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 Abstract. Antimicrobial resistance (AMR) represents a growing public 
health challenge in Nigeria. The pervasive misuse of antibiotics, 
insufficient regulatory frameworks, and inadequate surveillance 
systems exacerbate this issue. The existing methods for antibiotic 
monitoring are fragmented and inefficient, hindering the ability to detect 
real-time resistance patterns. This review delves into the role of digital 
surveillance technologies in combating AMR, taking advantage of 
electronic medical records (EMRs), mobile health (mHealth) 
applications, AI-powered analytics, and cloud-based databases to 
enhance data collection, prescription tracking, and policy interventions. 
Research conducted in low- and middle-income countries (LMICs), 
including India and Kenya, demonstrates digital tools' efficacy in 
addressing antimicrobial resistance (AMR). Despite these advantages, 
Nigeria continues to face significant challenges related to data privacy, 
infrastructure limitations, financial sustainability, and a digital divide 
between urban and rural regions. Addressing these limitations requires 
implementing strategic investments in health technology, establishing 
robust regulatory frameworks, and fostering multi-sectoral collaboration 
among government agencies, private sector stakeholders, healthcare 
institutions, and research organisations. In this review, we strongly 
advocate for an approach that integrates a data-driven antimicrobial 
resistance (AMR) surveillance system, facilitating real-time monitoring 
and policy-driven strategies. Nigeria can enhance antibiotic 
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stewardship, mitigate resistance, and protect public health by evolving 
into a robust digital health ecosystem. 

Keywords: Antimicrobial resistance; digital surveillance; electronic 
health records; artificial intelligence; prescription tracking. 

 
INTRODUCTION 

Antibiotic resistance represents a significant 
global health challenge, particularly impacting 
low- and middle-income countries like Nigeria. 
The misuse and overuse of antibiotics in Nigeria 
have led to the emergence of resistant bacterial 
strains, complicating the treatment of infections 
that were once easily treatable [1]. This issue is 
exacerbated by inadequate enforcement of anti-
biotic regulations, insufficient surveillance, and a 
fragile healthcare infrastructure. If unaddressed, 
antibiotic resistance may result in prolonged 
hospital stays, increased mortality rates, and a 
heightened financial burden on patients and the 
healthcare system [2]. A primary contributor to 
antibiotic resistance in Nigeria is the widespread 
availability of antibiotics without prescription. 
Many individuals engage in self-medication, often 
with incorrect dosages or inadequate treatment 
regimens [2]. 

Moreover, inappropriate prescribing practices by 
healthcare professionals, such as the excessive 
use of broad-spectrum antibiotics, contribute to 
developing resistance. The absence of stringent 
regulations and enforcement mechanisms pre-
vents these practices from persisting, thereby 
complicating efforts to control antibiotic overuse 
effectively [3]. Nigeria urgently requires a relia-
ble, real-time monitoring system to track antibi-
otic use, detect resistance tendencies, and guide 
policy measures to confront this expanding epi-
demic. Traditional monitoring approaches are 
frequently slow, fragmented, and inconsistent, 
rendering them useless in combating the dynam-
ic nature of antibiotic abuse [1, 4]. A more proac-
tive strategy is essential to prevent the spread of 
resistance before it becomes unmanageable [5]. 

Digital health technologies offer a promising av-
enue for advancement. Digital surveillance, in-
corporating electronic health records, pharmacy 
tracking systems, and artificial intelligence, can 
provide real-time data on antibiotic prescriptions 
and usage patterns [6]. These tools can assist in 
identifying usage hotspots, alerting authorities to 
growing resistance tendencies, and facilitating 
evidence-based decision-making. Implementing 
digital health solutions in Nigeria could be a 
game-changer in the fight against antibiotic re-

sistance, ensuring a more long-term and effective 
response to this public health issue [1, 7]. 

 

RESULTS AND DISCUSSION 

Understanding Antibiotic Misuse and Resistance in 
Nigeria. Antibiotic resistance is a significant pub-
lic health concern in Nigeria, caused by wide-
spread antibiotic abuse. According to the World 
Health Organization (WHO), Nigeria has one of 
the highest incidences of antimicrobial resistance 
(AMR) in Africa [8]. A 2019 survey discovered 
that more than 88% of Nigerians had used anti-
biotics without a prescription, contributing to the 
growth of resistant bacterial diseases [2]. Fur-
thermore, hospital data from large cities such as 
Lagos and Abuja show that more than half of bac-
terial illnesses no longer respond to first-line an-
tibiotics, requiring healthcare practitioners to 
turn to more expensive and less accessible alter-
natives [9]. 

Specific populations are more susceptible to an-
tibiotic overuse and the implications of re-
sistance. Rural areas with limited access to 
skilled healthcare providers sometimes rely on 
patent medicine merchants to sell antibiotics 
without sufficient instruction [10]. Many people 
in urban slums practice self-medication, acquir-
ing antibiotics from open markets or illicit medi-
cine suppliers. Furthermore, hospitalised pa-
tients, particularly those in intensive care units 
(ICUs), are at a higher risk of developing multi-
drug-resistant infections due to extended antibi-
otic exposure. Children, pregnant women, and 
people with chronic conditions are particularly 
vulnerable to antibiotic resistance [11]. 

One of Nigeria's most significant challenges in 
addressing antibiotic resistance is the lack of re-
liable data. Traditional methods for monitoring 
antibiotic usage and resistance rely on handwrit-
ten documentation, which is often incomplete 
and unreliable [1, 8]. Many healthcare facilities 
use paper records, leading to fragmented report-
ing across states and regions. The absence of a 
unified national database hinders the real-time 
detection of resistance patterns, resulting in de-
lays in treatments that could prevent resistant 
disease outbreaks [12]. Without accurate data, 
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authorities face difficulties implementing effec-
tive policies and guidelines to combat antibiotic 
overuse [13]. 

Several real-world instances demonstrate these 
problems. Research conducted at a tertiary hos-
pital in Lagos discovered that approximately 
70% of antibiotic prescriptions were issued 
without laboratory confirmation of bacterial ill-
nesses, resulting in needless drug exposure [14]. 
In a rural health clinic in northern Nigeria, medi-
cal staff observed that most patients requested 
antibiotics by name, influenced by previous ex-
periences or non-medical advice. Due to a lack of 
an electronic tracking system, these facilities 
struggled to monitor prescription trends, making 
rational antibiotic use difficult to enforce [15]. 

Nigeria must establish a more efficient monitor-
ing system capable of collecting real-time data on 
antibiotic usage and resistance patterns to com-
bat antibiotic resistance effectively. Addressing 
the deficiencies in traditional data collection 
methods will be crucial for implementing target-
ed treatments and mitigating the increasing bur-
den of antibiotic-resistant diseases nationwide 
[1, 11]. 

The Role of Surveillance in Combating AMR. Sur-
veillance is crucial in combating antimicrobial 
resistance (AMR) because it identifies trends, 
guides policy decisions, and allows early action. A 
well-organised surveillance system aids in track-
ing antibiotic consumption, monitoring re-
sistance tendencies, and assessing regulatory 
measures' efficacy [16]. Without real-time data, 
governments and health organisations are hin-
dered in their ability to formulate targeted inter-
ventions, leading to the unchecked overuse of 
antibiotics and the proliferation of resistant bac-
terial strains. Informed decision-making, sup-
ported by comprehensive surveillance, is essen-
tial for preserving the effectiveness of current 
antibiotics and ensuring sustainable healthcare 
outcomes [17]. 

The World Health Organization's Global Antimi-
crobial Resistance and Use Surveillance System 
(GLASS) establishes a standardised framework 
for countries to gather and analyse AMR data. 
Nigeria has formally joined GLASS to improve its 
AMR monitoring skills and match its surveillance 
efforts with worldwide best practices [18]. This 
program has helped to increase laboratory ca-
pacity, share data, and implement national action 
plans to combat antibiotic misuse. GLASS pro-
vides Nigeria with access to a global network of 

AMR data, enabling comparative research and 
the implementation of proven intervention 
measures [19]. Despite its participation, the 
country has substantial barriers to completely 
incorporating GLASS-recommended practices 
into its healthcare system [20]. 

Current methodologies for tracking antibiotic 
usage in Nigeria are inadequate due to systemic 
deficiencies in data collection, infrastructure, and 
enforcement mechanisms. The country's antimi-
crobial resistance (AMR) surveillance predomi-
nantly relies on hospital-based data, with mini-
mal integration of information from pharmacies, 
private clinics, and informal drug markets, where 
most antibiotic misuse occurs [1]. Many 
healthcare facilities continue to employ manual 
reporting systems, resulting in inconsistencies 
and delays in data collection. Additionally, labor-
atory capacity is unevenly distributed, with rural 
and underfunded hospitals lacking the necessary 
diagnostic tools to identify resistant pathogens 
effectively [21]. 

Furthermore, the lack of a national electronic 
prescription and distribution system impedes 
efforts to track antibiotic utilisation. While some 
tertiary institutions have implemented digital 
health records, most healthcare practitioners 
lack access to electronic monitoring systems, par-
ticularly those in primary care settings. This 
fragmented surveillance network limits a thor-
ough picture of national antibiotic use trends, 
limiting the ability to adopt timely interven-
tions [22].  

Nigeria must invest in national digital surveil-
lance infrastructure to remedy these gaps, ex-
pand laboratory networks, and implement rules 
requiring standardised antibiotic reporting 
across all healthcare sectors [23]. Without a co-
ordinated and data-driven strategy, AMR will 
continue to endanger public health and degrade 
the efficacy of life-saving medicines [24].  

Digital Surveillance Technologies: Global Lessons 
and Local Applications. Digital surveillance tools 
revolutionise healthcare by giving real-time data 
on antibiotic use and resistance tendencies. In 
the fight against antimicrobial resistance (AMR), 
these technologies improve data collection, 
streamline reporting, and allow for evidence-
based policymaking. Adopting digital health tools 
can help Nigeria bridge gaps in traditional sur-
veillance, resulting in a more proactive strategy 
for addressing antibiotic overuse [25]. 
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Several digital health tools are essential for AMR 
surveillance:  

1) EHRs allow healthcare practitioners to moni-
tor antibiotic consumption patterns and report 
problematic prescriptions [26]. 

2) Mobile reporting systems enable healthcare 
professionals in remote places to record antibi-
otic use and resistance in real time [26].  

3) Cloud-Based Databases: Nationally connected 
platforms consolidate healthcare data for poli-
cymakers and academics to access smoothly [26].  

4) AI-powered analysis uses massive datasets to 
anticipate resistance patterns, identify high-risk 
areas, and recommend targeted actions [26].  

Successful Case Studies from Other LMICs. Low- 
and middle-income countries (LMICs) have effec-
tively used digital monitoring technology to pre-
vent AMR, providing valuable lessons for Nigeria.  

The National AMR Surveillance Network (NARS-
Net) in India uses hospital-based electronic re-
porting systems and cloud databases to monitor 
antibiotic resistance nationwide. AI-powered an-
alytics can forecast outbreaks, allowing timely 
policy actions [27].  

Kenya's mHealth Platforms allow healthcare per-
sonnel to input real-time AMR data from remote 
clinics. These systems and AI-powered dash-
boards have enabled the early detection of re-
sistance patterns [28]. Thailand's AMR Surveil-
lance System integrates digital prescription 
tracking with national health records, minimising 
antibiotic usage in public and private healthcare 
institutions [29].  

Examples of Nigerian Platforms. Nigeria has be-
gun to integrate digital health technologies, albeit 
execution is inconsistent. Promising platforms 
include mHealth initiatives, such as the mDoc 
platform, which allows healthcare staff to record 
and track antibiotic prescriptions digitally [30]. 

a) Nigerian companies are building smartphone 
apps for drug monitoring, enabling pharmacists 
and physicians to report antibiotic sales and pre-
vent illicit dispensing [30].  

b)  Nigeria's National Health Management Infor-
mation System (NHMIS) is integrating digital re-
porting for illness surveillance. While now fo-
cused on infectious disorders, expanding to in-
corporate drug tracking has the potential to im-
prove AMR monitoring significantly [30].  

Challenges in Implementation. Despite the poten-
tial for digital surveillance, numerous constraints 
prevent widespread implementation in Nigeria:  

a) Limited internet access in rural healthcare fa-
cilities reduces the effectiveness of cloud-based 
and mobile reporting technologies. Expanding 
the internet infrastructure is critical for national 
digital surveillance [30].  

b) Many healthcare providers, especially in pub-
lic hospitals and rural areas, lack basic training to 
use digital health tools. Without adequate train-
ing programs, the adoption of EHRs and AI-
powered analytics will be delayed [30].  

c) Funding constraints: The high cost of develop-
ing and sustaining digital health infrastructure 
presents a substantial challenge. Nigeria requires 
investment from the public and private sectors to 
build and deploy these technologies.  

d) Regulatory and policy barriers: Although digi-
tal health policies exist, there is no national strat-
egy for AMR surveillance. Setting explicit norms 
for data exchange, privacy, and interoperability is 
critical.  

Nigeria can improve AMR surveillance and min-
imise antibiotic abuse by learning from other 
LMICs and increasing its digital health initiatives. 
Overcoming implementation obstacles requires 
collaborative efforts from government agencies, 
private health-tech businesses, and international 
partners. Investing in digital surveillance is more 
than a technological update; it is a key step to-
ward protecting public health from the growing 
threat of antibiotic resistance [31].  

Opportunities for Integrating Digital Surveillance 
in Nigeria. Incorporating digital monitoring tech-
nology into Nigeria's healthcare system repre-
sents a critical opportunity to combat antibiotic 
resistance. Nigeria may develop an effective sur-
veillance system by leveraging public-private 
partnerships, improving engagement with phar-
macy networks and hospitals, extending mobile-
based community health tools, and implementing 
real-time dashboards for policymakers [23]. Fur-
thermore, research institutions and universities 
can be important in promoting innovation and 
policy development. 

Public-Private Partnerships. Collaboration among 
the government, corporate sector, and non-
governmental organisations (NGOs) can hasten 
the implementation of digital surveillance [23]. 
Private health technology companies can help 
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create electronic health record (EHR) systems, 
AI-powered analytics, and cloud-based platforms 
for AMR tracking. International institutions, such 
as the World Health Organization (WHO) and the 
Africa Centres for Disease Control and Preven-
tion (Africa CDC), can provide financial and tech-
nical support to help scale these solutions. Pub-
lic-private partnerships can also encourage in-
vestment in digital infrastructure, ensuring that 
surveillance technologies reach underserved ar-
eas where antibiotic abuse is common [32]. 

Integration with Pharmacy Networks and Hospi-
tals. Community pharmacies constitute signifi-
cant stakeholders in Nigeria's antibiotic supply 
chain; however, many operate outside estab-
lished regulatory frameworks. The integration of 
digital surveillance with pharmacy networks 
could facilitate the tracking of antibiotic sales and 
prescription patterns. Implementing a national 
digital prescription system, interconnected with 
pharmacies and hospitals, would enable real-
time monitoring of antibiotic dispensing, thereby 
reducing illicit sales. Hospitals, particularly ter-
tiary and teaching institutions, can employ AI-
powered surveillance to identify resistance 
trends and contribute the findings to a national 
AMR dashboard [33]. 

Mobile-Based Community Health Reporting Tools. 
Given Nigeria's sizable informal healthcare sec-
tor, mobile-based surveillance techniques can 
help bridge the gap between formal and informal 
practitioners. Community health workers and 
patent medicine dealers frequently serve as pa-
tients' first point of contact and can use mobile 
apps to report antibiotic sales and suspected re-
sistance cases [34]. Similar approaches have 
been successfully deployed in Kenya and Uganda, 
where mobile reporting systems offer critical re-
al-time data to national health authorities. By 
providing user-friendly digital tools to frontline 
healthcare workers, Nigeria can improve the 
reach and accuracy of AMR surveillance [35]. 

Real-Time Dashboards for Policymakers. Data 
must be readily available and actionable for digi-
tal surveillance to be effective. A consolidated 
AMR dashboard integrating data from hospitals, 
pharmacies, and mobile health reporting tech-
nologies can give policymakers real-time infor-
mation about antibiotic use and resistance pat-
terns [36]. This method would enable the Nigeri-
an Centre for Disease Control (NCDC) and the 
Federal Ministry of Health to respond swiftly to 
growing resistance threats. Policymakers might 

also employ predictive analytics to launch target-
ed initiatives in high-risk areas, resulting in a 
more proactive approach to AMR contain-
ment [34]. 

The Role of Research Institutions and Universities. 
Nigerian universities and research institutes are 
critical in improving AMR surveillance through 
data analysis, innovation, and capacity training. 
Institutions like the Nigerian Institute of Medical 
Research (NIMR) and major universities with 
public health programs can help by creating ma-
chine-learning models for resistance prediction, 
conducting antibiotic use surveys, and training 
healthcare professionals in digital health tech-
nologies [8]. Academic research can also help in-
form evidence-based policies, ensuring that AMR 
interventions are customised to Nigeria's 
healthcare setting.  

Integrating digital surveillance into Nigeria's 
healthcare system involves a cross-sectoral ap-
proach that includes public-private partnerships, 
pharmacy networks, community health report-
ing, real-time policymaker dashboards, and aca-
demic research. By seizing these opportunities, 
Nigeria may establish a resilient surveillance in-
frastructure that improves antibiotic steward-
ship, lowers resistance, and improves public 
health security [37].  

Challenges and Ethical Considerations. While digi-
tal surveillance appears to be a potential strategy 
for combating antimicrobial resistance (AMR) in 
Nigeria, its implementation poses substantial 
hurdles and ethical considerations. Addressing 
these concerns is critical for the long-term suc-
cess and adoption of digital health solutions [1]. 

Data Privacy and Patient Consent. One of the most 
critical ethical issues in digital monitoring is data 
privacy. Collecting and keeping patient health 
details, such as antibiotic prescriptions and re-
sistance patterns, raises concerns about privacy 
and illegal access [38]. Many Nigerians are igno-
rant of how their medical data is utilised, making 
informed consent a vital consideration. Without 
strong data privacy regulations and strict en-
forcement, malicious actors may misuse sensitive 
health information or cause it to fall into the 
wrong hands. To overcome this, Nigeria must es-
tablish clear regulatory frameworks that respect 
patient rights while allowing health data to be 
utilised for antimicrobial resistance surveillance 
[38]. 



Path of Science. 2025. Vol. 3. No 3  ISSN 2413-9009 

Section “Medicine”   1014 

Infrastructure Limitations. Poor healthcare and 
technology infrastructure are significant obsta-
cles to establishing digital surveillance systems. 
Many public hospitals still use paper records, and 
the lack of standardised electronic health sys-
tems leads to fragmented data collection [30]. 
Furthermore, fluctuating power supply and unre-
liable internet connectivity – particularly in rural 
areas – limit the deployment of cloud-based AMR 
tracking technologies. Without a significant in-
vestment in health IT infrastructure, digital sur-
veillance activities may be futile [32]. 

Sustainability of Donor-Funded Systems. Interna-
tional organisations and donors sponsor many of 
Nigeria's digital health programs. While these 
programs make essential initial expenditures, 
they sometimes lack long-term sustainability 
plans [39]. When donor financing expires, initia-
tives fail due to insufficient local funding and 
technical support. To maintain continuity, Nige-
ria must emphasise government ownership of 
digital health programs, commit domestic re-
sources, and form public-private partnerships to 
keep AMR surveillance systems operational [28]. 

Digital Divide: Urban vs. Rural Disparities. Nigeria 
has a vast digital divide between its urban and 
rural areas. While major cities have easier access 
to electronic health records and mobile health 
platforms, many rural areas lack basic digital in-
frastructure. Low digital literacy among rural 
healthcare professionals exacerbates the divide. 
Focused investments in rural digital health infra-
structure, mobile-based solutions designed for 
low-resource settings, and capacity-building pro-
grams to train healthcare personnel in digital 
surveillance are required to close the digital 
health gap [40]. 

 

CONCLUSIONS  

Antimicrobial resistance (AMR) in Nigeria is in-
creasing due to improper prescription, admin-
istration, overuse of antibiotics, inadequate sur-
veillance, and regulatory deficiencies. Digital sur-
veillance technologies offer a transformative so-
lution by enabling real-time monitoring of anti-
biotic usage and resistance patterns. To ensure 
successful implementation, governments and 
health organisations must address data privacy, 
infrastructural limitations, donor dependency, 
and rural-urban disparities. A digital transfor-
mation is urgently needed to enhance antimicro-
bial resistance (AMR) surveillance and ensure 
effective antibiotic stewardship;  

Policymakers must implement initiatives at the 
policy level to achieve this. The Nigerian gov-
ernment must invest in digital health infrastruc-
ture, especially in rural regions, and combine 
electronic health records (EHRs), pharmacy net-
works, and mobile health reporting tools into a 
centralised AMR tracking system. Strengthening 
data protection regulations and encouraging 
public participation through awareness cam-
paigns will be crucial in addressing ethical con-
cerns and restoring public trust. 

Effective multi-sectoral coordination remains a 
crucial intervention for the sustainability of digi-
tal surveillance initiatives. The government, 
commercial sector, research institutions, and 
healthcare providers must collaborate to estab-
lish enduring funding models, enforce antibiotic 
regulations, and promote antimicrobial re-
sistance (AMR) surveillance innovation. Nigeria 
can effectively safeguard public health and miti-
gate antibiotic resistance by leveraging digital 
technology and fostering robust partnerships. 

 
REFERENCES 

1. Iheanacho, C. O., & Eze, U. I. H. (2022). Antimicrobial resistance in Nigeria: challenges and charting the 
way forward. European Journal of Hospital Pharmacy, 29(2), 119. doi: 10.1136/ejhpharm-2021-
002762 

2. Akande-Sholabi, W., & Oyesiji, E. (2023). Antimicrobial stewardship: knowledge, perceptions, and 
factors associated with antibiotic misuse among consumers visiting the community pharmacies in 
a Nigeria Southwestern State. Journal of Pharmaceutical Policy and Practice, 16(1). 
doi: 10.1186/s40545-023-00629-x 

3. Sutton, K. F., & Ashley, L. W. (2024). Antimicrobial resistance in the United States: Origins and future 
directions. Epidemiology and Infection, 152. doi: 10.1017/s0950268824000244 

https://doi.org/10.1136/ejhpharm-2021-002762
https://doi.org/10.1136/ejhpharm-2021-002762
https://doi.org/10.1186/s40545-023-00629-x
https://doi.org/10.1017/s0950268824000244


Path of Science. 2025. Vol. 3. No 3  ISSN 2413-9009 

Section “Medicine”   1015 

4. Oliveira, M., Antunes, W., Mota, S., Madureira-Carvalho, Á., Dinis-Oliveira, R. J., & Da Silva, D. D. (2024). 
An overview of the recent advances in antimicrobial resistance. Microorganisms, 12(9), 1920. 
doi: 10.3390/microorganisms12091920 

5. Cooper, G. M. (2000). The Cell: A Molecular Approach (2nd ed.). Retrieved from 
https://www.ncbi.nlm.nih.gov/books/NBK9963/ 

6. Rabaan, A. A., Alhumaid, S., Mutair, A. A., Garout, M., Abulhamayel, Y., Halwani, M. A., Alestad, J. H., 
Bshabshe, A. A., Sulaiman, T., AlFonaisan, M. K., Almusawi, T., Albayat, H., Alsaeed, M., Alfaresi, M., 
Alotaibi, S., Alhashem, Y. N., Temsah, M., Ali, U., & Ahmed, N. (2022). Application of artificial 
intelligence in combating high antimicrobial resistance rates. Antibiotics, 11(6), 784. 
doi: 10.3390/antibiotics11060784 

7. Pillay, S., Calderón-Franco, D., Urhan, A., & Abeel, T. (2022). Metagenomic-based surveillance systems 
for antibiotic resistance in non-clinical settings. Frontiers in Microbiology, 13. 
doi: 10.3389/fmicb.2022.1066995 

8. Chukwu, E. E., Oladele, D. A., Awoderu, O. B., Afocha, E. E., Lawal, R. G., Abdus-Salam, I., Ogunsola, F. T., 
& Audu, R. A. (2020). A national survey of public awareness of antimicrobial resistance in Nigeria. 
Antimicrobial Resistance and Infection Control, 9(1). doi: 10.1186/s13756-020-00739-0 

9. Ogunleye, O. O., Oyawole, M. R., Odunuga, P. T., Kalejaye, F., Yinka-Ogunleye, A. F., Olalekan, A., 
Ogundele, S. O., Ebruke, B. E., Richard, A. K., Paramadhas, B. D. A., Kurdi, A., Sneddon, J., Seaton, A., 
& Godman, B. (2021). A multicentre point prevalence study of antibiotics utilisation in 
hospitalised patients in Nigeria's urban secondary and tertiary healthcare facilities: findings and 
implications. Expert Review of Anti-infective Therapy, 20(2), 297–306. 
doi: 10.1080/14787210.2021.1941870 

10. Pokharel, S., Adhikari, B., Johnson, T., & Cheah, P. Y. (2024). Interventions to address antimicrobial 
resistance: an ethical analysis of key tensions and how they apply in low- income and middle-
income countries. BMJ Global Health, 9(4), e012874. doi: 10.1136/bmjgh-2023-012874 

11. Ajekiigbe, V. O., Ogieuhi, I. J., Odeniyi, T. A., Ogunleke, P. O., Olatunde, J. T., Babalola, A. V., Omoleke, A. 
A., Omitade, T. F., Olakanmi, D. E., Akingbola, A., & Anthony, C. S. (2025). Understanding Nigeria's 
antibiotic resistance crisis among neonates and its future implications. Deleted Journal, 22(1). 
doi: 10.1186/s12982-025-00422-y 

12. Abubakar, I., Dalglish, S. L., Angell, B., Sanuade, O., Abimbola, S., Adamu, A. L., Adetifa, I. M. O., 
Colbourn, T., Ogunlesi, A. O., Onwujekwe, O., Owoaje, E. T., Okeke, I. N., Adeyemo, A., Aliyu, G., 
Aliyu, M. H., Aliyu, S. H., Ameh, E. A., Archibong, B., Ezeh, A., & Zanna, F. H. (2022). The Lancet 
Nigeria Commission: investing in health and the nation's future. The Lancet, 399(10330), 1155–
1200. doi: 10.1016/s0140-6736(21)02488-0 

13. Nwobodo, D. C., Ugwu, M. C., Anie, C. O., Al‐Ouqaili, M. T. S., Ikem, J. C., Chigozie, U. V., & Saki, M. 
(2022). Antibiotic resistance: The challenges and emerging strategies for tackling a global 
menace. Journal of Clinical Laboratory Analysis, 36(9). doi: 10.1002/jcla.24655 

14. Ogunleye, O. O., Fadare, J. O., Yinka-Ogunleye, A. F., Paramadhas, B. D. A., & Godman, B. (2018). 
Determinants of antibiotic prescribing among doctors in a Nigerian urban tertiary hospital. 
Hospital Practice, 47(1), 53–58. doi: 10.1080/21548331.2018.1475997 

15. Sartelli, M., Barie, P. S., Coccolini, F., Abbas, M., Abbo, L. M., Abdukhalilova, G. K., Abraham, Y., 
Abubakar, S., Abu-Zidan, F. M., Adebisi, Y. A., Adamou, H., Afandiyeva, G., Agastra, E., Alfouzan, W. 
A., Al-Hasan, M. N., Ali, S., Ali, S. M., Allaw, F., Allwell-Brown, G., & Catena, F. (2023). Ten golden 
rules for optimal antibiotic use in hospital settings: the WARNING call to action. World Journal of 
Emergency Surgery, 18(1). doi: 10.1186/s13017-023-00518-3 

16. Lim, C., Ashley, E. A., Hamers, R. L., Turner, P., Kesteman, T., Akech, S., Corso, A., Mayxay, M., Okeke, I. 
N., Limmathurotsakul, D., & Van Doorn, H. R. (2021). Surveillance strategies using routine 
microbiology for antimicrobial resistance in low- and middle-income countries. Clinical 
Microbiology and Infection, 27(10), 1391–1399. doi: 10.1016/j.cmi.2021.05.037 

https://doi.org/10.3390/microorganisms12091920
https://www.ncbi.nlm.nih.gov/books/NBK9963/
https://doi.org/10.3390/antibiotics11060784
https://doi.org/10.3389/fmicb.2022.1066995
https://doi.org/10.1186/s13756-020-00739-0
https://doi.org/10.1080/14787210.2021.1941870
https://doi.org/10.1136/bmjgh-2023-012874
https://doi.org/10.1186/s12982-025-00422-y
https://doi.org/10.1016/s0140-6736(21)02488-0
https://doi.org/10.1002/jcla.24655
https://doi.org/10.1080/21548331.2018.1475997
https://doi.org/10.1186/s13017-023-00518-3
https://doi.org/10.1016/j.cmi.2021.05.037


Path of Science. 2025. Vol. 3. No 3  ISSN 2413-9009 

Section “Medicine”   1016 

17. Muteeb, G., Rehman, M. T., Shahwan, M., & Aatif, M. (2023). Origin of Antibiotics, antibiotic 
resistance, and their Impacts on Drug Development: A Narrative review. Pharmaceuticals, 16(11), 
1615. doi: 10.3390/ph16111615 

18. Tornimbene, B., Eremin, S., Abednego, R., Abualas, E. O., Boutiba, I., Egwuenu, A., Fuller, W., 
Gahimbare, L., Githii, S., Kasambara, W., Lukwesa-Musyani, C., Miamina, F. A., Mtapuri-Zinyowera, 
S., Najjuka, G., Perovic, O., Zayed, B., Ahmed, Y. A., Ismail, M. T., & Da Silva, C. L. P. (2022). Global 
Antimicrobial Resistance and Use Surveillance System in Africa: Early implementation 2017–
2019. African Journal of Laboratory Medicine, 11(1). doi: 10.4102/ajlm.v11i1.1594 

19. Willemsen, A., Reid, S., & Assefa, Y. (2022). A review of national action plans on antimicrobial 
resistance: strengths and weaknesses. Antimicrobial Resistance and Infection Control, 11(1). 
doi: 10.1186/s13756-022-01130-x 

20. Oleribe, O. E., Momoh, J., Uzochukwu, B. S., Mbofana, F., Adebiyi, A., Barbera, T., Williams, R., & 
Robinson, S. D. T. (2019). Identifying Key Challenges Facing Healthcare Systems In Africa And 
Potential Solutions. International Journal of General Medicine, 12, 395–403. 
doi: 10.2147/ijgm.s223882 

21. Kanan, M., Ramadan, M., Haif, H., Abdullah, B., Mubarak, J., Ahmad, W., Mari, S., Hassan, S., Eid, R., 
Hasan, M., Qahl, M., Assiri, A., Sultan, M., Alrumaih, F., & Alenzi, A. (2023). RETRACTED: 
Empowering Low- and Middle-Income Countries to combat AMR by minimal use of antibiotics: A 
Way forward. Antibiotics, 12(10), 1504. doi: 10.3390/antibiotics12101504 

22. Albahar, F., Abu-Farha, R. K., Alshogran, O. Y., Alhamad, H., Curtis, C. E., & Marriott, J. F. (2023). 
Healthcare Professionals' Perceptions, Barriers, and Facilitators Towards Adopting Computerised 
Clinical Decision Support Systems in Antimicrobial Stewardship in Jordanian Hospitals. 
Healthcare, 11(6), 836. doi: 10.3390/healthcare11060836 

23. Lawal, O. P., Ahmed, N. K., Ilesanmi, T. A., Anthony, G. I., Nwosu, S. N., Ogungbemiro, F. O., Olaide, Z., 
Adeniyi, M. M., Okoye, U. L., Olufunmilayo, A. M., Christopher, A. A., & Oseghale, I. D. (2024). The 
impact of antimicrobial resistance on cancer treatment: A systematic review of current evidence 
and future directions. Asian Journal of Research in Medical and Pharmaceutical Sciences, 13(4), 9–
27. doi: 10.9734/ajrimps/2024/v13i4270 

24. Salam, M. A., Al-Amin, M. Y., Salam, M. T., Pawar, J. S., Akhter, N., Rabaan, A. A., & Alqumber, M. a. A. 
(2023). Antimicrobial resistance: a growing serious threat for global public health. Healthcare, 
11(13), 1946. doi: 10.3390/healthcare11131946 

25. Robillard, D. W., Sundermann, A. J., Raux, B. R., & Prinzi, A. M. (2024). Navigating the network: a 
narrative overview of AMR surveillance and data flow in the United States. Antimicrobial 
Stewardship & Healthcare Epidemiology, 4(1). doi: 10.1017/ash.2024.64 

26. Rezel-Potts, E., & Gulliford, M. (2022). Electronic Health Records and Antimicrobial Stewardship 
Research: a Narrative Review. Current Epidemiology Reports, 10(3), 132–141. 
doi: 10.1007/s40471-021-00278-1 

27. Walia, K., Madhumathi, J., Veeraraghavan, B., Chakrabarti, A., Kapil, A., Ray, P., Singh, H., Sistla, S., & 
Ohri, V. C. (2019). Establishing antimicrobial resistance surveillance & Research network in India: 
Journey so far. The Indian Journal of Medical Research, 149(2), 164. doi: 10.4103/ijmr.ijmr_226_18 

28. Chuchu, V. M., Njung’e, J., Muasa, B., Gathira, M., Olela, G., Bubi, K. S., Ashaba, J., Githii, S., Ndanyi, R., 
Tanui, E., Irungu, J. I., Azegele, A., Kadam, R., & Ferreyra, C. (2024). Progress was made in 
digitalising antimicrobial resistance surveillance using a One Health approach in Kenya. Frontiers 
in Public Health, 12. doi: 10.3389/fpubh.2024.1411962 

29. Sumpradit, N., Wongkongkathep, S., Malathum, K., Janejai, N., Paveenkittiporn, W., Yingyong, T., 
Chuxnum, T., Vijitleela, A., Boonyarit, P., Akaleephan, C., Manosuthi, W., Thienthong, V., Srinha, J., 
Wongsrichai, S., Laoprasert, T., Athipunyakom, P., Kriengchaiyaprug, N., Intarukdach, K., 
Numsawad, S., & Kiatying-Angsulee, N. (2021). Thailand's national strategic plan on antimicrobial 

https://doi.org/10.3390/ph16111615
https://doi.org/10.4102/ajlm.v11i1.1594
https://doi.org/10.1186/s13756-022-01130-x
https://doi.org/10.2147/ijgm.s223882
https://doi.org/10.3390/antibiotics12101504
https://doi.org/10.3390/healthcare11060836
https://doi.org/10.9734/ajrimps/2024/v13i4270
https://doi.org/10.3390/healthcare11131946
https://doi.org/10.1017/ash.2024.64
https://doi.org/10.1007/s40471-021-00278-1
https://doi.org/10.4103/ijmr.ijmr_226_18
https://doi.org/10.3389/fpubh.2024.1411962


Path of Science. 2025. Vol. 3. No 3  ISSN 2413-9009 

Section “Medicine”   1017 

resistance: progress and challenges. Bulletin of the World Health Organisation, 99(09), 661–673. 
doi: 10.2471/blt.20.280644 

30. Chika, E. U., BPharm, D. U. P., BPharm, A. K., BPharm, G. E., BPharm, N. T. O., Chidozie, C., & 
Madubugwu, R. (2024). Digital Healthcare Tools in Nigeria: Strengthening Public Health and 
Pandemic Preparedness - Insights from the COVID-19 Crisis. Telehealth and Medicine Today, 9(1). 
doi: 10.30953/thmt.v9.445 

31. Otaigbe, I. I. (2023). Achieving universal health coverage in low- and middle-income countries 
through digital antimicrobial stewardship. Frontiers in Digital Health, 5. 
doi: 10.3389/fdgth.2023.1298861 

32. Rezel-Potts, E., & Gulliford, M. (2022b). Electronic Health Records and Antimicrobial Stewardship 
Research: a Narrative Review. Current Epidemiology Reports, 10(3), 132–141. 
doi: 10.1007/s40471-021-00278-1 

33. Kamere, N., Garwe, S. T., Akinwotu, O. O., Tuck, C., Krockow, E. M., Yadav, S., Olawale, A. G., Diyaolu, A. 
H., Munkombwe, D., Muringu, E., Muro, E. P., Kaminyoghe, F., Ayotunde, H. T., Omoniyei, L., Lawal, 
M. O., Barlatt, S. H. A., Makole, T. J., Nambatya, W., Esseku, Y., & Ashiru-Oredope, D. (2022). A 
scoping review of national antimicrobial stewardship activities in eight African countries and 
adaptable recommendations. Antibiotics, 11(9), 1149. doi: 10.3390/antibiotics11091149 

34. Ayomide, I. T., Promise, L. O., Christopher, A. A., Okikiola, P. P., Esther, A. D., Favour, A. C., Agbo, O. S., 
Sandra, O., Chiagozie, O. J., Precious, A. C., & Ugonna, U. K. (2024). The impact of antimicrobial 
resistance on Co-INFECTIONS: Management strategies for HIV, TB and malaria. International 
Journal of Pathogen Research, 13(6), 117–128. doi: 10.9734/ijpr/2024/v13i6326 

35. Prach, L. M., Treleaven, E., Isiguzo, C., & Liu, J. (2015). Care-seeking at patent and proprietary 
medicine vendors in Nigeria. BMC Health Services Research, 15(1). doi: 10.1186/s12913-015-
0895-z 

36. Palmer, G. H., & Buckley, G. J. (2021). Combating antimicrobial resistance and protecting the miracle 
of modern medicine. In National Academies Press eBooks.  

37. Alhassan, J. A. K., & Abdallah, C. K. (2024). Health system interventions and responses to 
antimicrobial resistance: A scoping review of evidence from 15 African countries. PLOS Global 
Public Health, 4(9), e0003688. doi: 10.1371/journal.pgph.0003688 

38. Mensah, N. K., Adzakpah, G., Kissi, J., Taylor-Abdulai, H., Johnson, S. B., Agbeshie, P. A., Opoku, C., 
Abakah, J., Osei, E., Agyekum, A. Y., & Boadu, R. O. (2024). Health Professionals' ethical, security, 
and patient safety concerns using Digital Health Technologies: A Mixed Method Research study. 
Health Services Insights, 17. doi: 10.1177/11786329241303379 

39. Ilesanmi, O. S., & Afolabi, A. A. (2022). Sustainability of Donor-Funded Health-Related Programs 
Beyond the Funding Lifecycle in Africa: A Systematic review. Cureus. doi: 10.7759/cureus.24643 

40. Ye, L., & Yang, H. (2020). From Digital Divide to Social Inclusion: A Tale of Mobile Platform 
Empowerment in Rural Areas. Sustainability, 12(6), 2424. doi: 10.3390/su12062424 

 

https://doi.org/10.2471/blt.20.280644
https://doi.org/10.30953/thmt.v9.445
https://doi.org/10.3389/fdgth.2023.1298861
https://doi.org/10.1007/s40471-021-00278-1
https://doi.org/10.3390/antibiotics11091149
https://doi.org/10.9734/ijpr/2024/v13i6326
https://doi.org/10.1186/s12913-015-0895-z
https://doi.org/10.1186/s12913-015-0895-z
https://www.ncbi.nlm.nih.gov/books/n/nap26350/
https://www.ncbi.nlm.nih.gov/books/n/nap26350/
https://doi.org/10.1371/journal.pgph.0003688
https://doi.org/10.1177/11786329241303379
https://doi.org/10.7759/cureus.24643
https://doi.org/10.3390/su12062424

