 

Do not know 15(46.9%) 17 (53.1%) 32 

Total 168 135 303 

This study looked at the relationship between respondents failing to complete a course of antibiotic treatment 

and stopping the antibiotics because of side effects (Table 5). Of the people who reported not finishing their 

prescribed course of antibiotics, 56.5% said they stopped taking the antibiotics when they experienced side effects. 

However, a similar percentage (56.4%) of the people who said they finished their course of antibiotics also said 

they would have stopped if they had experienced side effects. (Table 5). This suggests that other factors, such as 

forgetting doses, feeling better and stopping early, or not understanding the dosing instructions, are more likely 

to lead to antibiotic non-adherence. More research is needed to fully understand why people do not finish their 

course of antibiotics. However, these results suggest that interventions to address antibiotic non-adherence 

should address all potential reasons, not just side effects.  

3.2. Descriptive Analysis – Clinicians 

The survey included 51 clinicians: 29 males and 22 females aged 23-60 years. Most (76%) had 1-10 years of 

work experience, while 24% had worked for over ten years. Most clinicians agreed that patient demands 

contribute to the overuse of antibiotics. 73% believed patients often demand antibiotics for viral infections like 

colds. 

 This inappropriate pressure could heavily influence over-prescription. 82% of clinicians recognized that 

antibiotic-resistant infections can make medical procedures more dangerous, reflecting their awareness of the 

clinical risks of rising antibiotic resistance. 76% of clinicians felt that developing local antibiotic resistance 

guidelines would be more useful than global ones, suggesting they recognize the need for location-specific 

recommendations to address regional resistance patterns. A little over half of the clinicians (51%) disagreed that 

antibiotic committees and guidelines are obstacles to care, implying that most clinicians support stewardship 

initiatives. More details of clinicians’ responses are shown in Table 6 below. 
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Table 6. Summary of all questions to clinicians 

Questions Agree Disagree Do not know 

Do individuals who have a common cold insist on 

receiving an antibiotic? 
37 (73%) 14 (27%) 0 (0%) 

Do you believe that medical operations such as 

cancer therapy and organ transplantation may 

become dangerous because of ABR infections? 

42 (82%) 9 (18%) 0 (0%) 

AMR is a problem in my daily practice. 38 (75%) 11 (22%) 2 (3%) 

In terms of antibiotic resistance, local guidelines 

might be more beneficial than global ones. 
39 (76%) 9 (18%) 3 (6%) 

Antibiotic committees and guidelines are more of a 

hindrance than a benefit to clinical care. 
10 (20%) 33 (65%) 8 (16%) 

An organization that carries out community 

education and awareness campaigns regarding 

antibiotic resistance is, in my opinion, necessary. 

50 (98%) 1 (2%) 0 (0%) 

Patient demands for antibiotics contribute to 

over prescriptions and overuse. 
42 (82%) 8 (16%) 1 (1%) 

During the last 5 years, I have received some 

teaching/training on antibiotic resistance spread. 
36 (71%) 15 (29%) 0 (0%) 

I am aware of the nonclinical and environmental 

pathways by which genes causing antibiotic 

resistance spread. 

38 (75%) 8 (16%) 5 (9%) 

Antibiotics are meant to be effective against 

bacteria. 
50 (99%) 0 (0%) 1 (1%) 

Antibiotics are meant to be effective against viruses. 3 (6%) 47 (92%) 1 (1%) 

The common cold (flu) is caused by bacteria. 10 (20%) 41 (80%) 0 (0%) 

The common cold (flu) is caused by viruses. 44 (86%) 7 (14%) 0 (0%) 

Antibiotics speed up recovery from the common 

cold. 
14 (27%) 36 (72%) 1 (1%) 

Antibiotics can cause an imbalance in the body’s own 

bacterial flora. 
46 (90%) 4 (9%) 1 (1%) 

Experiencing side effects while taking antibiotics is a 

sign of stopping the medications. 
21 (41%) 29 (58%) 1 (1%) 

It is sometimes appropriate to discontinue 

antibiotic treatment if a patient feels better 

before the course is complete. 

4 (9%) 47 (92%) 0 (0%) 

Humans can be resistant to antibiotics. 45 (88%) 6 (12%) 0 (0%) 

The use of antibiotics can increase the resistance of 

bacteria to them. 
44 (86%) 7 (14%) 0 (0%) 

Bacteria can be resistant to antibiotics. 48 (94%) 3 (6%) 0 (0%) 

The use of antibiotics among animals can reduce the 

effect of antibiotics on humans. 
19 (37%) 21 (41%) 11 (22%) 

Resistance can spread from animals to humans. 29 (57%) 13 (25%) 8 (18%) 

Resistance can spread from human to human. 36 (71%) 11 (22%) 4 (7%) 

ABR is a problem in Ghana today. 50 (99%) 1 (1%) 0 (0%) 

AMR is a problem in the rest of the world today. 46 (90%) 5 (10%) 0 (0%) 
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3.3. Descriptive Analysis – Pharmacists 

Most pharmacist respondents were male (83%), aged 21-40 years (97%) with diplomas (80%) and 1-10 years of 

experience (82%). Alarmingly, 32% reported often or always dispensing antibiotics without prescriptions, and 

another 34% do so occasionally. This inappropriate dispensing facilitates misuse and overuse. 46% acknowledged 

sometimes extending antibiotic durations beyond doctors’ prescriptions using personal discretion. This 

inappropriate practice can facilitate misuse, overuse, and resistance. However, 38% frequently communicated 

with prescribers when concerned about a prescription, indicating good stewardship. 48% reported screening 

prescriptions against guidelines before dispensing, implying modifications are sometimes made without 

consulting the prescriber. 60% stated they always or often educate patients about proper antibiotic use and 

resistance issues. Nonetheless, increased education efforts could still help. Table 7 summarizes pharmacists’ self-

reported potentially inappropriate antibiotic dispensing attitudes and behaviors regarding antibiotic dispensing 

practices. 

Table 7. Summary of attitude-based questions for pharmacists 

Question Always Often Occasionally Rarely Never 

I dispense antimicrobials on prescription, 

having obtained complete clinical information 
20 (32%) 20 (32%) 12 (19%) 2 (3%) 9 (14%) 

I dispense antimicrobials without a prescription 1 (2%) 8(13%) 22 (34%) 17 (27%) 15 (24%) 

I sometimes dispense antimicrobial for 

durations more than prescribed by the 

physician on the patient’s request 

0 (0%) 1 (2%) 7 (11%) 5 (8%) 50 (79%) 

Occasionally, I dispense antibiotics for longer 

periods of time than the doctor orders, 

depending on my judgment and experience. 

0 (0%) 3 (5%) 17 (27%) 14 (22%) 29 (46%) 

Prior to dispensing, I verify that the 

antimicrobial prescription complies with local 

regulations. 

30 (48%) 16 (25%) 9 (14%) 5 (8%) 3 (5%) 

I collaborate with other health 

professionals for infection control and 

antimicrobial stewardship 

13 (21%) 24 (38%) 11 (17%) 12 (19%) 3 (5%) 

If I have any doubts about whether an 

antibiotic prescription is appropriate, I discuss 

it with the prescriber 

38 (60%) 18 (29%) 7 (11%) 0 (0%) 0 (0%) 

Before determining to administer the 

prescription antibiotic, I look for more clinical 

information (e.g., drug interactions, adverse 

drug responses, allergy, etc.) 

33 (52%) 19 (30%) 6 (10%) 5 (8%) 0 (0%) 

In order to encourage the best possible use of 

antibiotics, I participate in antimicrobial 

awareness programs. 

14 (22%) 14 (22%) 20 (32%) 9 (14%) 5 (8%) 

I educate patients on the use of antimicrobials 

and resistance-related issues. 
38 (60%) 15 (24%) 8 (13%) 2 (3%) 0 (0%) 

I try my best to stop or lessen the spread of 

illnesses in the neighborhood. 
18 (29%) 25 (40%) 13 (21%) 5 (8%) 2 (3%) 

I question the patients’ understanding of the 

recommended antibiotic and how to use it. 
18 (29%) 16 (25%) 16 (25%) 12 (19%) 1 (2%) 
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In contrast, a study in Pakistan confirmed (70.8%) pharmacists always informed the general public about the 

risks of antibiotic resistance since they are the source of primary healthcare information (Napolitano et al., 2013). 

The unavailability and limited access to clinicians in most communities cause the pharmacist to play the dual role 

of administering antibiotics and providing recommendations to the public on antibiotic use. 

This study found that the pharmacists surveyed generally understood some basic principles about antibiotics, 

such as that they are ineffective against viruses and that stopping an antibiotic course early can promote 

resistance (Table 8). However, there were some knowledge gaps. For example, 44% of pharmacists incorrectly 

believed that animal antibiotic use does not affect human resistance when evidence shows otherwise (Marshall & 

Levy, 2011). This highlights an area needing more education on inter-species resistance transmission. Grasping all 

emergence pathways is critical for pharmacists to provide appropriate stewardship guidance to patients. For 

example, one unaware that animal use imperils drug efficacy may not caution against overusing antibiotic 

ointments. Furthermore, 24% of the pharmacists mistakenly thought that side effects were a reason to stop 

antibiotic treatment without talking to a provider (Table 8). More education could reinforce side effects alone do 

not warrant non-adherence. While these pharmacists generally understood antibiotics’ role in bacterial infections, 

gaps existed regarding topics like cross-species resistance spread. Table 8 demonstrates that pharmacists 

generally understand antibiotics’ role in bacterial infections but have knowledge gaps regarding topics like 

transmission of resistance between species. Filling these knowledge deficits is imperative for pharmacists to 

optimize stewardship through patient counseling and prescribing interventions. 

Table 8. Summary of knowledge-based questions for pharmacists 

Questions Agree Disagree Do not know 

AMS programs improve patient care 61 (97%) 2 (3%) 0 (0%) 

It is best to implement AMS at the community pharmacy level 58 (92%) 4 (6%) 1 (2%) 

Antimicrobial resistance is less of an issue thanks to AMS 

initiatives 
56 (89%) 5 (8%) 2 (3%) 

Community pharmacists should have proper training on the use of 

antibiotics 
61 (96%) 1 (2%) 1 (2%) 

Community pharmacists must participate in pertinent conferences, 

workshops, and other learning opportunities to improve their 

knowledge of antimicrobial stewardship 

58 (92%) 2 (3%) 3 (5%) 

Individual efforts at antimicrobial stewardship have minimal 

impact on the issue of antimicrobial resistance 
33 (52%) 27 (42%) 3 (5%) 

I believe that the only professionals who should be knowledgeable 

about antimicrobial stewardship are prescribing physicians 
9 (14%) 53 (84%) 1 (2%) 

It is the duty of pharmacists to play a leading part in the health 

system’s antimicrobial stewardship and infection control initiatives 
60 (95%) 1 (2%) 2 (3%) 

Antibiotics are meant to be effective against bacteria 63 (100%) 0 (0%) 0 (0%) 

Antibiotics are meant to be effective against viruses 6 (10%) 56 (88%) 1 (2%) 

Experiencing side effects while taking antibiotics is a sign to stop 

the medications 
15 (24%) 45 (71%) 3 (5%) 

It is sometimes appropriate to discontinue treatment with 

antibiotics if you/patient feel better before the course are complete 
6 (10%) 57 (90%) 0 (0%) 

Humans can be resistant to antibiotics 50 (79%) 12(19%) 1 (2%) 

The use of antibiotics can increase the resistance of bacteria to them 52 (83%) 9 (14%) 2 (3%) 

The use of antibiotics among animals can reduce the effect of 

antibiotics on humans 
28 (44%) 28 (2%) 7 (2%) 
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3.4. Key Findings 

This study found several important knowledge gaps and suboptimal practices related to antibiotics and 

Antimicrobial Resistance (AMR) among the general public, clinicians, and pharmacists in Wa Municipality, 

Ghana. 

3.5. General Public 

Education level did not affect the likelihood of people using antibiotics without a prescription, which is 

different from some previous studies (Ayana et al., 2021). The high rate of self-medication (66%) is concerning, 

given the risks involved. The environment continues to be a reservoir of antibiotic resistance, as nearly half of the 

antibiotics disposed of were thrown away into household waste bins (Anwar et al., 2020). Significant knowledge 

gaps existed about antibiotic use, resistance spread, and appropriate use. 

3.6. Clinicians 

Most clinicians (85%) reported that patients often demand antibiotics, which can lead to overprescribing 

(Asante et al., 2017). There was strong support for local antibiotic resistance guidelines (76%), given the different 

resistance patterns in different regions (Tadesse et al., 2017). Interestingly, there were knowledge gaps about how 

antibiotic resistance can spread through the environment. 

3.7. Pharmacists 

Pharmacists dispensing antibiotics without a prescription is still very common (66%), even though it is 

against practice guidelines (Contopoulos‐Ioannidis et al., 2001). 92% of pharmacists agreed that they play a key 

role in antimicrobial stewardship, which supports expanding their role in this area. Continuing education on 

optimal antimicrobial use is needed for pharmacists. 

3.8. Significance and Implications 

This study found that all groups had significant knowledge gaps and poor practices related to Antimicrobial 

Resistance (AMR), which shows a need for improved public health education, prescribing guidance, and 

antimicrobial governance. Locally-adapted educational initiatives, treatment guidelines, environmental 

mitigation, and stewardship programs involving healthcare providers and the public can help promote prudent 

antibiotic use and reduce resistance (Abbo et al., 2013). However, it will also be important to change cultural 

attitudes and norms around antibiotics and their use (Dejene et al., 2022). Our findings were specific to rural 

Ghana but may also be relevant to other regions and developing countries. Further research is required to adapt 

interventions better and track their long-term effects on knowledge, attitudes, and practices. Preserving the 

effectiveness of antimicrobials is essential worldwide, and it will require contextualized, multifaceted One Health 

strategies with stakeholder engagement. 

4. Conclusion 

This study evaluated healthcare professionals' and the general public’s knowledge, attitudes, and practices 

with regard to antibiotic use and resistance in rural Wa Municipality, Ghana. The findings were concerning and 

suggest that there is a need for improved antimicrobial stewardship in this region. The general public had 

significant gaps in knowledge about how to use antibiotics appropriately and engaged in risky self-medication 

behaviors, such as taking antibiotics without a prescription. Clinicians reported that patients often demanded 

antibiotics even when they were not necessary, which can lead to overprescribing. Pharmacists often dispensed 

antibiotics without a prescription and sometimes extended antibiotic durations beyond what was prescribed. 

Overall, these findings suggest that antibiotic prescribing practices in this region are suboptimal and that patient 

pressure and demands play a role. Both the public and clinicians had significant knowledge limitations about 

antibiotic indications, resistance, and transmission. Additionally, widespread household disposal of antibiotics is 
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contributing to environmental contamination. Targeted interventions that engage all stakeholders are urgently 

needed to promote prudent antibiotic use and stewardship in this region. 

The research’s conclusions make the following recommendations imperative: 

1. Implement public health education campaigns to dispel misconceptions about antibiotics and teach people 

how to use them properly, including when they are and are not indicated. 

2. Develop clinical guidelines for antibiotic prescribing tailored to local resistance patterns and resource 

limitations. 

3. Strengthen antimicrobial stewardship programs with a focus on training pharmacists and clinicians. 

4. Increase regulation, auditing, and oversight of antibiotic dispensing and prescribing practices. 

5. Provide accessible antibiotic disposal programs to reduce environmental contamination. 

6. Conduct further research to evaluate changes in knowledge, attitudes, and behaviors over time and assess the 

impact of interventions. 

Data Availability Statement  
Upon request, all information pertaining to this study can be provided. 

Consent  
All participants provided their informed consent and participated at their own volition. Throughout data 

collection and processing, confidentiality was upheld. 

Acknowledgement 
We would like to express our sincere gratitude to the staff of the Department of Dispensing Technology at Dr 

Hilla Limann Technical University for their invaluable support and assistance with various aspects of this 

research. We also sincerely appreciate the technical support provided by Fahad Bin Waqas, which greatly 

facilitated the data analysis for this study. The careful reading and constructive feedback from anonymous 

reviewers significantly improved the quality of this manuscript. 

Authors Contribution 
The concept was created by EUO, RA, and YAM, who also oversaw the research and helped to edit the 

manuscript. Sample gathering, data analysis, and manuscript preparation were handled by GAAA and CAA. 

Coordination, assistance with manuscript completion, and design of the sample strategies were all provided by 

EUO and REA. The final manuscript was read and approved by all writers. 

References 
[1] Lilian M. Abbo et al., “Medical Students’ Perceptions and Knowledge about Antimicrobial Stewardship: How are We 

Educating Our Future Prescribers?,” Clinical Infectious Diseases, vol. 57, no. 5, pp. 631–638, 2013. [CrossRef] [Google 

Scholar] [Publisher Link] 

[2] Manar Ali Abushaheen et al., “Antimicrobial Resistance, Mechanisms and Its Clinical Significance,” Disease-a-Month, vol. 

66, no. 6, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Retnosari Andrajati, Andri Tilaqza, and Sudibyo Supardi, “Factors Related to Rational Antibiotic Prescriptions in 

Community Health Centers in Depok City, Indonesia,” Journal of Infection and Public Health, vol. 10, no. 1, pp. 41–48, 2017. 

[CrossRef] [Google Scholar] [Publisher Link] 

[4] Muhammad Anwar, Qaiser Iqbal, and Fahad Saleem, “Improper Disposal of Unused Antibiotics: An Often Overlooked 

Driver of Antimicrobial Resistance,” Expert Review of Anti-Infective Therapy, vol. 18, no. 8, pp. 697–699, 2020. [CrossRef] 

[Google Scholar] [Publisher Link] 

https://doi.org/10.1093/cid/cit370
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Students%E2%80%99+Perceptions+and+Knowledge+About+Antimicrobial+Stewardship%3A+How+Are+We+Educating+Our+Future+Prescribers%3F+Clinical+Infectious+Diseases&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Students%E2%80%99+Perceptions+and+Knowledge+About+Antimicrobial+Stewardship%3A+How+Are+We+Educating+Our+Future+Prescribers%3F+Clinical+Infectious+Diseases&btnG=
https://academic.oup.com/cid/article/57/5/631/312656
https://doi.org/10.1016/j.disamonth.2020.100971
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance%2C+mechanisms+and+its+clinical+significance&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S001150292030033X
https://doi.org/10.1016/j.jiph.2016.01.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Factors+related+to+rational+antibiotic+prescriptions+in+community+health+centers+in+Depok+City%2C+Indonesia&btnG=
https://www.sciencedirect.com/science/article/pii/S187603411600037X
https://doi.org/10.1080/14787210.2020.1754797
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improper+disposal+of+unused+antibiotics%3A+an+often+overlooked+driver+of+antimicrobial+resistance&btnG=
https://www.tandfonline.com/doi/full/10.1080/14787210.2020.1754797


Emmanuel Udochukwu Osisiogu et al. / DS-RLS, 1(1), 19-31, 2025 

     

 

30 

[5] Kwaku Poku Asante et al., “Knowledge of Antibiotic Resistance and Antibiotic Prescription Practices among Prescribers 

in the Brong Ahafo Region of Ghana; A Cross-Sectional Study,” BMC Health Services Research, vol. 17, 2017. [CrossRef] 

[Google Scholar] [Publisher Link] 

[6] Hika Ayana et al., “Non-Prescription Antibiotics Use and Associated Factors among Drug Retail Outlets in Ambo, 

Ethiopia: A Cross-Sectional Study,” Patient Preference and Adherence, vol. 15, pp. 2739–2747, 2021. [CrossRef] [Google 

Scholar] [Publisher Link] 

[7] James A. Ayukekbong, Michel Ntemgwa, and Andrew N. Atabe, “The Threat of Antimicrobial Resistance in Developing 

Countries: Causes and Control Strategies,” Antimicrobial Resistance & Infection Control, vol. 6, 2017. [CrossRef] [Google 

Scholar] [Publisher Link] 

[8] Kerlly J. Bernabé et al., “Antimicrobial Resistance in West Africa: A Systematic Review and Meta-Analysis,” International 

Journal of Antimicrobial Agents, vol. 50, no. 5, pp. 629–639, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Despina G. Contopoulos-Ioannidis et al., “Pathways for Inappropriate Dispensing of Antibiotics for Rhinosinusitis: A 

Randomized Trial,” Clinical Infectious Diseases, vol. 33, no. 1, pp. 76–82, 2001. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Christian G. Daughton, and Ilene S. Ruhoy, “Environmental Footprint of Pharmaceuticals: The Significance of Factors 

Beyond Direct Excretion to Sewers,” Environmental Toxicology and Chemistry, vol. 28, no. 12, pp. 2495-2521, 2010. [CrossRef] 

[Google Scholar] [Publisher Link] 

[11] Haileyesus Dejene, Rediet Birhanu, and Zewdu Seyoum Tarekegn, “Knowledge, Attitude and Practices of Residents 

toward Antimicrobial Usage and Resistance in Gondar, Northwest Ethiopia,” One Health Outlook, vol. 4, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[12] Naglaa A. El Sherbiny et al., “Assessment of Knowledge, Attitude and Behavior towards Antibiotic Use in Primary 

Health Care Patients in Fayoum Governorate, Egypt,” Alexandria Journal of Medicine, vol. 54, no. 4, pp. 535–540, 2018. 

[CrossRef] [Google Scholar] [Publisher Link] 

[13] Herman Goossens et al., “Outpatient Antibiotic Use in Europe and Association with Resistance: A Cross-National 

Database Study,” The Lancet, vol. 365, no. 9459, pp. 579–587, 2005. [CrossRef] [Google Scholar] [Publisher Link] 

[14] Zuraidah Mohd Yusoff et al., “General Practitioners’ Knowledge, Attitude and Prescribing of Antibiotics for Upper 

Respiratory Tract Infections in Selangor, Malaysia: Findings and Implications,” Expert Review of Anti-Infective Therapy, vol. 

13, no. 4, pp. 511-520, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[15] Sara Hernando-Amado et al., “Defining and Combating Antibiotic Resistance from One Health and Global Health 

Perspectives,” Nature Microbiology, vol. 4, no. 9, pp. 1432–1442, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Matthew I. Hutchings, Andrew W. Truman, and Barrie Wilkinson, “Antibiotics: Past, Present and Future,” Current 

Opinion in Microbiology, vol. 51, pp. 72–80, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Kapoor Garima, Saigal Saurabh, and Elongavan Ashok, “Action and Resistance Mechanisms of Antibiotics: A Guide for 

Clinicians,” Journal of Anaesthesiology Clinical Pharmacology, vol. 33, no. 3, pp. 300-305, 2017. [CrossRef] [Google Scholar] 

[Publisher Link] 

[18] Hidayah Karuniawati et al., “Assessment of Knowledge, Attitude, and Practice of Antibiotic Use among the Population of 

Boyolali, Indonesia: A Cross-Sectional Study,” International Journal of Environmental Research and Public Health, vol. 18, no. 

16, pp. 1-16, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Klaus Kümmerer, “Antibiotics in the Aquatic Environment – A Review – Part I,” Chemosphere, vol. 75, no. 4, pp. 417–434, 

2009. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Carl Llor, and Lars Bjerrum, “Antimicrobial Resistance: Risk Associated with Antibiotic Overuse and Initiatives to Reduce 

the Problem,” Therapeutic Advances in Drug Safety, vol. 5, no. 6, pp. 229-241, 2014. [CrossRef] [Google Scholar] [Publisher 

Link] 

[21] Naomi Lubick, “Drugs in the Environment: Do Pharmaceutical Take-Back Programs Make a Difference?,” Environmental 

Health Perspectives, vol. 118, no. 5, pp. 210-214, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1186/s12913-017-2365-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+of+antibiotic+resistance+and+antibiotic+prescription+practices+among+prescribers+in+the+Brong+Ahafo+Region+of+Ghana%3B+a+cross-sectional+study&btnG=
https://link.springer.com/article/10.1186/s12913-017-2365-2
https://doi.org/10.2147/PPA.S337364
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Non-Prescription+Antibiotics+Use+and+Associated+Factors+Among+Drug+Retail+Outlets+in+Ambo%2C+Ethiopia%3A+A+Cross-Sectional+Study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Non-Prescription+Antibiotics+Use+and+Associated+Factors+Among+Drug+Retail+Outlets+in+Ambo%2C+Ethiopia%3A+A+Cross-Sectional+Study&btnG=
https://www.tandfonline.com/doi/full/10.2147/PPA.S337364
https://doi.org/10.1186/s13756-017-0208-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+threat+of+antimicrobial+resistance+in+developing+countries%3A+causes+and+control+strategies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+threat+of+antimicrobial+resistance+in+developing+countries%3A+causes+and+control+strategies&btnG=
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-017-0208-x#citeas
https://doi.org/10.1016/j.ijantimicag.2017.07.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance+in+West+Africa%3A+a+systematic+review+and+meta-analysis.&btnG=
https://www.sciencedirect.com/science/article/pii/S0924857917302741
https://doi.org/10.1086/320888
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pathways+for+Inappropriate+Dispensing+of+Antibiotics+for+Rhinosinusitis%3A+A+Randomized+Trial&btnG=
https://academic.oup.com/cid/article/33/1/76/317732
https://doi.org/10.1897/08-382.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ENVIRONMENTAL+FOOTPRINT+OF+PHARMACEUTICALS%3A+THE+SIGNIFICANCE+OF+FACTORS+BEYOND+DIRECT+EXCRETION+TO+SEWERS&btnG=
https://setac.onlinelibrary.wiley.com/doi/full/10.1897/08-382.1
https://doi.org/10.1186/s42522-022-00066-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+attitude+and+practices+of+residents+toward+antimicrobial+usage+and+resistance+in+Gondar%2C+Northwest+Ethiopia&btnG=
https://onehealthoutlook.biomedcentral.com/articles/10.1186/s42522-022-00066-x
https://doi.org/10.1016/j.ajme.2018.06.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+knowledge%2C+attitude+and+behavior+towards+antibiotic+use+in+primary+health+care+patients+in+Fayoum+Governorate%2C+Egypt.&btnG=
https://www.tandfonline.com/doi/full/10.1016/j.ajme.2018.06.001
https://doi.org/10.1016/S0140-6736(05)17907-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Outpatient+antibiotic+use+in+Europe+and+association+with+resistance%3A+a+cross-national+database+study.+&btnG=
https://www.thelancet.com/journals/lancet/article/PIIS0140673605179070/fulltext
https://doi.org/10.1586/14787210.2015.1012497
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=General+practitioners%E2%80%99+knowledge%2C+attitude+and+prescribing+of+antibiotics+for+upper+respiratory+tract+infections+in+Selangor%2C+Malaysia%3A+findings+and+implications&btnG=
https://www.tandfonline.com/doi/abs/10.1586/14787210.2015.1012497
https://doi.org/10.1038/s41564-019-0503-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Defining+and+combating+antibiotic+resistance+from+One+Health+and+Global+Health+perspectives.+&btnG=
https://www.nature.com/articles/s41564-019-0503-9
https://doi.org/10.1016/j.mib.2019.10.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibiotics%3A+past%2C+present+and+future&btnG=
https://www.sciencedirect.com/science/article/pii/S1369527419300190
https://doi.org/10.4103/joacp.JOACP_349_15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Action+and+resistance+mechanisms+of+antibiotics%3A+A+guide+for+clinicians.&btnG=
https://journals.lww.com/joacp/fulltext/2017/33030/action_and_resistance_mechanisms_of_antibiotics__a.4.aspx
https://doi.org/10.3390/ijerph18168258
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+Knowledge%2C+Attitude%2C+and+Practice+of+Antibiotic+Use+among+the+Population+of+Boyolali%2C+Indonesia%3A+A+Cross-Sectional+Study.+&btnG=
https://www.mdpi.com/1660-4601/18/16/8258
https://doi.org/10.1016/j.chemosphere.2008.11.086
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibiotics+in+the+aquatic+environment+%E2%80%93+A+review+%E2%80%93+Part+I.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045653508015105
https://doi.org/10.1177/2042098614554919
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance%3A+risk+associated+with+antibiotic+overuse+and+initiatives+to+reduce+the+problem.+&btnG=
https://journals.sagepub.com/doi/full/10.1177/2042098614554919
https://journals.sagepub.com/doi/full/10.1177/2042098614554919
https://doi.org/10.1289/ehp.118-a210
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drugs+in+the+Environment%3A+Do+Pharmaceutical+Take-Back+Programs+Make+a+Difference%3F&btnG=
https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.118-a210


Emmanuel Udochukwu Osisiogu et al. / DS-RLS, 1(1), 19-31, 2025 

     

 

31 

[22] Maira Faizullah et al., “A Cross-Sectional Study on Knowledge, Attitude and Practices of Medical Doctors towards 

Antibiotic Prescribing Patterns and Resistance in Khyber Pakhtun Khawah, Pakistan,” Journal of Applied Pharmaceutical 

Science, vol. 7, no. 12, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Bonnie M. Marshall, and Stuart B. Levy, “Food Animals and Antimicrobials: Impacts on Human Health,” Clinical 

Microbiology Reviews, vol. 24, no. 4, pp. 718–733, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Francesco Napolitano et al., “Public Knowledge, Attitudes, and Experience Regarding the Use of Antibiotics in Italy,” 

PLoS ONE, vol. 8, no. 12, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Samuel Sasu, Klaus Kümmerer, and Martin Kranert, “Assessment of Pharmaceutical Waste Management at Selected 

Hospitals and Homes in Ghana,” Waste Management & Research: The Journal for a Sustainable Circular Economy, vol. 30, no. 6, 

pp. 625–630, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Stanford T. Shulman et al., “Executive Summary: Clinical Practice Guideline for the Diagnosis and Management of Group 

a Streptococcal Pharyngitis: 2012 Update by the Infectious Diseases Society of America,” Clinical Infectious Diseases, vol. 55, 

no. 10, pp. 1279–1282, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Sheo B. Singh, Katherine Young, and Lynn L. Silver, “What is an “Ideal” Antibiotic? Discovery Challenges and Path 

Forward,” Biochemical Pharmacology, vol. 133, pp. 63–73, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Birkneh Tilahun Tadesse et al., “Antimicrobial Resistance in Africa: A Systematic Review,” BMC Infectious Diseases, vol. 

17, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[29] Fred C. Tenover et al., “Mechanisms of Antimicrobial Resistance in Bacteria,” The American Journal of Medicine, vol. 119, 

no. 6, pp. S3–S10, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Elizabeth M.H. Wellington et al., “The Role of the Natural Environment in the Emergence of Antibiotic Resistance in 

Gram-Negative Bacteria,” The Lancet Infectious Diseases, vol. 13, no. 2, pp. 155–165, 2013. [CrossRef] [Google Scholar] 

[Publisher Link] 

[31] Saviour Kwame Yevutsey et al., “Situational Analysis of Antibiotic Use and Resistance in Ghana: Policy and Regulation,” 

BMC Public Health, vol. 17, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

 

http://dx.doi.org/10.7324/JAPS.2017.71205
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+cross-sectional+study+on+knowledge%2C+attitude+and+practices+of+medical+doctors+towards+antibiotic+prescribing+patterns+and+resistance+in+Khyber+Pakhtun+Khawah%2C+Pakistan.&btnG=
https://japsonline.com/abstract.php?article_id=2498
https://doi.org/10.1128/cmr.00002-11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Food+Animals+and+Antimicrobials%3A+Impacts+on+Human+Health&btnG=
https://journals.asm.org/doi/full/10.1128/cmr.00002-11
https://doi.org/10.1371/journal.pone.0084177
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Public+Knowledge%2C+Attitudes%2C+and+Experience+Regarding+the+Use+of+Antibiotics+in+Italy&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084177
https://doi.org/10.1177/0734242X11423286
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+pharmaceutical+waste+management+at+selected+hospitals+and+homes+in+Ghana.+&btnG=
https://journals.sagepub.com/doi/abs/10.1177/0734242x11423286
https://doi.org/10.1093/cid/cis847
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Executive+Summary%3A+Clinical+Practice+Guideline+for+the+Diagnosis+and+Management+of+Group+A+Streptococcal+Pharyngitis%3A+2012+Update+by+the+Infectious+Diseases+Society+of+America&btnG=
https://academic.oup.com/cid/article/55/10/1279/324779
https://doi.org/10.1016/j.bcp.2017.01.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ideal%E2%80%9D+antibiotic%3F+Discovery+challenges+and+path+forward.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0006295217300187
https://doi.org/10.1186/s12879-017-2713-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+resistance+in+Africa%3A+a+systematic+review&btnG=
https://link.springer.com/article/10.1186/s12879-017-2713-1
https://doi.org/10.1016/j.amjmed.2006.03.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanisms+of+Antimicrobial+Resistance+in+Bacteria&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0002934306003421
https://doi.org/10.1016/S1473-3099(12)70317-1
https://scholar.google.com/scholar?q=The+role+of+the+natural+environment+in+the+emergence+of+antibiotic+resistance+in+Gram-negative+bacteria.+&hl=en&as_sdt=0,5
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(12)70317-1/fulltext
https://doi.org/10.1186/s12889-017-4910-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Situational+analysis+of+antibiotic+use+and+resistance+in+Ghana%3A+policy+and+regulation.&btnG=
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4910-7?report=reader

