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Abstract
Antimicrobial resistance (AMR) has become a critical worldwide health crisis. It poses major challenges for healthcare sys-
tems across the globe, demanding immediate attention and action. Low and middle-income countries (LMICs), in particular, 
encounter unique obstacles in addressing AMR due to various factors. This article aims to examine specific challenges and 
propose effective strategies to combat this issue. Through a comprehensive review of existing literature, this article identifies 
common barriers and successful interventions in tackling AMR. The research highlights several challenges faced by LMICs 
in addressing AMR, including limited access to quality healthcare services, socioeconomic disparities, limited awareness, 
inadequate surveillance systems and data collection, limited regulatory frameworks and quality control, as well as weak 
healthcare infrastructure and infection prevention practices. The research suggests strategies like improving healthcare access, 
promoting responsible antimicrobial use, enhancing surveillance, ensuring quality antimicrobial drugs, and fostering global 
collaboration to address these challenges. By understanding the challenges encountered by LMICs, it is possible to mitigate 
the impact of AMR and contribute to global efforts in combating this growing threat.
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Introduction

Antimicrobial resistance (AMR) has presented itself an 
urgent global health crisis (Max et al. 2023) that jeopard-
izes the effectiveness of antimicrobial drugs and presents 

significant hurdles to achieve desired patient outcome by 
the healthcare service delivery systems worldwide (Rehman 
2023). Low and middle-income countries (LMICs) face 
additional barriers to combating AMR due to limited 
resources, inadequate healthcare infrastructure, and a high 
incidence of infectious diseases (Ikhimiukor et al. 2022). It 
is critical to understand these challenges and develop effec-
tive strategies to mitigate the impact of this growing public 
health threat. In LMICs, higher incidences of infectious dis-
eases are commonly observed due to factors like inadequate 
sanitation, limited access to clean water, overcrowding, and 
insufficient healthcare resources (Sulis et al. 2022). As a 
result, the use of antimicrobial drugs, such as antivirals, anti-
biotics, and antifungals, is widespread (Owoicho et al. 2021; 
Clement et al. 2020). Inappropriate prescription practices, 
easy availability of antimicrobials without proper regulation, 
and limited healthcare accessibility all contribute to the rise 
and spread of drug-resistant pathogens (Sharma et al. 2022).

Furthermore, various factors also considerably influence 
the use of antibiotics in LMICs, including poverty, limited 
education, and a lack of awareness regarding appropriate 
antimicrobial usage (Charani et al. 2023). These factors 
lead to self-medication, incomplete treatment courses, and 
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substandard drug quality, contributing to selective pressure 
that drives the evolution of antimicrobial resistance (Kakkar 
et al. 2020). Furthermore, LMICs have challenges associ-
ated with healthcare infrastructure, such as restricted labo-
ratory capacities, inadequate and fragmented surveillance 
systems, and an insufficient healthcare workforce (Iskandar 
et al. 2021; Asghar et al. 2020). However, the need for more 
reliable data concerning resistance patterns and trends hin-
ders evidence-based decision-making and targeted interven-
tions to effectively combat AMR. Strengthening healthcare 
systems, enhancing laboratory and surveillance capacities, 
and improving healthcare delivery are vital components in 
addressing AMR within these contexts.

This research describes the AMR in LMICs, considered 
their unique challenges, and identified effective strategies 
to combat this. Understanding the challenges LMICs face 
in tackling AMR is crucial for several reasons. Firstly, 
these countries are highly vulnerable to the effects of AMR 
and carry a disproportionate share of the global burden of 
infectious illnesses (Pulingam et al. 2022). Moreover, in 
LMICs, drug-resistant diseases can upset public health, 
leading to increased rates of mortality and morbidity and 
steep increases in healthcare expenses (Kapoor et al. 2023). 
Secondly, LMICs often need more resources and infrastruc-
ture to implement comprehensive AMR control programs 
(Hein et al. 2022). Therefore, policymakers and healthcare 
stakeholders would need to devise targeted interventions 
that are contextually appropriate and resource-sensitive by 
identifying challenges specific to these contexts. Further-
more, studying about the successful AMR control initiatives 
in LMICs can offer valuable lessons for other regions fac-
ing similar challenges. This would aid in identifying best 
practices, highlighting areas for improvement, and guiding 
the development of sustainable and practical strategies to 
combat AMR.

Challenges in addressing antimicrobial 
resistance in low and middle‑income 
countries

Limited access to quality healthcare services

LMICs often face challenges in providing accessible and 
quality healthcare services to their populations. Inadequate 
healthcare infrastructure, including a shortage of health-
care facilities and a lack of essential medical equipment, 
restricts the timely and accurate diagnosis of infectious 
diseases (Chitungo et al. 2022). Without proper diagnostic 
tools and technologies, healthcare providers may face chal-
lenges in identifying the specific pathogens causing infec-
tions and determining the most effective treatment options. 
In addition, medical personnel such as physicians, nurses, 

and laboratory technicians are generally in short supply in 
LMICs (Dhingra et al. 2020). The limited healthcare work-
force further compounds the difficulties in delivering quality 
care to a large population. Overworked healthcare providers 
may not have sufficient time to devote to each patient, result-
ing in rushed consultations and potentially inappropriate pre-
scriptions of antimicrobial drugs (Ahmad and Khan 2019). 
This can contribute to the overuse, underuse, and misuse 
of these medications, fueling the emergence and spread of 
drug-resistant pathogens. In addition to infrastructure and 
workforce challenges, LMICs also face financial corrup-
tion and incompetence, making it difficult to invest in the 
necessary healthcare resources and technologies (Pokharel 
et al. 2019). Limited funding may restrict the availability and 
accessibility of essential diagnostic tools, such as microbiol-
ogy laboratories and rapid diagnostic tests, which are crucial 
for the accurate and timely identification of drug-resistant 
infections (Ting et al. 2021).

Socioeconomic disparities and limited awareness

LMICs often face challenges in establishing robust sur-
veillance systems for monitoring antimicrobial resistance. 
Poverty and limited education levels often result in a lack 
of understanding about the appropriate use of antimicrobi-
als and the consequences of AMR (Sulis et al. 2022). As a 
result, individuals may resort to self-medication, obtaining 
antibiotics without a prescription, or not completing the full 
course of treatment, leading to inadequate dosing, and pro-
moting the development of resistance.

In LMICs, the availability of substandard or counterfeit 
drugs is another concern. Due to limited access to regulated 
pharmacies and regulatory oversight, individuals may pur-
chase medications from informal sources where the quality 
and authenticity of the drugs cannot be guaranteed (Sakeena 
et al. 2019; Samreen et al. 2021). Substandard or counterfeit 
drugs may contain suboptimal doses of active ingredients, 
leading to ineffective treatment and promoting drug resist-
ance (Orubu et al. 2020).

Inadequate surveillance systems and data collection

LMICs encounter significant obstacles in establishing effec-
tive surveillance systems to monitor antimicrobial resistance 
(AMR). Limited laboratory capacities, inadequate data col-
lection mechanisms, and a lack of standardized protocols 
contribute to the challenge of collecting and analyzing reli-
able data on resistance patterns and trends (Gandra et al. 
2020). One of the primary challenges is the limited avail-
ability of well-equipped laboratories capable of conducting 
comprehensive AMR testing. LMICs often lack the neces-
sary skilled personnel to perform accurate and timely antimi-
crobial susceptibility testing (Hoque et al. 2020). This results 
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in a scarcity of data regarding the prevalence and resistance 
profiles of various pathogens circulating within the popula-
tion. Insufficient data collection mechanisms further hinder 
efforts to track and monitor AMR. In many cases, there is a 
lack of standardized reporting systems, making it difficult to 
capture and consolidate data from various healthcare facili-
ties and regions (Murray et al. 2022). Inconsistent data col-
lection practices and inadequate integration of data across 
human, animal, and environmental health sectors limit the 
understanding of the complex dynamics of AMR transmis-
sion (Ukuhor 2021). The absence of standardized protocols 
for data collection, analysis, and reporting is another signifi-
cant challenge. Without standardized procedures, comparing 
data across different regions or over time becomes challeng-
ing, hampering the ability to identify emerging trends and 
implement targeted interventions effectively.

Limited regulatory frameworks and quality control

It may be difficult for LMICs to establish comprehensive 
regulatory frameworks for manufacturing, distributing, and 
retailing antimicrobial medications. LMICs may face con-
straints in establishing regulatory agencies with the capacity 
to enforce stringent standards for the production, importa-
tion, and distribution of antimicrobials (Iwu et al. 2020). 
Therefore, low-quality medications not only fail to effec-
tively treat infections but also contribute to the development 
of resistance. In some cases, the improper use of substandard 
antimicrobials can even worsen patients’ health conditions 
or result in adverse effects.

Weak healthcare infrastructure and infection 
prevention practices

Inadequate supportive healthcare infrastructure is a com-
mon problem in LMICs (Fig. 1) (Lucien et al. 2021). Poor 
sanitation practices, including inadequate sewage systems 
and waste management, contribute to the dissemination of 
infectious agents in the community and healthcare settings. 
Healthcare-associated infections are more likely to occur 
when water supplies are contaminated, medical waste is 
not adequately disposed of, and no hygiene measures are 
in place (Elton et al. 2020). In addition, antimicrobial drug 
treatment is frequently necessary for these infections, which 
increases the risk of drug resistance.

Moreover, overcrowded healthcare facilities can impede 
effective infection control practices. Insufficient space, lim-
ited isolation facilities, and a high patient-to-staff ratio make 
it challenging to implement adequate measures to prevent 
the transmission of resistant pathogens (Wall 2019). In 
resource-constrained settings, healthcare providers may face 
difficulties in adhering to hand hygiene protocols, maintain-
ing cleanliness, and implementing appropriate sterilization 

and disinfection practices. Limited resources further hin-
der infection prevention and control efforts (Maillard et al. 
2020). LMICs may struggle to allocate funds for necessary 
infrastructure upgrades, training programs, and the procure-
ment of essential supplies, such as personal protective equip-
ment. Insufficient training and awareness among healthcare 
professionals about infection prevention practices can also 
contribute to the spread of resistant infections.

Strategies to address antimicrobial 
resistance in LMICs

Strengthening healthcare systems

When fighting antimicrobial resistance (AMR), strengthen-
ing healthcare systems in LMICs is essential. To begin, the 
standard and availability of medical care must be enhanced 
through financial investments in healthcare infrastructure. 
Upgrading healthcare facilities, expanding medical equip-
ment and diagnostic capabilities, and ensuring a reliable 
supply of medicines are essential (Anderson et al. 2019). 
Additionally, healthcare workforce training plays a sig-
nificant role in addressing AMR. Healthcare professionals 
must be equipped with the knowledge and skills to diagnose 
infections accurately, prescribe antibiotics judiciously, and 
effectively implement infection prevention and control meas-
ures (Land et al. 2018). Continuous education and train-
ing programs can enhance their capacity and awareness of 
AMR-related issues.

Fig. 1   Challenges and strategies concerning antimicrobial resistance
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Equitable access to quality healthcare services is another 
critical aspect. Healthcare inequalities must be reduced, and 
universal access to primary medical care should be guar-
anteed in all areas of the world, including LMICs (Bloom 
and Cadarette 2019). This may involve improving healthcare 
infrastructure in underserved areas, implementing telemedi-
cine initiatives, and developing strategies to make essen-
tial medicines affordable and accessible. By strengthening 
healthcare systems, LMICs can enhance their ability to pre-
vent and control AMR effectively. This will contribute to 
better health outcomes and support global efforts to combat 
the rising threat of antimicrobial resistance.

Promoting antimicrobial stewardship

Implementing comprehensive antimicrobial stewardship pro-
grams can significantly contribute to the responsible use of 
antimicrobials and mitigate the development of resistance. 
A critical aspect of antimicrobial stewardship is promoting 
appropriate prescribing practices. Healthcare professionals 
must be educated about evidence-based treatment guidelines 
and encouraged to prescribe antibiotics only when neces-
sary (Majumder et al. 2020). This includes proper diagno-
sis, selecting the right antibiotic, using the correct dosage 
and duration, and regularly reassessing the need for contin-
ued therapy. In addition, training programs and awareness 
campaigns can raise awareness about the risks of AMR, 
the consequences of inappropriate antibiotic use, and the 
importance of completing full treatment courses. Educating 
healthcare professionals about alternative treatment options, 
such as non-antibiotic therapies, can also help reduce unnec-
essary antibiotic prescriptions.

Establishing guidelines and protocols for treatment and 
prescription practices is another essential component of 
antimicrobial stewardship. LMICs should work towards 
implementing national or local guidelines that provide clear 
recommendations on antimicrobial use, including specific 
indications, dosages, and treatment durations (Kpokiri et al. 
2020). These guidelines can be a reference for healthcare 
professionals and promote standardized, evidence-based 
practices. Public awareness campaigns play a vital role in 
promoting responsible antimicrobial use. By educating com-
munities about AMR, the importance of proper hygiene 
practices, and the consequences of self-medication, these 
campaigns can empower individuals to make informed deci-
sions about their health and reduce the demand for unneces-
sary antibiotics.

Enhancing surveillance and data collection

LMICs should focus on strengthening their surveillance sys-
tems for AMR (Fig. 1). Strengthening surveillance systems 
allows for the timely detection and monitoring of resistance 

patterns, enabling effective response strategies. Investing in 
laboratory capacities is crucial for accurate and reliable data 
collection. LMICs should prioritize improving laboratory 
infrastructure, including equipment, personnel training, and 
quality assurance systems (Hendriksen et al. 2019). Well-
equipped laboratories enable identifying and character-
izing resistant pathogens, providing essential information 
for targeted interventions. Standardized data collection, 
analysis, and reporting protocols are necessary to ensure 
consistency and comparability of surveillance data. LMICs 
should establish guidelines outlining methods for collecting 
and analyzing antimicrobial resistance data. This standardi-
zation allows for effective comparisons within the country 
and across different regions, facilitating the identification of 
emerging resistance trends (Stewardson et al. 2019).

Integration of surveillance efforts across human, animal, 
and environmental health sectors is also essential. Like many 
other diseases, AMR can be spread between people, animals, 
and the environment. LMICs should strive for a One Health 
approach, fostering collaboration and data sharing among 
sectors (Frost et al. 2019). This integrated approach enables 
a comprehensive understanding of the drivers of AMR and 
supports the development of holistic interventions. Timely 
and accurate data are critical for evidence-based decision-
making. Surveillance data provide crucial information for 
policymakers, healthcare providers, and researchers to 
assess the magnitude of the AMR problem, identify high-
risk areas, and design targeted interventions (Fadare et al. 
2019). Strengthening surveillance systems empowers coun-
tries to take proactive measures to combat AMR effectively.

Improving access to quality‑assured antimicrobial 
drugs

In the fight against AMR, people in LMICs must have access 
to antimicrobial medications that are both inexpensive and 
of high enough quality to prevent unnecessary suffering. 
However, LMICs must first establish effective regulatory 
frameworks to regulate antimicrobial drug production, 
distribution, and sale. Strengthening regulatory agencies 
and implementing stringent standards can help prevent the 
availability of substandard or counterfeit medications in the 
market (Kamere et al. 2022). In addition, quality control 
measures play a crucial role in maintaining the efficacy of 
antimicrobial drugs. Therefore, LMICs should prioritize 
establishing quality control systems to ensure all medica-
tions meet the necessary standards. This includes rigorous 
testing of active ingredients, adherence to proper manu-
facturing processes, and regular inspections of production 
facilities. By improving quality control mechanisms, LMICs 
can enhance the availability of effective antimicrobial drugs 
and reduce the risk of promoting drug resistance through 
substandard or counterfeit medications (Charani et al. 2023).
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Collaboration with international organizations and 
manufacturers is vital in improving drug affordability and 
availability. LMICs can work closely with pharmaceuti-
cal companies and international bodies to negotiate fair 
pricing agreements and access affordable generic versions 
of essential antimicrobial drugs. Joint efforts can also be 
made to improve the supply chain and distribution net-
works, ensuring a steady and reliable availability of qual-
ity-assured drugs in remote and underserved areas (Iriti 
et al. 2020). Furthermore, capacity-building initiatives 
can be established to enhance local manufacturing capa-
bilities and promote the production of high-quality antimi-
crobial drugs within LMICs. By investing in research and 
development, knowledge transfer, and technology transfer, 
LMICs can reduce their reliance on imported medications 
and build self-sufficiency in meeting their healthcare needs 
(Kakooza et al. 2023).

Fostering international collaboration and support

Addressing AMR challenges requires the collective 
efforts of international organizations, governments, and 
stakeholders to provide the necessary resources and 
expertise. Financial assistance is essential for LMICs 
to strengthen their healthcare systems, invest in labora-
tory infrastructure, and implement comprehensive AMR 
programs (Blaskovich 2020). International organizations 
and donor countries should allocate resources specifically 
for AMR-related initiatives in LMICs, enabling them to 
enhance their capacities and implement effective strate-
gies. Technical expertise and capacity-building initiatives 
are also critical.

Moreover, LMICs can benefit from partnerships with 
more advanced healthcare systems and international organi-
zations that can provide training, mentorship, and guidance 
on best practices in AMR prevention and control (Khalifa 
et al. 2019). These initiatives can empower LMICs’ health-
care professionals, researchers, and policymakers to develop 
and implement evidence-based interventions. By learning 
from each other’s experiences, LMICs can avoid duplicat-
ing efforts, optimize resources, and accelerate progress in 
addressing AMR (Krockow and Tarrant 2019).

Conclusion

This research emphasizes the critical need to recognize and 
address the unique obstacles LMICs face in the fight against 
antimicrobial resistance (AMR). LMICs can effectively 
address AMR and safeguard public health by strengthening 
the identified strategies and minimizing contributing factors. 
Moreover, policymakers, healthcare providers, researchers, 

and international organizations must prioritize and allocate 
resources toward sustainable interventions. By doing so, it 
is achievable to collectively mitigate the impact of AMR, 
protect vulnerable populations, and ensure the long-term 
effectiveness of antimicrobial drugs.
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