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Highlights 

 The overall implementation of the Global Action Plan (GAP) on antimicrobial resistance 
in the World Health Organization (WHO) African region is inadequate 

 WHO African countries performed poorly in terms of surveillance 
 GAP implementation was not significantly different between African sub-regions 
 There was no significant difference in GAP implementation between income levels 
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Abstract 

The Global Action Plan (GAP) on antimicrobial resistance (AMR) delivers a ‘One Health’ strategy 

for the development of the national action plan. It encourages the optimal use of antimicrobials 

and strengthens the evidence base through surveillance and research. This study evaluated the 

current status of implementation of the GAP on AMR in WHO African countries via a 

retrospective, cross-sectional analysis of routinely collected data on AMR. A SWOT analysis was 

used to identify the strengths, weaknesses, opportunities and threats involved in the GAP 

implementation and propose a roadmap for action. The overall mean GAP performance score 

across all the countries assessed was 32%±SD:12 (95% CI: 27%-36%). The mean thematic scores 

were 59%±12 (53%-65%) for multi-sector and One Health collaboration; 50%±22 (42%-58%) for 

developing national AMR action plans; 38%±12 (33%-42%) for awareness and training; 18%±13 

(13%-23%) for surveillance; 33%±13 (29%-38%) for infection prevention and control; and 

28%±23 (20%-37%) for optimal use of antimicrobial medicines in human, animal and plant health. 

The difference in GAP performance scores between African sub-regions and between income 

categories was not statistically significant (p>0.05). While seven countries exhibited strengths in 

two themes, 25 countries exhibited weaknesses across all themes. Six threats and six opportunities 

were identified to inform a practical roadmap for AMR action. Findings from this study indicate 

that the overall GAP implementation on AMR in the WHO African region is inadequate. Some 

thematic GAP scores appear to be relatively good, but at closer inspection, individual indicators 

reveal a lack of progress and implementation, requiring action. 

Keywords: Antimicrobial resistance, Global action plan, One Health, Infectious diseases, Public 
health. 
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1. Introduction 

Antimicrobials are considered one of the greatest achievements in contemporary medicine [1]. 

However, the emergence and spread of antimicrobial resistance (AMR) impair the successful 

treatment of common infections like pneumonia, surgical site infections, some cancers and even 

top killer infectious diseases like tuberculosis (TB), malaria and HIV/AIDS. Consequently, this 

results in high morbidity, mortality, extended hospitalization, loss of income and grave economic 

and social implications [2,3]. 

Although AMR evolves through natural processes, its development and spread are influenced by 

some external factors such as incorrect use of antimicrobials, wrong prescriptions of 

antimicrobials, use of antimicrobials as growth promoters in livestock production and extensive 

use of antimicrobials for agricultural purposes [4,5]. The migration of people also permits the 

dissemination of drug-resistant organisms across the globe [4]. Unlike other medical conditions, 

AMR is an issue that affects all countries irrespective of their developmental status and income 

level [6]. However, the impact is felt more in low- and middle-income countries as many patients 

have limited or no access to effective healthcare [7]. This calls for a range of multidisciplinary 

approach and interventions to tackle the issues of drug resistance, especially in Africa.  

In 2015, the global action plan (GAP) was initiated by the WHO, through the decisions made from 

the Food and Agriculture Organization of the United Nations (FAO) Governing Conference, the 

World Assembly of World Organization for Animal Health (OIE) Delegates and the World Health 

Assembly. The goal of this plan is to ensure the infinite continuity in the prevention and treatment 

of infectious diseases through the accessibility of effective antimicrobials as well as the responsible 

use of safe antimicrobials that are quality assured [8]. Five strategic objectives were set to achieve 

this goal: (1) to improve awareness and understanding of antimicrobial resistance; (2) to strengthen 

knowledge through surveillance and research; (3) to reduce the incidence of infection; (4) to 

optimize the use of antimicrobial agents; and (5) to ensure sustainable investment in countering 

antimicrobial resistance [8].  

Countries developed their national action plan on AMR that is consistent with the GAP, to 

implement appropriate policies to prevent, control and monitor AMR. There is a need to measure 

the progress towards the delivery of the GAP on AMR to help identify key achievements and 
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persisting gaps across the human, animal, plant, food, and environment sectors in efforts to tackle 

AMR. This study evaluated the current status of the implementation of the GAP in WHO African 

countries. The GAP performance scores were compared to the income levels of the countries and 

the sub-regions of the respective countries. The strengths, weaknesses, opportunities and threats 

involved in the implementation of the GAP were identified to suggest a road map for action.   

2. Methods 

2.1 Study design and data source 

An explorative study design involving a retrospective cross-sectional analysis of routinely 

collected data on AMR in the WHO African region was used to evaluate the GAP performance 

scores of the WHO African countries shown in Supplementary Table 1. The global open-access 

WHO, FAO and OIE global tripartite database [http://amrcountryprogress.org/] was accessed for 

the country’s current status (2018/2019) in the implementation of the GAP on AMR. Countries 

that lacked a GAP were not included in the study.  

2.2 Evaluation of the GAP performance scores 

A checklist with 53 indicators (Supplementary Table 2) was used to create and evaluate the 

performance score per country concerning the implementation of the GAP. The indicators 

represent the standard questions issued to all the WHO countries for self-assessment by WHO, 

FAO and OIE. These indicators were grouped into six thematic areas namely: 1) multi-sectoral 

approach to addressing AMR (7 items); 2) developing national AMR action plans at the country 

level (9 items); 3) awareness and training (11 items); 4) surveillance (21 items); 5) infection 

prevention and control (3 items); and 6) optimization of the use of antimicrobial medicines in 

human, animal and plant health (2 items). 

The GAP performance score per country was calculated by allotting 0, 1, 2, 3 or 4 points to each 

indicator depending on the response. A score of “0” was assigned to an indicator with a negative 

response such as “no” or “not provided” or “not involved” etc. A score of “1” to “4” was allotted 

to the indicators with a positive response, in an ascending order depending on the extent to which 

the indicator is implemented in the country. The supposed standard or maximum performance 

score for the implementation of the GAP in each country is 123, while 10, 12, 32, 50, 11 and 8 are 

the supposed standard or maximum performance scores for the thematic areas 1, 2, 3, 4, 5 and 6 
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respectively. Countries that scored 0% to 24%, 25% to 49%, 50% to 74% and 75% to 100% in the 

GAP and the themes were considered poor, moderate, good and excellent respectively. 

2.3 SWOT analysis and roadmap for action 

A SWOT (strengths, weaknesses, opportunities, threats) analysis was carried out to identify which 

opportunities should be pursued, which current strengths can aid struggling countries to re-evaluate 

their plans, which weaknesses can be improved to maximize AMR plans and which strategies can 

be put into place to be prepared for threats. The GAP themes with performance scores ≥75% were 

considered as strengths while the GAP themes with performance scores <25% were considered as 

weaknesses. Information on the external opportunities and threats were obtained from the 

literature. Google Scholar and PubMed were searched for relevant articles. The search terms used 

include: antimicrobial resistance, AMR, drug resistance, Africa, surveillance, global action plan, 

GAP, WHO African region. 

An AMR road map for action framework involving the amalgamation of the common roadmap 

framework [9] and the framework for continuous agile road-mapping [10] is proposed to present 

a clear action plan for an improved GAP implementation in the WHO African region. 

2.4 Data analysis 

The overall GAP and thematic performance scores for each country in the WHO African region 

were evaluated using the descriptive statistical analysis in STATA (version 16). Percentages, 

measures of central tendency and dispersion were calculated. A one-way analysis of variance 

(ANOVA) was used to compare the GAP performance scores to the income status of the countries 

as stipulated by the World Bank Country and Lending Groups 2019 [11] as well as their respective 

sub-region. The Bonferroni correction test was applied to determine which pairs are different and 

a significant level of 0.05 was applied.  

2.5 Ethical consideration 

This study involved the analysis of secondary data set from the WHO database. Ethical clearance 

with ethics reference number 573/2020 was received from the Research Ethics Committee, Faculty 

of Health Sciences, University of Pretoria before the commencement of the study.  
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3. Results 

3.1 The GAP performance in WHO African countries 

The overall GAP performance scores ranged from 15% in Togo and Lesotho to 59% in Ethiopia 

with a mean score of 32% [standard deviation (SD): 12, 95% confidence interval (CI): 27% to 

36%] as shown in Figure 1. 

 

 

Figure 1: The GAP implementation performance scores of the WHO African countries. Countries that scored 0% to 

24%, 25% to 49%, 50% to 74% and 75% to 100% in the GAP and the themes were considered poor, moderate, good 

and excellent respectively. 
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Figure 2 

 

Figure 2: The GAP thematic performance scores of the WHO African countries. MSA: Multi-sectoral approach to addressing AMR (theme 1). DNAP: Developing 

national AMR action plans at the country level (theme 2). AWT: Awareness and training (theme 3). SURV: Surveillance (theme 4). IPC: Infection prevention and 

control (theme 5). OUAM: Optimization of the use of antimicrobial medicines in human, animal and plant health (theme 6). Countries that scored 0% to 24%, 25% 

to 49%, 50% to 74% and 75% to 100% in the GAP and the themes were considered poor, moderate, good and excellent respectively. 
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The GAP thematic performance scores are shown in Figure 2. For theme 1 (Multi-sector and One 

Health collaboration/coordination), the performance scores ranged from 20% in Mozambique to 

80% in the United Republic of Tanzania, Zambia, Ethiopia and Kenya, with a mean score of 59% 

[SD: 12, 95% CI: 53% to 65%]. For theme 2 (Developing national AMR action plans at the country 

level), the performance scores ranged from 8% in Comoros and Lesotho to 100% in Ethiopia, with 

a mean score of 50% [SD: 22, 95% CI: 42% to 58%]. For theme 3 (Awareness and training), the 

performance scores ranged from 6% in Mali to 63% in Kenya, with a mean score of 38% [SD: 12, 

95% CI: 33% to 42%]. For theme 4 (Surveillance), the performance scores ranged from 0% in 

Comoros to 48% in Ethiopia, with a mean score of 18% [SD: 13, 95% CI: 13% to 23%]. For theme 

5 (Infection prevention and control), the performance scores ranged from 9% in Lesotho to 64% 

in Namibia and Kenya, with a mean score of 33% [SD: 13, 95% CI: 29% to 38%]. For theme 6 

(Optimize the use of antimicrobial medicines in human, animal and plant health.), the performance 

scores ranged from 0% in Gabon, Guinea, Comoros, Togo, Mauritius, Democratic Republic of 

Congo, Liberia, Sierra Leone to 63% in Zimbabwe, Rwanda, Zambia, Namibia and Ethiopia, with 

a mean score of 28% [SD: 23, 95% CI: 20% to 37%]. 

3.2 GAP performance scores across the sub-regions and income-status of the WHO African 

countries 

In terms of sub-regions (Figure 3A), the GAP performance scores in Central Africa varied from 

27 in DRC Congo to 37 in Chad with a median score of 28.5 [interquartile range (IQR), 5.5; 95% 

CI, 27.00 to 37.00]. In Southern Africa, the GAP performance scores varied from 18 in Lesotho to 

62 in Zambia with a median score of 41 [IQR, 24.9; 95% CI, 23.40 to 59.98]. In Eastern Africa, 

the GAP performance scores varied from 25 in Comoros to 73 in Ethiopia with a median score of 

43.5 [IQR, 34.0; 95% CI, 28.38 to 70.98].  In Western Africa, the GAP performance scores varied 

from 19 in Togo to 51 in Burkina Faso with a median score of 34.0 [IQR, 26.5; 95% CI, 24.71 to 

47.15]. The difference in the GAP performance scores between the sub-regions was not 

statistically significant (p>0.05, Bonferroni).  

In terms of income status (Figure 3B), the GAP performance scores for LIE countries varied from 

19 in Togo to 73 in Ethiopia with a median score of 34.5 [IQR, 19.0; 95% CI, 27.29 to 44.54]. For 

LMIE countries, the GAP performance scores varied from 18 in Lesotho to 70 in Kenya with a 

median score of 40.5 [IQR, 27.5; 95% CI, 22.73 to 64.60]. For UMIE countries, the GAP 
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performance scores varied from 28 in Gabon to 48 in Namibia with a median score of 39.5 [IQR, 

17.5; 95% CI, 28.00 to 48.00]. Only one country (Seychelles) is a HIE with a GAP performance 

score of 30. The difference in the GAP performance scores between the income status of the 

countries was not statistically significant (p>0.05, Bonferroni).  

 

Figure 3: Box and Whisker plots showing the GAP performance scores with respect to the sub-region (A) and income 

status (B). *Median score. 

3.3 The SWOT analysis of the GAP implementation in the WHO African region and the road 

map for action. 

The SWOT analysis (Table 1) showed that only 7 countries (3 from Eastern Africa, 3 from 

Southern Africa and 1 from Western Africa) exhibited internal strengths to the GAP 

implementation, particularly in the thematic areas of “multi-sectoral approach to addressing 

AMR” and “developing national AMR action plans at the country level”. Conversely, 25 countries 

(4 from Central Africa, 5 from Eastern Africa, 6 from Southern Africa and 10 from Western Africa) 

exhibited internal weaknesses across all the GAP thematic areas. The SWOT analysis also detailed 

the external opportunities and threats involved in the GAP implementation in Africa.  
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Table 1. A SWOT analysis of the Global Action Plan (GAP) implementation in the World Health Organization 

African region. 

 

*The GAP themes with performance scores ≥ 75% were considered as strengths, while the GAP themes with 
performance scores < 25% were considered as weaknesses. 

AMR, antimicrobial resistance 

The proposed AMR roadmap for action (Figure 4) describes how the integration of the GAP 

indicators, planning, updating/reviewing and strategic analysis can improve all the countries 

progress in the GAP implementation. The roadmap posits a clear future objective and answers the 

pivotal "why-what-how" questions that define and explain a clear action plan for GAP 

implementation.  
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Figure 4. AMR roadmap for action indicating planning, reviewing and strategic analysis phases. MSA: Multi-sectoral 

approach to addressing AMR (theme 1). DNAP: Developing national AMR action plans at the country level (theme 

2). AWT: Awareness and training (theme 3). SURV: Surveillance (theme 4). IPC: Infection prevention and control 

(theme 5). OUAM: Optimization of the use of antimicrobial medicines in human, animal and plant health (theme 6). 

4. Discussion 

This study shows that the overall implementation of the GAP in the WHO African region is 

inadequate. Although Ethiopia, Kenya and Zambia performed relatively good, majority of the 

WHO African countries had moderate to poor performance scores. This may be attributed to the 

economical, sociological, technological, industrial and ecological factors gravely impacting the 

ability of African countries to successfully implement the GAP and combat AMR [12].  

The GAP addresses AMR from a multi-dimensional viewpoint. In terms of multi-sectoral and one 

health collaboration, the findings of this study indicated that WHO African countries performed 

relatively well. Although countries like the United Republic of Tanzania, Zambia, Ethiopia and 

Kenya performed excellently, Mozambique performed very poorly and should improve their 

collaborations with the human, plant, environmental, animal and food production sectors. This is 

in contrast to the situation in high-income countries like the USA, where integrated approaches 

have been used to implement the AMR action plan [13].  
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In terms of developing the national AMR action plans at the country level, the performance of the 

WHO African countries was relatively good. While most of the countries assessed in the present 

study have their national AMR action plans under development, Guinea and Angola have no 

national AMR action plan. However, these two countries have policies and regulations on 

antimicrobial use on humans and animals [13]. Surprisingly, Comoros and Lesotho have their 

national AMR action plans under development, but they scored least because they lack the policies 

and regulations that prohibit antimicrobial use on humans and animals. Interestingly, South Africa 

and Ghana have not only developed their national AMR action plans, but they also have their plans 

approved by the government and reflects the objectives of the GAP with an operational plan and 

monitoring arrangements. While Namibia has only just developed their national AMR action 

plans, Ethiopia has identified funding sources, implemented their plans, and have relevant sectors 

involved with a defined monitoring and evaluation process in place hence scoring 100% just like 

the USA [13] 

It has been shown that raising awareness on AMR and encouraging behavioral change through 

effective training and communication which targets stakeholders from the human health, animal 

health and agricultural sectors play a pivotal role in combatting AMR [14,15]. Unfortunately, our 

study indicates a moderate performance of AMR awareness and training in WHO African 

countries. This is because, there have not been significant activities that raises the awareness of 

AMR risks in the human health, animal health, food production, food safety, water, sanitation and 

hygiene (WASH) and environmental health sectors in the WHO African region. Also, training and 

professional education on AMR in the human health, veterinary sector and farming sector within 

the region need to be revised and made more accessible. Interestingly, this is well implemented in 

high-income countries like the USA where targeted nationwide government supported activities 

have been implemented to change the behavior of people and stakeholders within key sectors [13]. 

This study indicated poor AMR surveillance in the WHO African region. This is because, most of 

the countries not only have a poor national monitoring system for the consumption and rational 

use of antimicrobials on humans, animals and plants, but they also have a poor national AMR 

surveillance system. Countries like Zimbabwe, the United Republic of Tanzania, Zambia, Burkina 

Faso, Kenya and Uganda were shown to have a moderate performance with regards to surveillance 

as shown in Figure 2. This is because they have made some efforts in having a designed system 
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that monitors the sales and use of antimicrobials, reports collected data to the OIE and have AMR 

surveillance activities for common bacterial infections with a national reference laboratory [13]. 

However, no country in the region has an effective integrated laboratories involved in AMR 

surveillance as seen in other high-income countries like the USA [13]. 

Infectious diseases account for more than 50% of the burden of disease in many low and middle-

income countries [16]. Since attempting to reduce the risks of infectious diseases usually have an 

impact on AMR, infection prevention and control (IPC) has been identified as one of the most 

cost-effective interventions in controlling the AMR risks. However, it receives very little attention 

[17]. This is evident from the findings of this study where the IPC performance in the WHO 

African region is moderate. Although some of the countries such as Kenya, Ethiopia, Namibia and 

the United Republic of Tanzania had a relatively good performance, others like Malawi, Lesotho, 

Democratic Republic of Congo and Uganda performed poorly as shown in Figure 2. This is 

because they either lack a national IPC program such as WASH and environmental health 

standards or have it but have not fully implemented it which is in contrast to some high-income 

countries like the USA [13]..  

This study indicated that WHO African countries had a moderate performance regarding the 

optimum use of antimicrobial medicines in human, animal and plant health with an average 

performance score of 28%. This is because most of the countries either lack or have a weak national 

policy on the appropriate use of antimicrobials. Alternatively, some countries like Zimbabwe, 

Rwanda, Zambia, Namibia and Ethiopia had a good performance concerning optimal use of 

antimicrobials. This is because they have implemented the guidelines and practices that enable the 

appropriate use of antimicrobials [13]. 

Comparing the overall GAP performance between the sub-regions of the WHO African region, 

our findings indicated that the Eastern African countries performed best, followed by the countries 

in Southern Africa, then Western Africa and then Central Africa. This corroborates the findings of 

Elton et al. (2020) as they indicated that countries from Eastern African and Southern African 

performed best in terms of AMR preparedness [18]. The authors suggested that Eastern Africa has 

the highest number of countries with multi-sectoral national action plans, AMR surveillance for 

both human and animal pathogens and have embraced the One Health perspective of AMR. They 

also suggested that Southern Africa has the highest percentage of countries with antimicrobial 
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stewardship guidelines in place with human and animal antimicrobial legislation [18]. These apply 

to our study, and as a part of a unified roadmap for AMR action, it is envisaged that countries from 

other sub-regions can adapt some of these strategies to attain better implementation of the GAP. 

The present study demonstrated that LMIE countries performed best in terms of GAP 

implementation, followed by UMIE countries, then LIE countries and finally the HIE country. 

Since the majority (58.06%) of the countries assessed in this study are LIE countries with low 

GAP performance, and a recent study demonstrated a strong negative association between income 

status of a country and AMR prevalence in invasive isolates [19], then there is urgent need to 

improve GAP implementation on AMR within LIE countries to minimize the devastating effects 

of AMR. Seychelles is the only HIE African country assessed in this study, yet it has the least GAP 

performance when compared to the median GAP scores of other income categories. This implies 

that combating AMR within the country is not prioritized, and this is detrimental to the global fight 

against AMR. 

The SWOT analysis indicated that the multi-sectoral approach to addressing AMR and developing 

national AMR action plans at the country level were the only strengths exhibited in the GAP 

implementation in the WHO African region. Sadly, the strengths of these themes were exhibited 

by only 7 countries. This is majorly impacted by the threats indicated in the analysis which 

overwhelms the efforts to combat AMR. Studies have shown that uncontrollable human 

movements due to travelling, migration and urbanization creates an opportunity for antimicrobial-

resistant organisms to be moved from one geographic location to another [20,21]. Climate change 

causes temperature fluctuations which influences the thermal adaptability of microorganisms, 

consequently increasing AMR potentials in microbes [22]. Extreme weather conditions increases 

the incidence of emerging and reemerging infectious diseases, thus increasing AMR risks [23]. 

Laboratory facilities and competent staff to carry out ASTs so that infectious diseases are treated 

empirically are inadequate in Africa, and these have caused the misuse of antimicrobials hence 

favoring AMR [24–26]. Inadequate IPC and wound management strategies in the health care 

system in Africa increases the prevalence of antimicrobial-resistant infectious diseases [27,28]. 

Many antimicrobials dispensed in Africa have low quality in terms of pharmacological properties 

while many more are counterfeit. This causes the pathogens to be exposed to sub-lethal 

concentrations of the drugs, consequently encouraging the emergence of AMR [29,30]. The high 
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level of illiteracy in Africa affects people’s knowledge and behaviors when it comes to the use of 

antimicrobials. The lack of awareness thwarts the success of antimicrobial stewardship in Africa 

[31]. Also, the patient’s non-compliance to complete treatment regimen, either deliberately or by 

mistake contributes largely to AMR development [32]. During an epidemic/pandemic, for 

instance, the COVID-19 pandemic, health care services are usually disrupted. There is an increase 

in hospital admissions, an increase in the risks of healthcare-associated infections and treatment 

interruptions of other infectious diseases such as TB and HIV. These factors consequently 

encourages the emergence and spread of antimicrobial resistant strains [33]. This is exacerbated 

by inadequate preparedness for public health emergencies [34].  

The SWOT analysis demonstrated that most of the WHO African countries exhibited weaknesses 

across all the themes. For the weaknesses to be turned into strengths, the analysis highlights certain 

opportunities that can be adapted in Africa. Intercountry and inter-sectoral collaborations and 

partnerships are required to coordinate more harmonized human, animal and environmental health 

policies [35]. Antimicrobial stewardship programs in Africa are required to preserve the efficacy 

of antimicrobials by reducing, and possibly avoiding their misuse while upholding their access 

[36]. Incorporating AMR into the educational and training curriculum of professionals in human 

and veterinary sciences in Africa is required to ensure better understanding among professionals. 

Improving AMR awareness via effective communications in Africa is required to promote “expert-

driven” changes in behaviors [37]. Advanced research and development in Africa are needed to 

develop new antimicrobials, improve diagnostics, develop vaccines and antimicrobial alternatives 

[38,39]. Finally, the surveillance system in Africa needs to be improved to provide substantial data 

that will monitor changes in the susceptibly patterns and resistance trends of pathogens as well as 

help control AMR in the region [40]. 

The roadmap proposed in this study posits a strategic analysis that has a three-part architecture, 

the "why-what-how" questions that culminate in the required actions, the timely "to-do's." Using 

the individual and overall GAP scores in the planning phase, a country can enter the 

updating/reviewing phase, where implementation, data collection, analysis and feedback are vital 

in reviewing the progress made. Based on the results from the SWOT analysis, the progress in the 

GAP indicators can be identified and a strategic analysis can take place to identify the indicators 

that lack progress as well as identify achievable, yet measurable performance targets aligned to the 
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AMR objectives. Key in the strategic analysis phase is to identify how actions, resources risks, 

and opportunities will be implemented. The roadmap should be dynamic and be open to external 

opportunities, whilst keeping a clear focus on the end goal of the AMR agenda. 

Study limitations 

This study is limited to data from only 31 WHO African countries. Also, data on the 5th strategic 

objective of the GAP “to ensure sustainable investment in countering antimicrobial resistance” is 

not available in the database and was not included in the study. Efforts were made to eliminate 

potential sources of bias during analysis since secondary data was used.  

Conclusion 

This study demonstrated that the overall GAP implementation performance in the WHO African 

region is inadequate. There was no significant difference in the GAP implementation performance 

between the African sub-regions and between the income groups. We recommend a roadmap for 

action to realign country-specific AMR plans to the Global AMR agenda and promote intercountry 

and multi-sectoral collaborations involving the government, health care providers, veterinarians, 

researchers, academicians, farmers and other stakeholders to tackle the complex and multi-faceted 

problems associated with AMR in Africa. 

Acknowledgements 

We would like to acknowledge the School of Health Systems and Public Health, University of 

Pretoria, South Africa for making the study possible. 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial, 
or not-for-profit sectors. 

Declaration of competing interests 

The authors declare that they have no competing interests 

 

 

16



Authors' contributions 

CDI and SMP contributed to the conception and design of the study. CDI collected and analysed 

the data, and prepared the draft manuscript. CDI and SMP revised the sections of the manuscript. 

All authors read and approved the final manuscript. 

References 

[1] Sekyere JO. Current State of Resistance to Antibiotics of Last-Resort in South Africa : A 

Review from a Public Health Perspective. Front Public Health 2016;4:1–11. 

https://doi.org/10.3389/fpubh.2016.00209. 

[2] Inoue H, Minghui R. Antimicrobial resistance: Translating political commitment into 

national action. Bulletin of the World Health Organization 2017;95:242-242A. 

https://doi.org/10.2471/BLT.17.191890. 

[3] Iwu CD, Korsten L, Okoh AI. The incidence of antibiotic resistance within and beyond 

the agricultural ecosystem: A concern for public health. MicrobiologyOpen 

2020;00:e1035. https://doi.org/10.1002/mbo3.1035. 

[4] Shallcross LJ, Davies SC. The World Health Assembly resolution on antimicrobial 

resistance. Journal of Antimicrobial Chemotherapy 2014;69:2883–5. 

https://doi.org/10.1093/jac/dku346. 

[5] Iwu CD, Okoh AI. Preharvest Transmission Routes of Fresh Produce Associated Bacterial 

Pathogens with Outbreak Potentials: A Review. International Journal of Environmental 

Research and Public Health 2019;16:4407. https://doi.org/10.3390/ijerph16224407. 

[6] Tadesse BT, Ashley EA, Ongarello S, Havumaki J, Wijegoonewardena M, González IJ, et 

al. Antimicrobial resistance in Africa: A systematic review. BMC Infectious Diseases 

2017;17:1–17. https://doi.org/10.1186/s12879-017-2713-1. 

[7] Ndihokubwayo J, Yahaya A, Desta A, Ki-Zerbo G, Odei E, Keita B, et al. Antimicrobial 

resistance in the African Region: issues, challenges and actions proposed. WHO Press 

2013;16:27–30. 

[8] WHO. World Health Organization. Global Action Plan on Antimicrobial Resistance 2015. 

17



https://apps.who.int/iris/bitstream/handle/10665/193736/9789241509763_eng.pdf?sequen

ce=1 (accessed May 8, 2020). 

[9] Cosner RR, Hynds EJ, Fusfeld AR, Loweth C V., Scouten C, Albright R. Integrating 

roadmapping into technical planning. Research Technology Management 2007;50:31–48. 

https://doi.org/10.1080/08956308.2007.11657471. 

[10] Carlos R, Amaral DC, Caetano M. Framework for continuous agile technology roadmap 

updating. Innovation & Management Review 2018;15:321–36. 

https://doi.org/10.1108/inmr-05-2018-0030. 

[11] World Bank. World Bank Country and Lending Groups – World Bank Data Help Desk 

2019. https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-

country-and-lending-groups (accessed October 30, 2020). 

[12] Pokharel S, Raut S, Adhikari B. Tackling antimicrobial resistance in low-income and 

middle-income countries. BMJ Global Health 2019;4:2104. 

https://doi.org/10.1136/bmjgh-2019-002104. 

[13] WHO. World Health Organization. Global Database for the Tripartite Antimicrobial 

Resistance (AMR) Country Self-assessment Survey (TrACSS) 2018. 

https://amrcountryprogress.org/ (accessed June 4, 2021). 

[14] WHO. World Health Organization. Awareness and education. WHO 2016. 

http://www.who.int/antimicrobial-resistance/global-action-plan/awareness/en/ (accessed 

October 8, 2020). 

[15] Redfern J, Bowater L, Coulthwaite L, Verran J. Raising awareness of antimicrobial 

resistance among the general public in the UK: the role of public engagement activities. 

JAC-Antimicrobial Resistance 2020;2:dlaa012. https://doi.org/10.1093/jacamr/dlaa012. 

[16] O’Neill J. Infection Prevention, Control and Surveillance: Limiting the Development and 

Spread of Drug Resistance. 2016. 

[17] Whitelaw AC. Role of infection control in combating antibiotic resistance. South African 

Medical Journal 2015;105:421. https://doi.org/10.7196/SAMJ.9650. 

18



[18] Elton L, Thomason MJ, Tembo J, Velavan TP, Pallerla SR, Arruda LB, et al. 

Antimicrobial resistance preparedness in sub-Saharan African countries. Antimicrobial 

Resistance and Infection Control 2020;9:1–11. https://doi.org/10.1186/s13756-020-00800-

y. 

[19] Alvarez-Uria G, Gandra S, Laxminarayan R. Poverty and prevalence of antimicrobial 

resistance in invasive isolates. International Journal of Infectious Diseases 2016;52:59–61. 

https://doi.org/10.1016/j.ijid.2016.09.026. 

[20] Van der Bij AK, Pitout JDD. The role of international travel in the worldwide spread of 

multiresistant enterobacteriaceae. Journal of Antimicrobial Chemotherapy 2012;67:2090–

100. https://doi.org/10.1093/jac/dks214. 

[21] Holmes AH, Moore LSP, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, et al. 

Understanding the mechanisms and drivers of antimicrobial resistance. The Lancet 

2016;387:176–87. https://doi.org/10.1016/S0140-6736(15)00473-0. 

[22] Rodríguez-Verdugo A, Lozano-Huntelman N, Cruz-Loya M, Savage V, Yeh P. 

Compounding Effects of Climate Warming and Antibiotic Resistance. IScience 

2020;23:101024. https://doi.org/10.1016/j.isci.2020.101024. 

[23] WHO. World Health Organization. A global health guardian: climate change, air pollution 

and antimicrobial resistance 2017. https://www.who.int/publications/10-year-

review/chapter-guardian.pdf?ua=1 (accessed October 18, 2020). 

[24] Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA. Laboratory medicine in Africa: 

A barrier to effective health care. Clinical Infectious Diseases 2006;42:377–82. 

https://doi.org/10.1086/499363. 

[25] Kimang’a AN. A situational analysis of antimicrobial drug resistance in Africa: are we 

losing the battle? . Ethiopian Journal of Health Sciences  2012;22:135–43. 

[26] Ezeala CC. Skilling up medical laboratory technologists for higher roles in biomedical 

sciences: A needs analysis. African Journal of Health Professions Education 2011;3:3–5. 

https://doi.org/10.7196/AJHPE.128. 

19



[27] Adegoke AA, Mvuyo T, Okoh AI, Steve J. Studies on multiple antibiotic resistant 

bacterial isolated from surgical site infection. Scientific Research and Essays 

2010;5:3876–81. 

[28] Sani RA, Garba SA, Oyewole OA. Antibiotic Resistance Profile of Gram Negative 

Bacteria Isolated from Surgical Wounds in Minna, Bida, Kontagora and Suleja Areas of 

Niger State. American Journal of Medicine and Medical Sciences 2012;2:20–4. 

https://doi.org/10.5923/j.ajmms.20120201.05. 

[29] Winstanley P, Ward S, Snow R, Breckenridge A. Therapy of falciparum malaria in sub-

Saharan Africa: From molecule to policy. Clinical Microbiology Reviews 2004;17:612–

37. https://doi.org/10.1128/CMR.17.3.612-637.2004. 

[30] Kelesidis T, Kelesidis I, Rafailidis PI, Falagas ME. Counterfeit or substandard 

antimicrobial drugs: A review of the scientific evidence. Journal of Antimicrobial 

Chemotherapy 2007;60:214–36. https://doi.org/10.1093/jac/dkm109. 

[31] Jacqueline LN, Nyairo S, Bironse M, Kacwiya S, Musigunzi N, Kamulegeya A. Antibiotic 

use knowledge and behavior at a Ugandan university . International Journal of Infection 

Control 2011;7:1–7. 

[32] Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial resistance in 

developing countries: Causes and control strategies. Antimicrobial Resistance and 

Infection Control 2017;6:1–8. https://doi.org/10.1186/s13756-017-0208-x. 

[33] Getahun H, Smith I, Trivedi K, Paulin S, Balkhy HH. Tackling antimicrobial resistance in 

the COVID-19 pandemic. Bulletin of the World Health Organization 2020;98:442-442A. 

https://doi.org/10.2471/BLT.20.268573. 

[34] Willis DL, Chandler C. Quick fix for care, productivity, hygiene and inequality: 

Reframing the entrenched problem of antibiotic overuse. BMJ Global Health 2019;4:1590. 

https://doi.org/10.1136/bmjgh-2019-001590. 

[35] OIE. World Organisation for Animal Health. International and Intersectoral Collaboration 

2020. https://www.oie.int/en/for-the-media/amr/international-collaboration/ (accessed 

20



October 22, 2020). 

[36] Aarestrup F. Get pigs off antibiotics. Nature 2012;486:465–6. 

https://doi.org/10.1038/486465a. 

[37] WHO. World Health Organization. Raising awareness and education on antimicrobial 

resistance 2020. https://www.who.int/activities/raising-awareness-and-educating-on-

antimicrobial-resistance (accessed October 22, 2020). 

[38] IACG. Antimicrobial resistance: Invest in innovation and research, and boost R&D and 

access. IACG Discussion Paper 2018. https://www.who.int/antimicrobial-

resistance/interagency-coordination-

group/IACG_AMR_Invest_innovation_research_boost_RD_and_access_110618.pdf 

(accessed October 22, 2020). 

[39] Lomazzi M, Moore M, Johnson A, Balasegaram M, Borisch B. Antimicrobial resistance - 

Moving forward? BMC Public Health 2019;19:858. https://doi.org/10.1186/s12889-019-

7173-7. 

[40] Bax R, Bywater R, Cornaglia G, Goossens H, Hunter P, Isham V, et al. Surveillance of 

antimicrobial resistance - What, how and whither? Clinical Microbiology and Infection 

2001;7:316–25. https://doi.org/10.1046/j.1198-743X.2001.00239.x. 

 

 

 

 

 

 

 

 

 

21




