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ABSTRACT

Introduction:
The Republic of Guinea has a multisectoral action plan for the surveillance and control of antimicrobial resistance (AMR). The objective of this study was to describe the current aspects of this surveillance.
Materials and Methods:
Data were collected from AMR sentinel surveillance sites for the first semester of 2024. The national surveillance network is based on a system of 13 laboratories. Bacterial identification and antibiotic susceptibility testing were performed using both conventional methods and the automated VITEK® 2 Compact system.
Results:
During the study period, out of 8,355 samples analyzed, 2,832 bacterial strains were Gram-identified. A total of 1,197 antibiograms were performed. These samples mainly originated from the regional hospital laboratories of N’zérékoré (1,603) and Kankan (1,343), as well as from the national hospitals Donka (1,434) and Ignace Deen (1,154) in Conakry. Urine samples represented the majority of analyzed biological fluids, accounting for 77%, while blood samples represented 1%. The main bacterial strains isolated were Escherichia coli (54%), Klebsiella pneumoniae (27%), and Staphylococcus aureus (14%). The overall acquired resistance of these pathogens to the antibiotics tested was 96% for penicillin, 24% for ceftriaxone, 14% for imipenem, 40% for meropenem, and 7% for ertapenem.
Conclusion:
Strengthening this surveillance requires expanding the number of sites, improving the skills of laboratory personnel, securing adequate funding for activities, and raising awareness among prescribers and the population to promote the rational use of antibiotics.
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1- INTRODUCTION
Antimicrobial resistance (AMR), particularly bacterial resistance, has become a critical threat to global health, undermining the effectiveness of infection treatment and prevention [1]. The global emergence of AMR against various carbapenemases across multiple bacterial species, associated with high mortality rates and potential biofilm formation, further highlights the unmet clinical need to address AMR [2–4].
AMR is one of the leading causes of mortality, contributing to approximately 9% of all deaths worldwide [1]. In 2019, around 13.7 million infection-related deaths were reported [5], of which AMR-associated infections directly contributed to about 1.27 million deaths and indirectly to 4.95 million deaths. The incidence of AMR-related deaths ranged from 28.0 in Australia to 114.8 in Western Sub-Saharan Africa per 100,000 population [1]. Up to 1.27 million of the estimated 7.7 million deaths attributable to bacterial infections could be caused by antibiotic-resistant bacterial pathogens [1,5].
AMR is often viewed as an isolated issue and therefore remains invisible to many stakeholders, yet it currently affects the health, well-being, and potential of most humans and other species inhabiting the planet [6]. It is a global health threat that has prompted a reinforced response from both national and international organizations [7–8]. In 2015, the World Health Organization (WHO), in collaboration with the World Organisation for Animal Health (WOAH) and the Food and Agriculture Organization of the United Nations (FAO), developed the Global Action Plan on AMR [9].
In Guinea, combating AMR remains a national priority, leading to the development of a multisectoral action plan in 2019, aligned with the objectives of the Global Action Plan. A situational analysis conducted by the Ministry of Health, with support from technical and financial partners, identified several weaknesses, including: inappropriate use of antibiotics in healthcare settings by insufficiently trained and supervised professionals; inappropriate community use of antibiotics by inadequately informed populations; and the absence of specific antimicrobial regulations [10]. Laboratory-based AMR surveillance, a key component of this plan, supports improvements in healthcare delivery as well as disease prevention and control. It also allows the evaluation of the impact of interventions to combat AMR. This surveillance is coordinated within the human health sector by the National Institute of Public Health (NIPH).
The objective of this study was to describe the current aspects of AMR surveillance in Guinea.
2- MATERIALS AND METHODS
2.1. Study setting
The Republic of Guinea is a coastal country located in the western part of the African continent, midway between the equator and the Tropic of Cancer. It covers an area of 245,857 km², with an estimated population of 13,261,638 inhabitants in 2022, and an average density of 53.94 inhabitants per km². The health system is structured according to the administrative divisions of the country, comprising 8 regions and 38 health prefectures.
Public healthcare facilities are organized into three levels. The secondary level includes regional hospitals and laboratories, which also serve as prefectural hospitals where they are located, acting as referral centers for prefectural health facilities. Following the major Ebola outbreak (2014–2016), Guinea strengthened its health system through the establishment of coordination and surveillance bodies, capacity building of human resources, and the construction and equipping of diagnostic and treatment centers. As part of this effort, regional hospital laboratories were equipped and personnel were trained in AMR diagnosis.


2.2 Study design and period
This was a descriptive, retrospective study covering the period from January 1 to July 31, 2024.
3. Organization of AMR surveillance in Guinea
3.1 Multisectoral governance and coordination
At the national level, the AMR Steering Committee serves as the supreme decision-making body and is chaired by the Minister of Health. In fulfilling its mandate, it relies on several structures, including: the National Executive Secretariat for AMR, the Multisectoral Coordination Committee, and various multisectoral technical working groups. Within the One Health framework, each ministry has a designated AMR sectoral focal point.
The National Reference Laboratory of the NIPH serves as the national reference laboratory for bacteriological analysis and AMR surveillance in human health, while the Central Veterinary Diagnostic Laboratory performs the same role in the animal health sector. The country also has other laboratories capable of conducting AMR surveillance activities. A national laboratory surveillance protocol was developed based on national needs and available resources.
3.2 AMR sentinel surveillance sites
In the human health sector, 13 laboratories participate in AMR surveillance. These include:
· 7 of the 8 regional hospital laboratories (N’zérékoré, Faranah, Kankan, Mamou, Labé, Boké, and Kindia)
· 2 of the 3 national hospital laboratories (Donka and Ignace Deen)
· 2 private laboratories (Biomar 24 and Biolab-Guinée)
· 1 mixed laboratory (National Social Security Fund Laboratory)
· 1 central-level laboratory (National Reference Laboratory, NIPH).
4. Antimicrobial resistance testing
Bacterial identification was performed using both conventional methods and the automated VITEK® 2 Compact system. Antibiotic susceptibility testing was carried out using the disk diffusion method on Mueller-Hinton agar, according to the CA-SFM–EUCAST 2023 recommendations [11], and by the automated VITEK® 2 Compact system.
5. Data management and analysis
Data were extracted from the DHIS2 surveillance system of the Ministry of Health and Public Hygiene in Excel format and analyzed using R software, version 4.3.1. A descriptive analysis was conducted for the entire dataset. Qualitative variables were presented as proportions, while quantitative variables were expressed as medians and means.




RESULTS
During the study period, a total of 8,355 samples were analyzed, from which 2,832 bacterial strains were Gram-identified. The number of antibiotic susceptibility tests (antibiograms) performed was 1,197. These samples mainly originated from the regional hospital laboratories of N’zérékoré (1,603) and Kankan (1,343), as well as the national hospitals Donka (1,434) and Ignace Deen (1,154) in Conakry (Table I).
Table I: Number of Antibiotic Susceptibility Tests (Antibiograms) Performed by Sentinel Site, January 1 – July 31, 2024, Guinea
	Sentinel Sites
	Samples Analyzed
	Isolated Germs (Gram)
	Antibiograms Performed

	Labo Régional N’zérékore
	1603
	342
	30

	Hôpital National Donka
	1434
	282
	260

	Labo Régional Kankan
	1343
	680
	83

	Hôpital National Ignace Deen
	1154
	297
	212

	Labo Régional Faranah
	611
	258
	18

	Labo Régional Mamou
	542
	66
	6

	Labo Régional Labé
	322
	107
	13

	Labo Caisse Nationale Sécurité Sociale
	306
	179
	93

	LNSP de l’INSP
	271
	57
	55
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	238
	230
	230

	Labo Régional Kindia
	201
	179
	45

	Labo Privé Biomar-24
	198
	111
	108

	Labo Régional Boké
	132
	44
	44

	Total 
	8355
	2832
	1197


Urine samples accounted for the majority of analyzed biological fluids at 77%, followed by stool (4%) and pus (2%). Blood samples represented 1% of the total. The main bacterial strains isolated were Escherichia coli (54%), Klebsiella pneumoniae (27%), and Staphylococcus aureus (14%) (Table II).
Table II: Main Bacterial Strains Isolated from Clinical Specimens, January 1 – July 31, 2024, Guinea
	Isolated Bacteria
	Proportion

	Escherichia coli  
	54

	Klebsiela Pneumoniae  
	27

	Staphylococcus auréus
	14

	Acinetobacter baumanii
	3

	Pseudomonas aeruginosa
	2



The overall acquired resistance of these pathogens to the antibiotics tested was 96% for penicillin, 24% for ceftriaxone, 14% for imipenem, 40% for meropenem, and 7% for ertapenem (Table III).
Table III: Acquired Resistance of Bacterial Strains to Tested Antibiotics, January 1 – July 31, 2024, Guinea
	Antibiotics
	Proportion

	Penicilline G 
	96

	Ampicilline 
	91

	Amoxicilline
	72

	Amoxicilline + Acide clavulanique
	51

	Pipéracilline
	84

	Piperacilline/ Tazobactam
	26

	Ticarcilline
	86

	Ticarcilline/ Amoxi Acide Clavulanique
	68

	Cefalotine
	66

	Cefuroxime
	83

	Cefixime
	84

	Cefepime
	67

	Cefoxitine
	51

	Oxacilline
	87

	Cefotaxime
	52

	Ceftazidime
	65

	Ceftriaxone
	24

	Ceftiofure
	75

	Imipénème
	14

	Méropénème
	40

	Ertapénème
	7

	Nethlmicine
	87

	Amikacine
	29

	Kanamycine
	75

	Tobramycine
	56

	Gentamycine
	57

	Trimétoprime / Sulfaméthoxazole
	74

	Acide Nalidixique
	73

	Ciprofloxacine
	67

	Ofloxacine
	46

	Norfloxacine
	90

	Levofloxacine
	44

	Clindamycine
	54

	Lincomycine
	68

	Erythromycine
	64

	Pristinamycine
	62

	Teicoplanine
	68

	Vancomycine
	52

	Colistine
	29

	Moxifloxacine
	46

	Tigécycline
	10

	Minocycline
	69

	Tétracycline
	88

	Nitrofurantoine
	29

	Fosfomycine
	57

	Acide Fusidique
	82

	Rifampicine
	91

	Linezolide
	35

	Quinupristine-Dalfopristine
	46

	Aztreoname
	27



DISCUSSION
To our knowledge, this study represents the first effort to describe AMR surveillance in Guinea. Such surveillance is essential for containing antimicrobial resistance [12]. Resistance data are required at the local level (clinical management, updating treatment protocols, training prescribers), national level (guiding health policies, updating the essential medicines list and national treatment guidelines), and international level (information sharing, enhancing dialogue and engagement of decision-makers, developing awareness and education programs, and stimulating research) to guide decision-making and interventions [13]. Currently, new antimicrobial drugs are scarce, and the increasing prevalence of multidrug-resistant bacteria causing therapeutic failures makes antibiotic-resistant bacteria a major threat to modern healthcare [14].

In 2015, the World Health Organization (WHO) launched the Global Antimicrobial Resistance Surveillance System (GLASS), a key contribution to the Global Action Plan on AMR. This surveillance system includes several pathogens, such as Escherichia coli and Klebsiella pneumoniae [15]. The main drug classes used for antimicrobial susceptibility testing include penicillins, third- and fourth-generation cephalosporins, carbapenems, fluoroquinolones, aminoglycosides, tetracyclines, polymyxins, macrolides, and co-trimoxazole [16]. Knowledge of antimicrobial resistance trends among uropathogen isolates is essential for clinicians when choosing empirical treatment for uncomplicated urinary tract infections (UTIs) in primary care. According to the Infectious Disease Society of America (IDSA) guidelines, up-to-date local antimicrobial resistance rates should be available to physicians to enable the best therapeutic choices [17]. Escherichia coli is the main pathogen responsible for UTIs, accounting for 75–90% of cases [18]. In our series, Escherichia coli and Klebsiella pneumoniae were the predominant isolates from mostly urinary samples, showing high levels of resistance to the tested antibiotics. Empirical antibiotic therapy is almost routine in central and peripheral healthcare facilities, which explains the low percentage of blood samples analyzed compared with other biological fluids. This situation underscores the need for clinicians to perform blood cultures when febrile syndromes persist in their patients.
The WHO does not specify the exact number of surveillance sites each country should have. It recommends establishing sites in hospitals and representative facilities to ensure AMR data collection. The number of sites may vary according to national resources and priorities [19]. In Guinea, 13 sites currently participate in AMR surveillance. Efforts are being made by health authorities at all levels, in collaboration with technical and financial partners, to increase this number. In the coming months, 15 additional sites will join the national surveillance network. The selection of these sites, based on well-defined criteria, allows coverage in Conakry and in prefectural health facilities across the country. Major challenges must be addressed in anticipation of the opening of these sites, particularly in terms of human resources (training personnel on AMR at different levels of the health system pyramid, redeployment of human resources at the decentralized level), equipment, materials, and consumables (acquisition of equipment and materials, consumables and reagents, stock management as well as preventive and corrective maintenance of equipment and materials in laboratories), and funding (consideration of AMR surveillance in the operational action plans of different hospitals and sentinel sites, advocacy for the mobilization and sustainability of funding in favor of AMR).
In the face of these challenges, several perspectives can be considered to strengthen the efficiency of the system. To allow for the collection, preservation, and transport of isolates to the national reference laboratory, the logistical capacities of the sentinel site laboratories and that of the NIPH must be reinforced. The availability of inputs and reagents in the different laboratories will ensure continuity of services. Likewise, the data management and analysis system must be improved. In Guinea, data are entered into the DHIS2 Surveillance system with completeness and timeliness not guaranteed. However, these data are not transmitted on time to WHONET and the GLASS system. Furthermore, the establishment of continuous training and mentoring programs for the various laboratory practitioners will allow them to update their knowledge and follow the evolution of national and international recommendations. Finally, efforts must be made to raise awareness among prescribers and the population for the rational use of antimicrobials.
CONCLUSION
Despite the limited number of sentinel sites, AMR surveillance is a reality in Guinea. It has enabled the identification of major circulating bacterial strains and the overall resistance profile to tested antibiotics.
Strengthening this surveillance requires expanding the number of sites, improving personnel competencies, securing adequate funding, and raising awareness among prescribers and the population for rational antibiotic use.
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