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Abstract 33 

Low-and middle-income countries are projected to experience a disproportionate burden of antimicrobial 34 

resistance (AMR), with significant impacts already evident in West Africa (WA). Active AMR surveillance in 35 

food‑producing animals and the environment is essential to inform transmission pathways, detect emerging 36 

resistance trends, and assess risks to human health. Several WA countries have developed national AMR strategies, 37 

sampling plans, and standard operating procedures (SOPs) to support such surveillance. This review evaluates the 38 
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alignment of these documents across sectors and countries, and their capacity to support national monitoring, 39 

regional comparison, and One Health (OH) AMR analyses. AMR strategy documents, sampling plans, and SOPs 40 

were provided by Ghana, Nigeria, Senegal, and Sierra Leone for review. Data were extracted into a comparative 41 

framework to assess surveillance scope, livestock and environmental coverage, target bacterial species, and 42 

antimicrobial panels. Analysis focused on active AMR surveillance in animal health and environmental sectors, 43 

examining cross‑sectoral and cross‑country alignment from a OH perspective. All four countries prioritised 44 

poultry layers, tilapia, and catfish for active AMR surveillance. Across sectors and countries, Escherichia coli and 45 

Salmonella spp. were consistently included. Antimicrobial panels for E. coli showed convergence, particularly for 46 

carbapenems, cephalosporins, and quinolones, supporting the potential for cross‑sectoral comparison. 47 

Environmental surveillance approaches were more heterogeneous, with differences in sampling sites and sample 48 

types that may limit comparability. Despite this, increasing alignment was observed in surveillance objectives, 49 

governance structures, and methodological approaches. The documents reviewed provide a coherent framework 50 

for generating high‑quality AMR data across sectors in WA. Shared priorities in species, bacterial targets, and 51 

antimicrobial selection support the potential for regional trend analysis and strengthened OH surveillance. Further 52 

harmonisation of environmental sampling would enhance comparability. If implemented as outlined and data 53 

quality is maintained, these surveillance programmes will contribute to national monitoring, regional 54 

coordination, and evidence‑informed AMR policy development. 55 

Keywords: Antimicrobial resistance (AMR); Antimicrobial resistance surveillance; One Health; West Africa; 56 

AMR active surveillance 57 

 58 

Introduction: 59 

Antimicrobial Resistance (AMR) presents a profound threat to public, animal, and plant health, the environment, 60 

food security and to the global economy. The World Bank has estimated that by 2050 AMR could, if unchecked, 61 

cause the world to lose 3.8% of global gross domestic product each year and push 28 million people into poverty1.  62 

In 2024, the Global Research on Antimicrobial Resistance (GRAM) project estimated that without intervention 63 

AMR will directly cause 39 million human deaths between 2025 and 20502. The World Organisation for Animal 64 

Health (WOAH) has estimated that by 2050, without interventions, the economic and public health impact of 65 

AMR in livestock could be substantial, including a significant cost associated with the spread of resistant 66 

pathogens from livestock to humans3. The burden of AMR has been predicted to fall most heavily on low-and 67 

middle-income countries, for several reasons including higher infectious disease burden and inadequate water, 68 

sanitation and hygiene (WASH) conditions; weaker regulation and health‑system capacity; and extensive, often 69 

unregulated antimicrobial use in livestock that accelerates resistance across the One Health interface4,5. 70 

This global threat has triggered a global response, and the publication of the Global Action Plan (GAP) for AMR6. 71 

The GAP encouraged countries to establish National Action Plans (NAPs) on AMR, tailored to the needs of their 72 

nation, people, and economy, but following universal principles including a requirement for national AMR 73 

surveillance or monitoring. Surveillance contributes to an understanding of the AMR threat, informs interventions, 74 

and enables monitoring of progress in tackling AMR. Guidance for AMR surveillance in food-producing animals 75 

is provided by WOAH6 and the Codex Alimentarius Commission7. Surveillance (or monitoring) in food-producing 76 

animals can include AMR in veterinary pathogens obtained from clinical samples (clinical/passive surveillance) 77 

and AMR in commensals and/or zoonotic pathogens in healthy animals (active surveillance), that may serve as a 78 

risk to people, through for example, the food chain. Active AMR surveillance is defined as a core part of national 79 

surveillance by WOAH6,8. The importance of AMR in the environment is highlighted by WOAH and the Codex 80 

and is an important component of the One Health approach, as recognised in the Quadripartite One Health Joint 81 

Plan of Action in which AMR has a dedicated Action Track9. Surveillance plans for this sector are relatively 82 

limited, with efforts being project-dependant in many countries around the globe.  83 

Africa has one of the largest gaps in data on AMR prevalence, attributed to limited AMR surveillance networks 84 

across the continent10-12. There is also a relatively low implementation of NAPs in Africa, with only 74% 85 

implemented due to a lack of financial commitment13. To address these issues, the Africa Centres for Disease 86 

Control and Prevention published guidance for the ‘Antimicrobial Resistance Surveillance Guidance for the 87 

African Region’14, which outlines how countries can establish governance structures, create robust AMR 88 

surveillance systems, and enable data sharing on the African continent. Similarly, efforts to address the data gaps 89 

through the UK Aid Fleming Fund programme has resulted in the production and implementation of NAPs, 90 

strategy documents, active sampling plans, and standardised Standard Operating Procedures (SOPs). Fleming 91 



   

 

3 

 

Fund supported countries in West Africa including Ghana, Nigeria, Senegal, and Sierra Leone and therefore the 92 

focus of this manuscript was on these countries. The burden of AMR in these four countries is recognised as 93 

substantial, with high AMR-associated age-standardised human mortality rates per 100,000 people: of 204 94 

countries included Sierra Leone was 24th highest, Nigeria 30th, Ghana 35th, and Senegal placed 46th globally15. 95 

Each country produced the aforementioned documents outlining their active surveillance in humans, animals, and 96 

the environment. National active AMR surveillance programmes in food-producing animals are nascent and much 97 

of the current knowledge is based on project and pilot studies. To fill these data gaps each nation has developed 98 

detailed active AMR surveillance programmes for food-producing animals and the environment. Additionally, the 99 

Food and Agriculture Organization of the United Nations (FAO) developed the Assessment Tool for Laboratories 100 

and AMR Surveillance Systems (FAO‑ATLASS) to support countries in assessing and strengthening AMR 101 

surveillance in the food and agriculture sectors16. The tool comprises complementary laboratory and surveillance 102 

modules that evaluate national systems across five domains: governance, data production networks, data 103 

collection and analysis, communication, and sustainability. FAO‑ATLASS applies a Progressive Improvement 104 

Pathway (PIP) to identify gaps, prioritise system strengthening actions, and monitor incremental improvements 105 

in laboratory and surveillance capacity over time16. All four countries have participated in the ATLASS assessment 106 

with varying outcomes17.   107 

Here, we present a review of the strategy documents and sampling plans for active AMR surveillance in food-108 

producing animals and the environment from Ghana, Nigeria, Senegal, and Sierra Leone. The three objectives of 109 

this review were to: i) assess data generation on animal health and the environment sectors from a One Health 110 

perspective and determine whether these data will help to inform in-country emerging AMR trends; ii) assess 111 

whether the data generated by the four countries within each sector can help to inform a regional comparison and 112 

perspective; and iii) offer recommendations to consider when creating AMR active surveillance and sampling 113 

plans 114 

 115 

Methods 116 

Data Collection 117 

Documents included for review comprised the NAPs, AMR strategy documents, and sampling plans for each 118 

country and covered the active surveillance of AMR in livestock and the environment (Table 1). The NAPs of 119 

Ghana18, Nigeria19 and Sierra Leone20 were downloaded from the WHO website. The second NAP for Senegal21 120 

had been validated at the national level and, as it was not published on the WHO website at the time this review 121 

was undertaken, was provided to the authors in draft. Similarly, the AMR strategy documents and sampling plans 122 

are not publicly available, except for Nigeria (www.fmld.gov.ng), but consent was given and documents were 123 

shared by the countries to be used in this review for a high-level overview. Senegalese documentation was 124 

translated from French to English using DeepL22 for the purposes of this review. Key details and insights from 125 

Senegalese documents were validated by members of the authorship team with fluency in both languages. To 126 

provide a framework and benchmark for this review we consulted guidance publications, including the Fleming 127 

Fund protocol for active AMR surveillance in poultry23 the WOAH Aquatic Code24 and the WHO Tricycle 128 

programme25. 129 

One Health Analysis of Strategy and Sampling Plans 130 

Information from NAPs, strategy documents, and sampling plans was systematically extracted into an Excel 131 

spreadsheet to catalogue details in a harmonised format and assess alignment between strategy documents and 132 

sampling plans for within-country and between-country comparison. Extracted data included sampling areas, 133 

livestock species, environmental sample sites, target bacterial species, laboratory networks, and protocols 134 

(including antibiotic panels) (see supplementary file 1). Because first-level subnational administrative regions 135 

differ by country, we adopted the generic term “sampling area” to represent Ghana (regions), Nigeria (states), 136 

Sierra Leone (provinces), and Senegal (regions). In Nigeria, states can be grouped into geopolitical zones; this 137 

notation was retained when present in the source documents. Sampling strategies encompassed a range of animal 138 

types. We used the term “livestock species” as a generic descriptor, while recognising that poultry layers and 139 

poultry breeders belong to the same species; these were analysed separately due to substantial differences in 140 

production systems. Finally, the degree of One Health integration was assessed at both country and inter-country 141 

levels to evaluate robustness of strategies and facilitate comparability. This was achieved through comparing how 142 

bacterial species and antibiotic choices differed across animal health and the environment. 143 
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Visualisation of Sampling Locations 144 

The Esri's World Hillshade standard basemap was used (ArcGIS inbuilt tool - World Hillshade - Overview) and 145 

each country's subnational administrative boundary shapefiles were downloaded from the Humanitarian Data 146 

Exchange Project database. A Polygon Merge tool (ArcGIS inbuilt tool) was used to group Nigerian states into 147 

the six geopolitical zones. A point layer was created to display laboratory locations, with labels applied using the 148 

labelling tool. Each map was extracted to a PDF using a 2000×1500-pixel resolution to ensure consistent sizes of 149 

figures. 150 

Results 151 

Situation Analysis in the Creation of NAPs and Strategy Documents 152 

To inform their NAPs and AMR strategy documents all four countries conducted situation analyses, revealing 153 

differing stages of AMR surveillance development. Ghana was preparing its second NAP, building on the 2017–154 

2021 plan, which fostered cross-sector collaboration and included a detailed budget. Ghana’s situation analysis 155 

reported extensive antibiotic use in animal husbandry for disease prevention and growth promotion, with antibiotic 156 

residues present in the food chain and a likely driver of AMR18. Within the pig sector, antibiotics such as 157 

tetracycline, sulphadimidine, benzylpenicillin, and dihydrostreptomycin are commonly used for diarrhoea, rashes 158 

and coughs26. At the time of writing the first NAP for Ghana, there was no department responsible for antibiotic 159 

usage, residues or surveillance within the aquaculture sector, the first NAP also states commonly used antibiotics 160 

in Ghanaian fisheries include tetracyclines, chloramphenicol, streptomycin and penicillin, although there was no 161 

reference supplied to this body of work. Nigeria’s NAP outlined that, across the animal health sector, 10.9% of 162 

reported bacteria were multidrug resistant, and 2.3% were extremely drug resistant19. This also revealed a bias 163 

towards the poultry sector, with 49% of total submissions from poultry, highlighting the need for increased 164 

submissions from pigs, ruminants, and fish. Data was also limited in the environmental sector, with data generation 165 

reliant upon research rather than surveillance. The findings of what limited research there was suggests pathogenic 166 

bacteria, with high levels of drug resistance in ponds and wastewater, potentially influenced by hospital effluent, 167 

and human activities 27,28. Senegal’s first NAP improved control and surveillance of infections caused by AMR 168 

pathogens and antimicrobial stewardship21. The second NAP outlined the need for further improvement, such as 169 

a national focal point for AMR, effective implementation of integrated AMR surveillance programs nationwide, 170 

and a digital platform for the collection and analysis of AMR surveillance data in a One Health manner. Similarly, 171 

a bias towards the poultry sector was highlighted, with the need for increased surveillance in aquaculture21. An 172 

initial pilot study identified molluscs to be an area of interest with low level presence of Extended-Spectrum Beta-173 

Lactamase (ESBL) -producing E. coli (ESBL E. coli). Sierra Leone released its first NAP (2018-2022)20 174 

and identified key areas to address involving governance, awareness and education, laboratory surveillance, 175 

infection prevention and control, optimising antimicrobial usage and sustainable investment for AMR. Within the 176 

situation analysis Sierra Leone highlighted the lack of public awareness, with AMR not included as teaching 177 

content at schools and universities for veterinary, human health, or agriculture sectors, and no formally designated 178 

laboratory for AMR and subsequently limited data available in the animal health sector20. 179 

One Health AMR Governance 180 

A consistent strength across all four countries was the establishment of multisectoral governance bodies that 181 

facilitate collaboration between human and animal health, agriculture, environment, and fisheries sectors. These 182 

bodies have been pivotal in developing AMR strategies and sampling protocols. The strategy documents each 183 

reflect a One Health approach with contributions from Ministries across all sectors, with input from WHO, FAO, 184 

academia, civil service, private sector, donor partners, and regional laboratory experts. Although differing in detail, 185 

each nation has implemented a well-defined structure with clear responsibilities and reporting routes to facilitate 186 

a coordinated One Health AMR effort. These One Health governance structures will be pivotal in addressing AMR 187 

as they enable sectors to collaborate, supporting the development of surveillance mechanisms, evidence-based 188 

policy and coordinated responses to contain AMR. The governance structures are presented in Supplementary 189 

Figures S1A-S1D. 190 

 191 

Surveillance Sampling Areas 192 

The surveillance strategies defined the sampling areas and specified the locations for collection of samples from 193 

each livestock species and the environment. To illustrate the geographic distribution, Figures 1A–1D present the 194 

sampling sites for poultry (broilers and layers), aquaculture species (catfish and tilapia), and environmental 195 

sources, along with the locations of the laboratories performing the analyses. Ghana has introduced a phased 196 

approach to undertake the active surveillance. Initially, phase 1 involves surveillance sites close to the laboratories, 197 

and as each phase progresses samples will be transported from further afield. This approach enables protocol 198 
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adaptation and adjustment as laboratory capacity increases over time. In Nigeria, the laboratory network 199 

supporting the terrestrial animal health sector has been expanded to ensure representation across all six 200 

geopolitical zones and to enhance private sector participation. In addition to the six existing sentinel laboratories 201 

engaged in Nigeria’s AMR surveillance, three new active sites were recently incorporated, and the inclusion of 202 

private laboratories marks an important step toward a maturity across countries 203 

 and sustainable national AMR laboratory network. Nigeria and Ghana both state samples will be transported in 204 

appropriate transport medium or swabs, maintained on ice and held at 4 ºC. Senegal aims to sample poultry and 205 

the environment in three sampling areas and aquaculture in seven, reflecting the distribution of livestock 206 

production. The Senegalese laboratories are all based in Dakar, which is a substantial distance from some sampling 207 

areas and careful consideration of timely sample transport is important. The Sierra Leone strategy specifies five 208 

sampling areas for poultry, three for aquaculture, and one for environmental sources. Initially, all samples will be 209 

processed at the Central Veterinary Laboratory which is located some distance from certain sampling sites. 210 

However, both countries mitigate sampling transport issues by including detailed sampling transport direction. 211 

Senegal outlines that samples will be taken and either submerged in transport medium or AIMES swabs before 212 

transport in a cooler with dry ice to the laboratory. Similarly, Sierra Leone outlines the use of three-layer packaging 213 

for biosecurity, samples to be transported at 4 ºC within 24 hours and processed within 72 hours. All these steps 214 

help to maintain sample integrity and generate high-quality data. 215 

 216 

 217 

 218 

Figure 1: Sampling areas and laboratory locations for active antimicrobial resistance surveillance in 219 

livestock for A) Ghana, B) Nigeria, C) Senegal and D) Sierra Leone. Sampling areas highlighted in blue, with 220 

arrows indicating the locations of testing laboratories. Icon indicates sample type: chicken (layer or broiler 221 

chickens), fish (catfish and tilapia), and waterdrop (environment). A) Ghana sampling regions and the laboratory 222 

locations, with a number assigned to show the introduction of sampling regions using a phased approach (1-3). 223 

Laboratory acronym: NFSL, National Food Safety Laboratory: CVL, Central Veterinary Laboratory. B) Nigeria’s 224 

six geopolitical zones each have a laboratory located in the zone. Zones are outlined in black. Laboratory 225 

acronyms: NVRI, National Veterinary Research Institute: NESREA, National Environmental Standards and 226 

Regulations Enforcement Agency. C) Senegal Laboratory acronyms: LNERVE, Laboratoire National de l'Elevage 227 

et de Recherches Vétérinaires: LATEU, Laboratoire de Traitement des Eaux Usées: EISMV, Ecole Inter-Etats des 228 

Sciences et Médecine Vétérinaires. D) Sierra Leone sampling locations in reference to the Central Veterinary 229 

Laboratory in Makeni, responsible for the aquaculture, poultry and pig AMR Surveillance. Laboratory acronyms: 230 

CVL, Central Veterinary Laboratory: SL PHL, Sierra Leone Public Health Laboratory: EPA-SL, Environment 231 

Protection Agency- Sierra Leone.  232 
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Livestock species selected 233 

We compiled the livestock species included in active surveillance and summarise these in Table 2. A total of ten 234 

livestock species were identified. Ghana included the most diversity of livestock species (nine) and Sierra Leone 235 

the least (four). Only three livestock species were included for sampling by all four countries: poultry layers, 236 

tilapia, and catfish (Table 2). Cattle, poultry broilers and pigs were selected by three countries, and sheep and goat 237 

were selected by Ghana and Nigeria only. Pigs were not included for sampling in Senegal because the national 238 

herd is small. Sierra Leone did not include poultry broilers because prior sampling profiles identified that in-239 

country poultry broiler production accounts for only 20% of the total poultry consumption, mainly as 240 

village/backyard chickens (FAO classification Sector 4; Supplementary Table 2), and the remainder are imported. 241 

Oysters were included in the surveillance in Senegal, and Ghana included crustaceans due to their industrial 242 

growth and contribution to food security, nutrition, and employment. A core guidance document used for design 243 

of poultry and aquaculture sampling was the Fleming Fund active surveillance document23. WHO 244 

recommendations and a previous global review on AMR in the aquaculture sector29 also informed the aquaculture 245 

sampling plans. The potential explanation for using a poultry protocol to develop an aquaculture sampling plan 246 

could be due to the lack of a similar protocol in the aquaculture sector at the time of preparation of the strategy 247 

documents reviewed here. Across all four countries there was an established exclusion criteria for sampling, 248 

unanimously stating that animals (terrestrial and aquaculture) exhibiting signs of disease were not included. 249 

Poultry are a major protein source, widely consumed, associated with foodborne infections, and antimicrobials, 250 

including those critical for human health, are commonly used in poultry production. Consequently, poultry were 251 

included in all four surveillance plans. The FAO Classification system for poultry production defines four sectors, 252 

and all four countries included industrial integrated farms (sector 1; high biosecurity), commercial poultry farms 253 

(sector 2; high biosecurity), and smaller commercial poultry farms (sector 3; low biosecurity) (Supplementary 254 

Table 2). Across all countries Sectors 1, 2 and 3 were selected for sampling due to their traceability (farms to 255 

markets) for broilers and layers. In Sierra Leone however, only layers were selected for sampling due to broilers 256 

mostly being backyard (Sector 4) raising traceability issues or imported from neighbouring countries. Backyard 257 

poultry (sector 4) were only included in Ghana. This approach mirrors recommendations in the Fleming Fund 258 

poultry protocol23. Sample size calculations were similarly based on this protocol, which employs Cochran’s 259 

formula, to yield 384 samples per round of active sampling. However, in Sierra Leone, this calculation was 260 

undertaken and then adjusted with consideration to the laboratory capacity (reduced to 200 samples). 261 

Tilapia and catfish are included in the AMR active surveillance strategies of all four countries, because they are 262 

widely farmed and consumed, involve frequent antimicrobial use, and constitute potential source and/or reservoirs 263 

of AMR with implications for human, animal, and environmental health. Different approaches on the targeted 264 

organ(s) and whether dissection will occur onsite or at the laboratory were evident between strategies. For 265 

example, samples in Nigeria were whole fish and kidney samples, in Ghana soft tissues and skin were targeted, 266 

and in Sierra Leone skin and gills swabs, and internal organs are sampled. Senegal will transport live fish to the 267 

laboratory, with no direct information regarding sample collection or transport, outlined in the strategy or sampling 268 

plans. Sampling at fish farms across the four countries was integrated with additional sampling types including 269 

fish feed, pond water and sediment samples. Sierra Leone additionally described the swabbing of farmers hands. 270 

The sampling strategy for Nigeria included details on sample transport at a controlled temperature to laboratories 271 

for processing. 272 

Environmental sample types 273 

There was considerable diversity with environmental sample types included in surveillance protocols, with 21 274 

different types in total (Table 3). This may reflect a lack of standardised nomenclature in the environmental sector. 275 

The number of sample types per country ranged from 19 in Nigeria to five in Senegal. Hospital wastewater was 276 

the only sample type included by all four countries. Most sample matrices were water collected from different 277 

environmental sources, although Ghana included air samples at hospitals. Ghanian sampling included wastewater 278 

from farms, factories, healthcare settings, rivers, lakes, schools, and markets, with 20 sites per phase and sample 279 

numbers increasing from 400 in Phase 1 to over 600 by Phase 3. Nigeria’s program integrates passive (routine 280 

surveillance) and active (e.g. event based or periodic surveillance) sampling, targeting four river points to assess 281 

anthropogenic impacts on AMR, particularly ESBL E. coli. Senegal described pilot sampling in three regions: 282 

Dakar, Thiès, and Saint Louis (Table 3), including animal and hospital wastewater, urban and treated wastewater, 283 

and surface water. Sierra Leonean plans targeted wastewater, human faecal sludge, drinking water, informal 284 

settlements, hospitals, livestock farms, rivers, lakes, coastal waters, and tailing storage facilities at mines.  285 
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Environmental surveillance, while still the least developed element of the One Health framework, was nonetheless 286 

incorporated into all four NAPs, with each country demonstrating significant efforts to include environmental 287 

AMR surveillance. However, guidelines and protocols for environmental AMR surveillance remain limited. The 288 

World Health Organization Tricycle Programme represents an example of an initiative that incorporates an 289 

environmental component, aiming to harmonise AMR surveillance across the human, animal, and environmental 290 

sectors. Environmental sampling focuses on AMR ‘hotspots’, such as rivers receiving wastewater, animal 291 

slaughter wastewater, and human communal wastewater30.The Tricycle programme focuses solely on ESBL E. 292 

coli as a sentinel species and provides a strong starting base for environmental surveillance. Nigeria, Senegal and 293 

Sierra Leone used the WHO Tricycle Programme to inform environmental surveillance site selection. Nigeria will 294 

focus on ESBL E. coli and leaving scope in the future to expand bacterial species. In contrast, Senegal and Sierra 295 

Leone will also include carbapenem-producing E. coli, vancomycin-resistant Enterococci and Salmonella spp. 296 

(Table 4). Ghana seeks to implement an extensive but staged environmental surveillance approach including 297 

carbapenem-producing E. coli, methicillin resistant Staphylococcus aureus, vancomycin resistant Enterococci and 298 

additional targeted bacterial species (Table 4). 299 

Bacterial Species Selected for AMR Active Surveillance 300 

Focussing on the poultry, tilapia, and environment sample types a total 16 different bacterial species were named 301 

in the four strategies. Of these only E. coli and Salmonella spp. were included by all four nations (Table 4). E. coli 302 

is often used as an indicator organism for drug resistance, as this commensal bacterium is ubiquitous and present 303 

in different hosts and environments and it can transfer plasmids and subsequently resistance genes to other 304 

microbes. Additional bacterial species included Enterococcus spp. for poultry and environmental sampling and 305 

Aeromonas spp. for aquaculture sampling. Each country has selected additional bacterial species based on national 306 

priorities and surveillance objectives (Table 4). The WOAH Aquatic Code provides guidance to competent 307 

authorities on the development of monitoring and surveillance systems for AMR in aquaculture24. This document 308 

was used as guidance for the active AMR surveillance in the aquaculture sector for Ghana. The Aquatic Code 309 

recommends Vibrio parahaemolyticus, Salmonella spp., and Listeria monocytogenes to be included in active 310 

surveillance for products entering the retail chain. Vibrio parahaemolyticus is relevant for shellfish screening but 311 

not in tilapia and catfish production. However, inclusion of Listeria monocytogenes could be considered, taking 312 

into consideration farming practices i.e. terrestrial animals farmed near aquatic animals and the isolation of the 313 

bacteria from meat products in West Africa31. 314 

Antibiotic Selection for E. coli and Salmonella spp., for a One Health Approach 315 

To enable an assessment between sample types and countries we examined the antibiotics selected for E. coli and 316 

Salmonella and present these in Table 5 and Table S4, respectively. Sierra Leone used an identical panel of 13 317 

antibiotics for E. coli from poultry, tilapia and environmental sampling. This enables resistance profiles to be 318 

readily compared across species and sectors (e.g. between animals and environment samples), simplifying 319 

training, implementation, and supply chain management. Ghana has nine antibiotics shared across poultry, tilapia 320 

and environmental sampling, Senegal eight and Nigeria seven (Table 5). All four countries included those 321 

antibiotics authorised for use in humans only for active surveillance, as well as those classified by the WHO as 322 

Highest Priority Critically Important Antimicrobials (HPCIAs), Critically Important Antimicrobials (CIAs), and 323 

Highly Important Antimicrobials (HIAs) for human use32.  324 

 ESBL E. coli are an indicator organism included in many AMR surveillance programmes and are often employed 325 

as key metrics for AMR monitoring33-35. Indeed, the Tricycle programme focuses exclusively on ESBL E. coli as 326 

the sentinel organism30. Given this importance, detection of ESBL E. coli was included in the animal and 327 

environmental AMR surveillance plans for all four nations. For environmental surveillance, each country intends 328 

to follow the Tricycle protocols for the isolation, identification and confirmation of ESBL E. coli. The Tricycle 329 

methods are standardised and include selective culture for ESBL E. coli on culture media supplemented with 4 330 

mg/L cefotaxime, follow by confirmation through demonstrating synergy with clavulanic acid. Tricycle has 331 

selected two cost effective ESBL confirmatory methods that are recommended by CLSI and/or EUCAST: the 332 

combination disk diffusion test (CDD) and double disk synergy test (DDST)30. 333 

For other samples originating from animal and aquaculture settings, however, we observed differences in 334 

procedures for ESBL E. coli isolation and confirmation. Where specified in the documentation provided, ESBL 335 

isolation would be undertaken on culture media supplemented with 1 mg/L cefotaxime, which is the screening 336 

concentration recommended by EUCAST36. Nigeria details confirmation of the ESBL phenotype by CDD or 337 

DDST, whereas Senegal and Sierra Leone described the use of Etest ESBL strips or the CDD method. The relevant 338 
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surveillance protocols in Ghana had not been finalised at the time this review. These differences present an 339 

opportunity to consider harmonisation at national, or even regional, level to standardise laboratory SOPs, simplify 340 

procurement, and streamline staff training and competency, potentially leading to more readily comparable data. 341 

Quality Assurance 342 

The importance of quality assurance and control is recognised and highlighted in the documentation from each 343 

country. This includes the need for laboratory training, ISO accreditation, development of internal quality 344 

schemes, and participation in external quality control assurance programmes to ensure reliable and reproducible 345 

results. Internal controls are required at every stage of the laboratory workflow from media preparation to 346 

antimicrobial susceptibility testing to ensure the results generated are accurate and reliable. All four countries 347 

strategy documents and sampling plans outline a theme of quality control throughout the strategy and sampling 348 

plans, from sample collection and metadata to data storage and management. Ghana outlines that the national 349 

reference laboratory (NRL) will provide quality assurance and relevant revisions for improvement. Similarly, 350 

Nigeria, Senegal and Sierra Leone state the incorporation of external quality assurance (EQA) and internal quality 351 

assurance (IQA) led by the NRL creating IQA for the sentinel laboratories, and in turn the NRL is included in 352 

EQA. Senegal also states key stakeholders in their strategy documents to include quality management experts to 353 

oversee all stages of the surveillance process to ensure high quality data is generated. 354 

Data Reporting  355 

Across the four countries, active AMR surveillance data generated at national level are intended for reporting both 356 

nationally and to international platforms, for example WOAH’s ANIMUSE and the FAO International 357 

Antimicrobial Resistance Monitoring system (InFARM)37, although reporting structures and platforms vary. 358 

Ghana, Nigeria and Sierra Leone used WHONET platform for data analysis before submitting data to national 359 

and international platforms. Laboratories in all countries are operating a paper-based system with some also using 360 

Microsoft Excel. LIMS and WHONET were introduced or re-enforced in Ghana, Senegal and Sierra Leone during 361 

Fleming Fund phase 2. In Ghana, sentinel laboratories will generate AMR data, NRLs will collate the data, and 362 

submit to the National Central Data Repository. The National Coordinating Centre will produce annual 363 

cross-sectoral reports and disseminate them through the Ghana AMR Secretariat, while also reporting data 364 

internationally to WHO GLASS38 and WOAH ANIMUSE39. Ghana will also seek to develop an integrated, 365 

real-time system linking AMR, AMU, and antimicrobial consumption data across human, animal, and 366 

environmental sectors. This system was developed after the strategy document, and it is called the Ghana AMR 367 

Surveillance System (GASS) which is a fully automated One Health system with a functional dashboard located 368 

at the AMR secretariat. In Nigeria, sentinel laboratories will report AMR data to NRLs, which will submit the 369 

data to the National Animal Diseases Information and Surveillance (NADIS) system for epidemiological analysis. 370 

NADIS will submit outputs to the Chief Veterinary Officer who in turn will share the information with the National 371 

AMR Steering Committee and will also report data to the Antimicrobial Resistance Information System for secure 372 

national storage and international submission to InFARM. Additionally, a multi-sectorial platform integrating 373 

human, animal and environmental health sectors for AMR data has been developed, named Antimicrobial 374 

Resistance Information System (AMRIS) and is hosted by Nigeria Centre for Disease Control and Prevention. 375 

National Environmental Reference Laboratories will collate environmental AMR data and report them to the 376 

Federal Ministry of Environment and to GLASS. Nigeria will additionally produce surveillance reports, policy 377 

briefs, and technical documents to support in-government dialogue and improvements in active surveillance, while 378 

government platforms will share findings periodically online. Nigeria will also produce newsletters and 379 

educational materials to increase wider public awareness. In Senegal, the NRL will collate and analyse AMR data 380 

generated by sentinel laboratories, while the National Livestock and Veterinary Research Institution (LNERV) 381 

will manage animal sector surveillance through the national epidemiological surveillance system. LNERV will 382 

report outputs to the Directorate of Veterinary Services and the Ministry of Livestock and Animal Production, and 383 

the Directorate of Veterinary Services will share official reports with the Ministry of Health and report animal 384 

sector data to InFARM. The environmental sector will produce annual reports; however, the reviewed documents 385 

did not specify data dissemination pathways. In Sierra Leone, the Central Veterinary Laboratory will generate 386 

AMR data and submit them to the national epidemiological unit within the Ministry of Agriculture and Food 387 

Security for analysis and dissemination to national stakeholders, including the Chief Veterinary Officer and the 388 

One Health Inter-Ministerial Committee. The Chief Veterinary Officer is responsible for reporting data to 389 

international platforms such as InFARM. In Sierra Leone, the environmental sector plans to establish a centralized 390 

national database for AMR data collection, storage, and analysis.  391 
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Discussion and Conclusion 392 

This review assessed the documents for active AMR surveillance in animals, aquaculture and the environment 393 

from four West African countries: Ghana, Nigeria, Senegal, and Sierra Leone. This review provides the first 394 

comparative analysis of their alignment, completeness, and One Health integration. Overall, the documents reveal 395 

strong multisectoral coordination and a shared commitment to generating AMR data across terrestrial animals, 396 

aquaculture, and environmental sources. The presence of established governance structures and cross-ministerial 397 

planning highlights strong recognition of AMR as a national, regional and global multisectoral threat, consistent 398 

with the GAP6. This review also highlights essential components of effective strategy documents and sampling 399 

plans for countries developing or refining their AMR surveillance systems.  400 

The four countries have demonstrated their commitment to AMR surveillance, throughout their NAPs, National 401 

AMR Strategy documents, and sampling plans. All countries have clear governance structures and mechanisms 402 

for AMR surveillance, data reporting to national and international platforms, and AMR surveillance inclusive to 403 

all three sectors: humans, animals including aquaculture, and the environment. AMR is a true One Health problem, 404 

and surveillance is required to enable the early detection of resistance, monitor trends, and inform coordinated 405 

interventions across human, animal, and environmental health40. As mentioned by Chen and colleagues13 to ensure 406 

documents remain up to date and relevant to the situation, countries in the early stages should focus on robust One 407 

Health governance structures, strengthen AMR surveillance systems, and improve data collection in a step wise 408 

manner. Therefore, periodic updates to all provided documents is a necessary step to continue implementation and 409 

high-quality data generation. 410 

A key strength across all countries is their convergence on priority livestock species particularly poultry, tilapia, 411 

catfish, and bacterial targets including E. coli, and Salmonella spp. which will facilitate important steps towards 412 

regional AMR trend analyses. Similarly, the adoption of the Fleming Fund poultry protocol and alignment with 413 

WHO Tricycle principles helped shape comparable approaches to sample collection, laboratory workflows, and 414 

antimicrobial panel selection. Most importantly, linkage with the human health sector is achieved through the 415 

focus on zoonotic bacterial species and the prioritisation of antimicrobials of HPCIA, CIA, and HIA, strengthening 416 

the One Health relevance and cross-sector comparability of data produced. Proposed AMR surveillance priorities 417 

align closely with those identified in other regions including in Eastern Africa35. South East Asia33, the European 418 

Union41 and the UK34. These have a focus on key zoonotic bacteria (e.g. Salmonella spp., E. coli, Enterococcus 419 

and Campylobacter spp.) in food-producing animals and include ESBL E. coli and AmpC -producing E. coli42-44. 420 

In contrast, West Africa lacks harmonised regional AMR surveillance guidance beyond limited country- and 421 

species-specific studies, positioning this manuscript as a potential framework for neighbouring countries seeking 422 

to establish active AMR surveillance systems45,46. 423 

Despite these commonalities, important divergences remain. Environmental surveillance shows the greatest 424 

variability, with countries selecting different sampling sites and sample types, which may limit cross-country 425 

comparability. This reflects the early stage of environmental AMR surveillance worldwide, where protocols 426 

remain limited and a lack of agreed naming conventions for sampling matrices adds further uncertainty47,48. 427 

Differences in sample types and antibiotic selection in the aquaculture sector also indicate areas where additional 428 

harmonisation would be beneficial33. In the absence of sector-specific protocols, countries have relied heavily on 429 

the Fleming Fund poultry and WHO Tricycle protocols, two of the few detailed guidance documents available at 430 

the time the countries were developing their strategies and sampling plan protocols. While this approach has 431 

supported initial development, there is an opportunity to enhance consistency by establishing dedicated sampling 432 

protocols for the aquaculture and environmental sectors. In many cases aquaculture and environmental 433 

surveillance plans are either not publicly available or are research-driven49,50. Within the European Union, Member 434 

– States will undertake active AMR surveillance in the aquaculture sector by 2028, while environmental 435 

surveillance was initiated on a small scale, voluntary basis between 2023 – 2025, with the need for a Member – 436 

State-wide surveillance subsequently proposed but not yet undertaken42,44. Nevertheless, we observed many 437 

similarities between the West African plans and proposed European Union active surveillance plans for 438 

aquaculture and environmental sectors, specifically on the targeted bacterial species and antibiotics 42,44. 439 

Differences in sampling distances and laboratory locations can pose potential challenges for sample integrity and 440 

sustainability. Addressing these through feasible transport logistics and by enhancing capacity in peripheral 441 

laboratories, or considering the development of closer laboratories, may help support more robust procedures. 442 

Senegal and Sierra Leone either outlined their sample collection and transportation in the sampling plans provided 443 

or stated they were included in the SOPs to maintain sample integrity when transporting over long distances. 444 
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Additionally, a pilot phase could be introduced, using smaller scalable sample numbers or sample site of closer 445 

proximity, to establish a baseline data and benchmark the AMR situation in all sectors. Such an approach may 446 

also allow adjustments to the surveillance strategy if sample integrity issues affect the data. A staged approach, 447 

like the phased expansion planned by Ghana across all sectors, may further support implementation by allowing 448 

laboratory staff time to become familiar with procedures, build competence, and develop operational resilience. 449 

Extensive surveillance may increase the workload in countries with minimal laboratory availability and therefore 450 

assessment of the laboratory space, equipment, laboratory personnel and workload should be considered to enable 451 

full implementation of AMR surveillance. To reduce cost and effort, countries could focus active surveillance for 452 

aquatic animal products intended for human consumption at slaughter before they enter retail market, similar to 453 

EU plans44. 454 

Participation in Proficiency Testing (PT) schemes provides a laboratory with EQA for key laboratory activities, 455 

such as antimicrobial susceptibility testing. PT schemes operate by providing participating laboratories with test 456 

samples for analysis. Laboratories analyse the PT samples, ideally as part of their normal routine, and report the 457 

results to the scheme organiser. They are then provided with a report showing how closely their results agree with 458 

the expected values and participants can take action to address any areas of concern. Participation also enables 459 

laboratories to provide evidence to regulators and accreditation bodies of their commitment to monitoring and 460 

improving performance. Participation in PT schemes has shown to overall increase laboratory performance 461 

overtime, generating high quality and reliable data, and therefore this should be prioritised in active AMR 462 

surveillance51,52. 463 

Data reporting pathways to national platforms were detailed, ensuring that AMR surveillance information is 464 

passed to competent authorities to support informed decision making and monitoring. Submission of data to 465 

international platforms was explicitly included in strategies in all four countries, demonstrating a national 466 

commitment to support global action on AMR. To facilitate efficient and compliant data sharing it would be 467 

helpful to prepare guidance documentation detailing procedures and responsibilities, although some countries 468 

have developed such procedures while this manuscript was under preparation, they were not in-scope for this 469 

review. For laboratories, access to IT facilities, suitably competent data-handling staff, and reliable electricity and 470 

internet connections will also be important considerations to allow timely reporting.  471 

It is important to highlight the limitations to this study. The review was based on the strategy documents and 472 

sampling plans provided by each country and therefore reflects planned, not necessarily implemented surveillance 473 

activities. In some cases, documents lacked operational detail, particularly regarding laboratory workflows, and 474 

on some occasions strategies and sampling plans had not been finalised, meaning the information reviewed may 475 

not fully represent future practice. Finally, this review did not assess field implementation, laboratory 476 

performance, or data outputs, which limits the extent to which we can assess the feasibility or effectiveness of the 477 

planned surveillance activities. Despite these constraints, the review provides a valuable snapshot of the current 478 

landscape and highlights key opportunities for comparability between the targeted bacteria (such as E. coli and 479 

Salmonella spp.) and the selected antibiotics in the three sectors poultry, aquaculture and environment. Various 480 

recent studies have shown measurable improvements in AMR outcomes to typically emerge several years after 481 

implementation of national action plans, highlighting that the strategies reviewed here represent early stages of a 482 

longer policy-to-impact trajectory13. We also recognise that changing funding and policy priorities can lead to 483 

change in the implementation of AMR surveillance. Ensuring financial sustainability is essential for the long-term 484 

success of these surveillance systems. Countries will need to consider prioritising domestic funding for AMR 485 

surveillance, as reliance on external support limits sustainability and long-term impact. Investment prioritisation 486 

for AMR surveillance generates critical baseline data on resistance prevalence, dissemination pathways, and 487 

potential risks to public health. AMR surveillance remains an important and essential endeavour to generate 488 

information for action to contain and control AMR. Strengthening coordinated One Health AMR surveillance will 489 

support evidence-based policies, improve regional preparedness, and contribute to global efforts to reduce the 490 

burden of antimicrobial resistance43. 491 

Taken together, the active surveillance strategies and sampling plans developed by the four countries demonstrate 492 

significant progress toward establishing robust One Health AMR surveillance systems in West Africa. If 493 

implemented as designed, these plans will generate high-quality, comparable AMR data across poultry, 494 

aquaculture, and environmental sectors. Shared priority species, similar methodological foundations, and 495 

multisectoral collaboration all provide a foundation for regional AMR trend analysis. However, sustained 496 

investment in laboratory capacity, harmonisation of sampling methodologies particularly for aquaculture and 497 
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environmental surveillance and practical considerations such as sample transport and workflow demand will be 498 

essential to ensure data reliability. 499 

  500 
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Table 1: Documentation used to inform this review provided for Ghana, Senegal, Sierra Leone and Nigeria. 512 

Country Documents 
Ghana NAP version 1.0 (2017-2021) 

Integrated Antimicrobial Resistance Surveillance Framework (2024-2034) (in draft) 
Nigeria NAP version 2.0 (2024-2028) 

National strategy, framework and protocol for antimicrobial resistance surveillance, data sharing and reporting in the 
animal health sector of Nigeria (2024-2028) 
Antimicrobial Resistance Surveillance Strategy and Protocol for the Environmental Health Sector (2024) 

Sierra Leone NAP version 1.0 (2018-2022) 
National Antimicrobial Resistance Surveillance and Antimicrobial Use Monitoring Strategy for Animal Health (2022) 
Protocol for Active Surveillance AMR in the Pigs Sector in Sierra Leone (2023) Protocol for Active Surveillance AMR 
in the Poultry Sector in Sierra Leone (2022) 
Protocol for Active AMR Surveillance in Aquaculture in Sierra Leone (2025) 
Protocol for Active AMR Surveillance in the Environmental Sector in Sierra Leone (2025) 

Senegal Senegal version 2.0 (2024-2028) 
Integrated antimicrobial resistance surveillance manual 
Monitoring AMR in effluents in Senegal 
Active Surveillance Protocol in Poultry Sector Senegal (2025) 
Active Antimicrobial Resistance Surveillance Protocol in Environment in Senegal (2025) 
Animal health is used to encompass the health of both terrestrial and aquatic animals (2025) 

 513 

 514 

Table 2: Overview of the animals selected for active antimicrobial resistance sampling in Ghana, Nigeria, 515 

Senegal and Sierra Leone. 516 

 

Country Layers Broilers Cattle Pig Goat Sheep Catfish Tilapia Oysters Crustaceans 

Ghana 
        

  

Nigeria 
        

  

Senegal 
   

   
    

Sierra Leone 
 

     
  

  

 517 
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 518 

Table 3: Environmental sample types selected for active antimicrobial resistance surveillance in Ghana, Nigeria, Senegal and Sierra Leone. 519 
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Table 4: Bacterial species selected for active antimicrobial resistance surveillance in poultry, aquaculture 521 

and environmental sectors in Ghana, Nigeria, Senegal and Sierra Leone. Data is presented by country and 522 

sector: poultry (chicken icon), tilapia (fish icon), and environment (waterdrop icon). Note, for Sierra Leone 523 

broilers are not included in the active surveillance and the tick represents active surveillance carried out in layers. 524 

 

S
ec

to
r
 

E
sc

h
e
ri

ch
ia

 c
o

li
 

S
a

lm
o

n
el

la
 s

p
p

. 

E
n

te
ro

co
cc

u
s 

sp
p

. 

V
ib

ri
o

 s
p

p
. 

A
er

o
m

o
n

a
s 

sp
p

. 

P
se

u
d

o
m

o
n

a
s 

sp
p

. 

S
tr

ep
to

co
cc

u
s 

sp
p

. 

K
le

b
si

el
la

 s
p

p
. 

C
a

m
p

yl
o

b
a

ct
er

 

sp
p

. 

S
ta

p
h

yl
o

co
cc

u
s 

sp
p

. 

A
ci

n
et

o
b

a
ct

er
 s

p
p

. 

C
lo

st
ri

d
iu

m
 s

p
p

. 

E
d

w
a

rd
si

el
la

 s
p

p
. 

S
h

ig
el

la
 s

p
p

. 

Ghana 

 
              

 
              

 
              

Nigeria 

 
              

 
              

               

Senegal 

 

   

           

 

  

 
  

 
 

       

 

   

    
 

      

Sierra 

Leone 

 

  

            

 

    

 

 

        

 

    

 
 

        

 525 

  526 



   

 

16 

 

Table 5 Continued: Comparison of antibiotic panels employed for antimicrobial susceptible testing of E. 527 

coli. Data is presented by country and sector: poultry (chicken icon), tilapia (fish icon), and environment 528 

(waterdrop icon). Antibiotics are grouped by class and priority indicated, according to WHO List of Medically 529 

Important Antimicrobials. Colour key: Blue, Only for human health; Red, Critically Important Antibiotic; Orange, 530 

Highly Important Antibiotic; Yellow, Important Antibiotic.  531 

Antibiotic Class Antibiotic Priority Ghana Nigeria Senegal Sierra Leone 

Sector             
Aminoglycoside Gentamicin              

Amikacin              

Amphenicol Chloramphenicol              
Carbapenem Meropenem/Imipenem              

Ertapenem              
 
 
Cephalosporins 

Cefepime              
Cefotaxime              

Ceftazidime              

Cefoxitin              

Cefalexin              

Ceftriaxone              
 
 
 
Penicillin 

Ampicillin              
Amoxicillin-
Clavulanic Acid 

             

Piperacillin-
Tazobactam 

             

Temocillin              

Ticarcillin              

Ticarcillin-Clavulanic 
Acid 

             

 
 
Quinolone 

Ciprofloxacin              
Nalidixic Acid              
Pefloxacin              
Levofloxacin              

Enrofloxacin              
Oxolinic Acid              

Lipopeptide Colistin              
Sulphonamide Co-trimoxazole              
Tetracycline Tetracycline              
Macrolide Erythromycin              

Folate Trimethoprim              

Phenicol Florfenicol              

Fosfomycin Fosfomycin              

Nitrofuran Nitrofurantoin              

  532 
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