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ABSTRACT

Antimicrobial resistance (AMR) remains a global public health threat, especially in resource-limited countries. AMR contributors and
exacerbators vary greatly depending on the country’s resources, development, and containment strategies. To properly address the AMR
menace, it is important to understand the current local drivers and provide country-tailored solutions. The main drivers of AMR such as
inadequate water sanitation and hygiene, antimicrobial misuse, and overuse in both humans and animals in resource-limited countries are
not adequately managed to reduce the emergence and spread of AMR in community and hospital settings. Tackling AMR will require a mul-
tisectoral One Health approach with the contribution of stakeholders, policymakers, health professionals, and the community. If AMR is not
adequately handled in resource-limited countries, it will always find its way to spread globally as it has no respect for local, regional, and
intercontinental boundaries. The objective of this review is set to highlight the major challenges faced in tackling AMR in resource-limited
settings with Cameroon as a case study and proposed possible control measures.
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Introduction

Antimicrobial resistance (AMR) has grown to be a worldwide threat with tremendous health and socioeconomic implications

(R. C. Founou, Founou, & Essack, 2017). According to a recent systematic review, in 2019, antibiotic-resistant infections claimed close
to 5 million lives and 1.27 million deaths were directly attributable to bacterial AMR (Murray et al., 2022). It has been predicted that if
no prompt actions are taken, AMR will emerge as the leading cause of mortality by 2050, claiming 10 million lives yearly and costing
SUS100 trillion to the global economy (O'Neill, 2016).

AMR is present across the globe, but its burden is disproportionately higher in developing countries (R. C. Founou et al., 2017).
The highest mortality rates caused by bacterial AMR in 2019 were recorded in South Asia and sub-Saharan Africa (SSA) which are two
sub-regions comprised mainly of developing countries (Murray et al., 2022). AMR is evolving at a fast pace, with the most communi-
cated accelerators being the overuse and misuse of antimicrobials in both animals and humans and a dry antimicrobial development

pipeline (O'Neill, 2016). Cameroon is not escaping this upward trend in AMR. A study conducted at a national reference laboratory
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analysing over 10000 bacteria isolates collected in 2010 and 2017 found that almost all bacteria groups acquired resistance. Alarmingly,
significant increases in acquired resistance were found in critical bacteria listed by the WHO for the development of new antibiotics
(WHO, 2017b) including but not limited to carbapenem-resistant Acinetobacter (+248%), carbapenem-resistant Pseudomonas (+74%),
3" generation-resistant Enterobacterales (+66%) and methicillin-resistant Staphylococcus aureus (+69%) (Massongo et al., 2021). To
properly address the AMR menace, it is important to understand local drivers and provide country-tailored solutions. Curbing the
growing threat caused by AMR, requires a holistic and multi-sectorial approach with the implication of health professionals, stakehold-
ers, and the community (Pokharel, Raut, & Adhikari, 2019). Below are presented major challenges faced in containing AMR in resource-
limited countries with Cameroon as a case study and proposed possible way-out solutions.

Study context

Cameroon is one of the low- and middle-income countries with a population of over 27,2 million and situated in the Central
African region where it is limited by the Central African Republic, Chad, Equatorial Guinea, Gabon, and Nigeria (World Bank 2023).
Cameroon has a pyramidal health system organised into three levels with each level characterised by administrative and health-care
structures (World Health Organization 2017). Only 3.6% of the national GDP is dedicated to the health sector in 2023 (MINFI, 2023).
Most of the peripheral health facilities don’t have enough operational laboratories, which leads to frequent stock-out reagents and the
unavailability of competent laboratory technicians (World Bank 2019).

Challenges faced in tackling AMR and what can be done
1. Inadequate access to water sanitation and hygiene (WASH)

Inappropriate WASH is known to be a significant risk factor for infections especially diarrheal diseases worldwide. This concerns
particularly resource-limited settings where there is a higher burden of infectious diseases, resulting in higher use of antimicrobials for
treatment and thus the rapid emergence and spread of AMR (Pokharel et al., 2019). In Cameroon, the rate of access to drinking water
is 66% and sanitation 45% and it is currently argued that it is unlikely for Cameroon to reach universal access to WASH in rural settings
by 2030 (Victor Dang et al., 2022). It'is currently estimated that, 60% of all diarrheal diseases treated using antimicrobials can be
prevented by providing universal access to water and sanitation (Pokharel et al., 2019).

Because prevention is better than cure, it is judicious that the Cameroon government invests more to provide adequate WASH
and community-based programmes to the population thereby reducing the occurrence of infectious diseases and the eventual use of
antimicrobials which triggers the emergence and spread of AMR.

2. Sub-optimal infection prevention and control strategies

Infection prevention and control (IPC) in hospital settings is a cornerstone in combatting AMR as it prevents the acquisition and
spread of hospital-acquired resistant infections (HAIls). Sub-optimal hospital hygiene is more evident in resource-limited settings re-
sulting in a higher burden of HAIs (Ayobami, Brinkwirth, Eckmanns, & Markwart, 2022). In Cameroon, a study conducted in two referral
hospitals of Yaoundé in 2015 found that 99% (141/143) of hospital surface samples, 92% (33/36) of air samples from operation rooms,
and 75% (12/16) of water samples were positive for bacteria (Gonsu et al., 2015). These results strongly underscore the role of the
hospital environment as an important reservoir and source of bacteria (whether resistant or not) causing HAls.

These results serve as a clarion call for Cameroon policymakers to develop and implement national guidelines for the microbi-
ological monitoring of hospital environment surfaces to prevent the spread of antimicrobial-resistant microorganisms in the hospital
milieu. Also, it will be a life-saving action to observe IPC measures as it has been estimated that, the washing of hands alone by

healthcare workers in hospital settings could reduce antimicrobial use and infectious diseases by 40% (Erasmus et al., 2010).
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3. Misuse and overuse of antimicrobials by humans

Antimicrobial misuse and overuse by humans are significant exacerbators of AMR as it triggers a selective pressure on microbes
(Denyer Willis & Chandler, 2019). Antimicrobial misuse is often driven by inadequate knowledge of antimicrobial use, poverty, and
availability of these drugs over-the-counter (OTC) among others (Pokharel et al., 2019). For instance, a recent study on 402 Came-
roonians purchasing antibiotics at private pharmacies found that nearly half (47%) bought these antibiotics without a medical prescrip-
tion and 90% reported that antibiotics can kill all microbes (Elong Ekambi et al., 2019). More worrisome is that, unregulated drug
dispensaries are rampant in Cameroon and they are often a source for OTC purchase of antimicrobials by community members, yet
their contribution to AMR remains unassessed.

It is more than urgent to develop and implement appropriate guidelines for the use of antimicrobials in Cameroon and also
provide high-quality training to healthcare professionals and raise community members on AMR and the appropriate use of antimicro-
bials.

4. Increasing antimicrobial use in animals

Antimicrobial use in food animals for growth promotion, therapeutic, prophylactic, and metaphylactic purposes is on the rise
globally. It has been forecasted that there will be a 67% rise in antimicrobial consumption in livestock between 2010 and 2030 (Van
Boeckel et al., 2015). More worrisome is that 73% of the sales of all medically important antimicrobials are for use in food animal
production (Van Boeckel et al., 2019). Cameroon is not escaping this global trend as a study reported that between 2014 and 2019,
217.67 tons of antimicrobials were imported for veterinary use in. Cameroon and there has been a 104% increase in the importation
between 2014 and 2019 with 34% of these antimicrobials being of critical importance to human medicine according to the WHO AwaRe
categorization (Mouiche et al., 2020).

The use of antibiotics in food animals is known to trigger a selective pressure on the bacteria colonizing or infecting the animal
and thus promote the selection of resistant bacteria which can then be spread to humans either through direct contact with the animal
or animal secretions or indirectly via shared environmental surfaces (L. L. Founou, Founou, & Essack, 2021).

AMR has been termed a quintessential One Health issue (Robinson et al., 2016) as it cannot be addressed properly if the com-
ponents (human, animal, and the environment) of the one health triad are not taken into account as antimicrobial-resistant microor-
ganisms and genes can always emerge from one of the interfaces and spread to the others (L. L. Founou et al., 2021). It is therefore
capital to observe antimicrobial stewardship in the three sectors to curb the growing threat of AMR.

5. Lack of political will

Weak governance is a commonplace in resource-limited settings and this often leads to weakened healthcare policies, lack of
infrastructures, inadequate IPC and WASH, corruption, socio-economic instability, poverty, and non-optimal investment in the
healthcare sector (Pokharel et al., 2019). In such settings, high rates of infectious diseases prevail, leading to a refuge towards antimi-
crobials which serves as a “quick-fix”, resulting in high antimicrobial use and eventually the escalation of AMR (Denyer Willis & Chandler,
2019). Cameroon for example is undermined by political instability in its North West and South West regions (so called Anglophone
crisis) since 2016, terrorist attacks in the Far North region, poverty (with over 40% of the population living under the poverty limit),
corruption and slow economic growth (Worldbank, 2023). In Cameroon, only 3.6% of the country’s gross domestic product has been
allocated for public health according to the law of finance of 2023 (MINFI, 2023).

There is allegedly weak commitment with regard to AMR in Cameroon. Since the adoption of the National Action Plan in May
2018 for implementation by 2020, almost no effort and progress has been made and since 2018, no budget has been allocated for that
(Amin et al., 2021). Omitting strong political commitment, the implementation of the Cameroon NAP and the de-escalation of AMR
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will remain unrealistic.
6. Inadequate diagnostic and empirical regimens

While antimicrobials remain readily accessible OTC in resource-limited settings, peripheral hospital laboratories lack appropriate
facilities and skilled personnel to rapidly detect infections and perform antimicrobial susceptibility testing (AST) (Pokharel et al., 2019).
An external evaluation in September 2017 by the World Health Organisation (WHQO) in Cameroon revealed for instance that, only four
research laboratories, one animal health laboratory, and 13 public health laboratories were adequately equipped to detect and report
cases of antimicrobial resistance (WHO, 2017a). In the absence of adequate diagnostic and AST results, healthcare professionals rely
on empirical antimicrobial regimens which are not often adapted to the local AMR epidemiology as they are often burrowed from the
Western world (Okeke et al., 2005).

It is now more than a necessity for developing countries to leverage their diagnostic capacity with regards to AMR and to fill
data gaps regarding AMR epidemiology in their local population in order to set up country-tailored treatment guidelines. Also, com-
puterized nationwide real-time monitoring platforms for infectious diseases and AMR is needed for robust AMR surveillance and to
inform on long-term trends in resistance.

7. Inadequate wastewater treatment and disposal

The environment seems to be the neglected component of the one health triad whereas its contribution to the emergence and
spread of AMR is enormous but yet insufficiently assessed (Essack, 2018). Both municipal and hospital wastewater are known to be
important reservoirs of antibiotic-resistant bacteria and genes (Tiwari et al., 2022). In developing countries, there is a lack of stringent
policies regulating the pre-treatment of hospital wastewater before disposal, as such, wastewater is often eliminated without prior
treatment resulting in the elimination of resistant bacteria and genes in the community. In community settings, municipal wastewater
treatment plants (where they exist) often function at sub-optimal capacities, resulting in ARB and ARGs from influent passing to effluent
water and subsequently disposed to adjacent water bodies (Abia, Baloyi, Traore, & Potgieter, 2023). In Cameroon, the recent analysis
of raw sewage used for urban agriculture using state-of-the-art metagenomics has recently revealed that the environmental resistome
is highly diverse and dense (Bougnom, McNally, Etoa, & Piddock, 2019). The wastewater resistome is a significant contributor to AMR
emergence and dissemination and as such, adequate treatment and disposal coupled with wastewater AMR surveillance are a requisite

for the containment of AMR.

Conclusion

In the next foreseeable future, AMR will remain a global public health concern, especially in resource-limited settings if no
urgent actions are taken. As related in this review, basic necessities such as adequate WASH and IPCs are overlooked contributors to
AMR in Cameroon, just as in other resource-limited countries. Tackling AMR will require a multisectoral One Health approach with the
contribution of stakeholders, policymakers, health professionals, and the community. If AMR is not adequately handled in resource-
limited countries, it will always find its way to spread globally following, humans, animals, food, and water movement as AMR has no

respect for local, regional, and intercontinental boundaries.
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