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Abstract 

Genomics is increasingly utilised across Africa to address pressing public health challenges, including antimicrobial resistance 

(AMR). However, the continent's capacity for sequence data analysis and interpretation remains limited, particularly outside 

research institutions. To bridge this gap, we conducted a virtual bioinformatics training program in Nigeria, targeting hospital 

laboratory staff, medical personnel, and field epidemiologists, to build capacity for genome sequence analysis and interpretation. 

The training consisted of two modules: Module 1 introduced sequencing technologies, AMR prediction, bacterial typing, and 

phylogenetics using web-based tools, while Module 2 focused on command-line tools and piloted Nextflow Tower for 

decentralized sequence analysis. Post-course and follow-up surveys assessed the program’s impact. Twenty-two participants 

from nine institutions completed Module 1, with ten from six institutions progressing to Module 2. Interactive sessions facilitated 

knowledge retention, with 83.3% of participants rating Module 2 as highly relevant. The Nextflow Tower platform facilitated 

cost-effective bacterial genome analysis ($0.0026 per genome). While confidence in web-based tools improved significantly, 

challenges remained in adopting command-line tools. Feedback highlighted the effectiveness of pre-recorded lectures, 

interactive engagement, and decentralized analysis platforms. This training program enhanced bioinformatics capacity among 

Nigerian public health professionals, highlighting the feasibility of implementing centralized sequencing with decentralized 

bioinformatics analysis in resource-limited settings. Furthermore, it highlights the importance of prioritizing introductory 

bioinformatics and web-based tools as a foundation for building long-term genomic surveillance capacity. 
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1. Introduction 

The rapid advancement of next-generation sequencing 

(NGS) technologies has transformed microbial genomics, 

providing unmatched insights into the epidemiology, trans-

mission, and evolution of infectious diseases [1-3]. The global 
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significance of NGS became particularly evident during the 

COVID-19 pandemic, where its integration into public health 

systems enhanced outbreak detection, informed infection 

prevention strategies, and accelerated progress toward per-

sonalized medicine and improved patient care [4-6]. As these 

technologies continue to evolve, NGS is expected to play an 

increasingly prominent role in clinical decision-making and 

public health [7, 8]. 

Despite its potential, the adoption of NGS in low- and 

middle-income countries (LMICs), including Nigeria, re-

mains limited due to barriers such as inadequate bioinfor-

matics capacity, insufficient infrastructure, and lack of insti-

tutional support [9-12]. Among these challenges, building 

bioinformatics capacity stands out as a critical but solvable 

issue. Training a workforce skilled in bioinformatics is es-

sential for empowering LMICs to conduct genomic-informed 

pathogen surveillance and monitor antimicrobial resistance 

(AMR) [8, 10]. 

National and international initiatives have increasingly 

prioritized this need, with programs like H3Africa, the Africa 

Pathogen Genomics Initiative (Africa PGI), and the African 

Bioinformatics Institute leading efforts to expand bioinfor-

matics expertise across the continent [13-15]. These initia-

tives, supported by organizations such as the Africa CDC, 

have enabled countries to leverage genomic data for public 

health interventions. However, persistent challenges such as 

visa restrictions, limited funding, and high travel costs often 

hinder access to these opportunities, particularly for individ-

uals in remote regions [16, 17]. Within Nigeria, even domestic 

travel costs can prevent participation in training programs 

outside local areas. 

The Nigerian National Action Plan to combat AMR iden-

tified bioinformatics capacity development as a cornerstone 

for achieving robust genomic surveillance within hospitals 

and communities [18]. The Global Health Research Unit for 

Genomic Surveillance of Antimicrobial Resistance 

(GHRU-GSA), Nigeria, hosted at the University of Ibadan, 

plays a pivotal role in supporting the Nigeria Centre for Dis-

ease Control and Prevention’s (NCDC) AMR surveillance 

efforts. By generating valuable sequencing data and associ-

ated reports, GHRU Nigeria drives genomic surveillance of 

multidrug-resistant and high-priority pathogens, contributing 

significantly to the country’s AMR response [19-22]. Typi-

cally, isolates collected from sentinel healthcare facilities 

nationwide are processed at the National AMR Reference 

Laboratory at the University College Hospital, Ibadan, before 

being sent to the GHRU Nigeria genomics laboratory for 

whole genome sequencing. The resulting sequences are ana-

lyzed by resident GHRU Nigeria bioinformaticians, adhering 

to national AMR surveillance protocols and the specific re-

quirements of sentinel sites. Despite these efforts, bioinfor-

matics expertise within Nigeria remains largely centralized 

within GHRU Nigeria and a handful of other genomics cen-

tres. Disseminating these skills across Nigeria is critical to 

ensuring that genomic data is efficiently analyzed and trans-

lated into actionable insights that inform national policies and 

guidelines. Furthermore, equitable distribution of expertise is 

vital to addressing biases toward hospital-derived data, en-

suring that surveillance efforts encompass all geographic 

regions and include non-human niches. 

Historically, bioinformatics capacity-building initiatives in 

Nigeria have overlooked key personnel such as clinical mi-

crobiologists, who manage patients directly, medical labora-

tory scientists, who generate data in clinical microbiology 

laboratories, and field epidemiologists, who are critical to 

public health surveillance [23, 24]. This gap has limited hos-

pitals and public health institutions from fully utilizing ge-

nomic information for infection prevention and control. To 

ensure that genomic technologies make a meaningful and 

sustainable impact, they must be accompanied by training 

programs tailored to local contexts. Such programs must 

equip individuals with the skills to independently analyze and 

interpret NGS data, fostering long-term capacity at all levels. 

We organized a targeted, virtual bioinformatics training 

course in Nigeria for hospital laboratory staff, medical per-

sonnel, and field epidemiologists. This training aimed to 

bridge the knowledge gap by equipping participants with 

foundational skills for genome sequence analysis and inter-

pretation. The goal was to enable local experts to generate 

biologically relevant insights that could guide infection pre-

vention and control practices in their institutions. Focusing on 

in-country capacity building, the initiative provided an entry 

point for key personnel to contribute directly to ge-

nomic-informed AMR surveillance. 

2. Methodology 

2.1. Ethical Considerations 

We taught a bioinformatics training course held in two 

modules between August 16, 2021, and October 27, 2021, and 

initiated research to study the impact of the course on August 

1, 2022. The research study received ethical approval from the 

UI/UCH Ethics Committee, with reference number 

UI/EC/22/0084, before any research tasks commenced. 

Written informed consent was obtained from all participants 

prior to their involvement in the study. 

2.2. Participant Recruitment 

The Nigeria Centre for Disease Control (NCDC) oversees 

antimicrobial resistance (AMR) surveillance activities in 

sentinel hospital laboratories as part of the national action 

plan on AMR. In collaboration with NCDC, sentinel hospital 

laboratories were invited to nominate at least one staff 

member to participate in a virtual bioinformatics training 

workshop. Selected participants in the Nigeria Field Epide-

miology and Laboratory Training Program (NFELTP) were 

also invited. The workshop was hosted by GHRU-GSA Ni-

geria, Department of Pharmaceutical Microbiology, Faculty 
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of Pharmacy, University of Ibadan, Oyo State, Nigeria, to 

equip participants with the skills to integrate genomics into 

clinical microbiology. 

2.3. Training Module 1: Virtual Bioinformatics 

Workshop (Web-based) 

The first virtual bioinformatics training course (Module 1) was 

conducted from August 16 to 25, 2021 (Figure 1). It served as an 

entry point for hospital laboratory scientists and epidemiologists 

to gain proficiency in online bioinformatics tools for AMR 

pathogen surveillance. The workshop curriculum introduced 

participants to key bioinformatics topics essential for AMR 

surveillance, including whole-genome sequencing (WGS), 

quality control, species identification, phylogenetic analysis, 

bacterial sub-typing, plasmid detection, and AMR and virulence 

gene prediction. The content was designed to be relevant, 

up-to-date, and of high quality, leveraging sound educational 

theories learned by trainers during a train-the-trainer course at the 

Wellcome Sanger Institute in 2019 [25]. 

 
Figure 1. Flowchart of activities from course design to the follow-up survey. 

2.4. Training Format and Delivery 

To address potential challenges with internet connectivity 

or other unforeseen occurrences during the virtual training, a 

hybrid delivery approach was adopted: 

Pre-recorded lectures: Trainers recorded their sessions in 

advance, ensuring high-quality content delivery. Furthermore, 

trainers activated webcams during recordings to maintain a 

personal connection and motivate participants. 

Live demonstrations and hands-on sessions: Live sessions, 

conducted via Zoom or Gather Town, included practical 

demonstrations followed by hands-on exercises. 

Recorded sessions: All Zoom sessions were recorded, and 

links were shared with participants at the end of each work-

shop day for review. 

Participants used publicly available web-based tools such 

as the Centre for Genomic Epidemiology Platform [26, 27] 

and Pathogenwatch [28, 29] during this module. These tools 

were selected for their high quality, active maintenance and 

development, usefulness for analysing a wide variety of spe-

cies of public health importance, and the comprehensive bi-

oinformatics functionalities they offer. In addition, their ac-

cessibility, user-friendly interfaces, and minimal computa-

tional and connectivity requirements makes them suitable for 

settings with limited internet bandwidth. Participants from 

sentinel facilities in the Nigeria Antimicrobial Surveillance 

Network (NASN) were provided with whole genome se-

quence data of isolates submitted by their respective institu-

tions to GHRU. This approach ensured that the exercises were 

both relevant and personalized. For participants from institu-

tions not yet enrolled in NASN, publicly available genome 

datasets were provided. Assignments were given at the end of 

each training day to reinforce learning, and trainers were 

available on Gather Town during work hours (8:00 to 17:00) 

to address participant queries. Each training session lasted 

approximately three hours per day (8:45 – 11:30/12:00). 

Participants who completed assignments during or after 

Module 1 were considered for continued training, as assign-

ment completion was used as a metric for engagement and 

commitment. 

2.5. Training Module 2: Virtual Bioinformatics 

Workshop (Command-line Based) 

The second training module was conducted from October 

18 to 27, 2021 (Figure 1). This module built on the founda-

tional concepts introduced in Module 1, focusing on the use of 

bioinformatics tools and pipelines on the command-line and 

on Nextflow Tower (now Seqera Platform). Participants were 

introduced to the benefits and practical use of command-line 

tools for bioinformatics analysis, replicating tasks previously 

performed in the first training module. 

2.6. Nextflow Tower Architecture for 

Decentralised Bioinformatics Analysis 

During Module 2, we piloted a decentralised sequence data 
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dissemination and analysis architecture as an alternative to the 

current model of sequence data flow and analysis in the Nige-

rian AMR surveillance system. This architecture utilised Am-

azon Web Services (AWS) for computational and data storage 

services, alongside the pipeline deployment and execution 

functionalities offered by the Nextflow Tower platform (now 

Seqera Platform). Using custom AWS IAM policies and access 

restrictions, users from all sentinel sites were granted pro-

grammatic and password-based access to their respective sen-

tinel site data directories within a dedicated S3 bucket. A 

scalable compute environment was also configured using AWS 

batch, with default settings except for setting instances to ‘spot’ 

and the allocation strategy set to 

‘SPOT_CAPACITY_OPTIMIZED’. Next, to facilitate pro-

grammatic pipeline deployment and execution, we set up an 

administrative user with full access to the S3 buckets and con-

figured compute environment. This user was granted permis-

sions specified in the Nextflow Tower AWS Batch Forge pol-

icy (available at 

https://github.com/seqeralabs/nf-tower-aws/tree/master/forge). 

For the pilot, we forked the existing GHRU AMR predic-

tion pipeline 

(https://gitlab.com/cgps/ghru/pipelines/dsl2/pipelines/amr_pr

ediction) and modified it to ensure compatibility with the 

Nextflow Tower set up 

(https://gitlab.com/bioinfo_erkison/amr-prediction-twr). This 

pipeline used the ARIBA tool [30] for AMR prediction, using 

the acquired AMR gene and PointFinder databases of the 

National Center for Biotechnology Information [31] Addi-

tionally, the hAMRonization tool [32] was integrated into the 

pipeline to enable standardized AMR gene reporting. The 

modified pipeline was then deployed to the Nextflow Tower 

platform. 

In the decentralised sequence data flow and analysis model 

(Figure 2), bioinformaticians at the central genomics refer-

ence laboratory upload raw sequence data for each sentinel 

site to their respective access-protected directories on AWS, 

ensuring secure, decentralised access to their sequence data 

while maintaining data privacy. The central bioinformaticians 

also develop, deploy, and update Nextflow pipelines for se-

quence analysis within the Nextflow Tower workspace. Users 

with appropriate access credentials can then launch these 

deployed pipelines on specified datasets through the Nextflow 

Tower interface, configuring the pipeline parameters as 

needed. To retrieve analysis results, users can connect to the 

AWS S3 buckets using tools such as Cyberduck 

(https://cyberduck.io/), which supports secure file transfer 

protocols (e.g., SFTP). Importantly, users can also access 

their raw sequence data via FTP using Cyberduck or other 

compatible FTP clients. 

 
Figure 2. The Nextflow Tower (Seqera Platform) Architecture. This involves deployment and maintenance of Nextflow pipelines on AWS Cloud 

computing by the Central Bioinformatician, and the initiation of analysis and retrieval of analysis results by the sentinel bioinformatician. 

Using the Nextflow Tower platform, all Module 2 partici-

pants securely accessed and analyzed their genome sequence 

data and generated standardized AMR reports. As in Module 1, 

we used Gather Town to facilitate hands-on exercises and re-

al-time trainer support, collaboration among participants to 

exchange AMR genomic surveillance results, and the visuali-

zation of the potential impact of regular data exchange beyond 

training sessions. 

2.7. Post-Course Survey and Follow-Up Survey 

Two surveys were conducted at different intervals to 

evaluate the impact and effectiveness of the training. After 

Module 2, a post-course survey was distributed via Sur-

veyMonkey to assess the usefulness of the topics covered, 

participants’ level of satisfaction, whether their expectations 

were met, and their confidence in applying the skills gained. 

A follow-up survey was conducted one year after the 

completion of Module 2 to assess the long-term impact of the 

training. Likert-scale and binary responses were visualised 

using the HH (v3.1.52) package [33] in R (v4.2.3) [34], 

providing insights into the training's strengths and areas for 

enhancement. 
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2.8. Provision of Equipment 

To address the challenge of inadequate resources for ge-

nomic surveillance in sentinel hospitals, laptops and essential 

accessories were provided to each sentinel site and to 

NFELTP participants at the end of the training modules. Each 

laptop featured an Intel(R) Core™ i5-10210U processor 

(1.60GHz – 2.11GHz), a 64-bit operating system, and 

x64-based architecture, ensuring compatibility with bioin-

formatics tools. The availability of laptops ensured partici-

pants were adequately prepared to begin integrating genomics 

into routine clinical microbiology practices. 

 

3. Results 

3.1. Participant’s Socio-demographic 

Characteristics and Professional 

Qualification 

A total of 22 participants from ten public health institutions 

across six states participated in the first virtual bioinformatics 

training (Figure 3A). Of these, ten (~45%) were medical pro-

fessionals, while the rest were either field epidemiologists (n = 

3), medical laboratory scientists (n = 8), or research scientists (n 

= 1). Ten (~45%) of the twenty-two participants were female. 

All participants had a minimum educational qualification of a 

BSc, demonstrating high academic achievement. 

 
Figure 3. Number of individuals from sentinel sites in the country that participated in the first (A) and second (B) virtual bioinformatics 

workshop. 
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Of the twenty-two participants who joined the first virtual 

bioinformatics training, ten moved on to the second virtual 

bioinformatics training, and they were from 6 public health 

institutions in five states (Figure 3B). This group included 

medical laboratory scientists (n = 5), medical professionals (n 

= 2), field epidemiologists (n = 2), and a research scientist (n = 

1). Of these, six participants (60%) were female. 

3.2. Pilot Implementation of the Nextflow Tower 

Platform 

Using the Nextflow Tower platform on AWS cloud com-

puters, the average cost to complete the AMR prediction 

pipeline for one Escherichia coli genome was $0.0026 USD, 

with an average completion time of 2.5 minutes (Figure 4). 

 
Figure 4. Computational efficiency in the AWS cloud infrastructure. Boxplots show the execution times for each task in the AMR prediction 

pipeline run on nine (9) Escherichia coli genomes. Overall execution time, physical memory usage, single core CPU usage, and computation 

costs are highlighted on the left of the plots. 

3.3. Post-Course Survey 

Seven out of ten participants responded to the post-course survey, providing valuable insights into their experiences (Figure 5). 

Overall, participants reported high satisfaction with the workshop content, delivery, and structure. The interactive format, cou-

pled with practical exercises using freely available web-based and command-line tools, significantly enhanced engagement and 

learning. On a scale of 1 to 10, the perceived benefit of the course averaged 9.57. 

 
CLI – Command Line; NT: Nextflow Tower 

Figure 5. Summary of post-workshop survey results showing A.) Usefulness of covered topics, B.) Confidence in skills gained, and C.) 

Knowledge application. 
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Participants described the workshops as "insightful," 

"simple," "hands-on," and "well-explained," noting that the 

tools and resources were highly applicable to their work. The 

Gather Town platform was particularly appreciated for fos-

tering collaboration and ensuring no participant was left be-

hind, especially during sessions where Zoom lectures could 

feel overwhelming. Trainers were commended for their pa-

tience and willingness to address questions thoroughly. 

A strong majority (>90%) found the web-based tools highly 

useful. However, the utility and confidence in using com-

mand-line tools were lower (~50%), with many participants 

expressing the need for additional practice to build proficiency. 

Confidence in using the Nextflow Tower platform also improved 

significantly by the end of the course, though some participants 

suggested extending training sessions on both the command-line 

interface and Nextflow to solidify their skills. 

All participants reported sharing the knowledge gained with 

colleagues in their respective institutions, with over 60% suc-

cessfully applying these skills in their professional and personal 

work. One participant particularly appreciated the short dura-

tion of daily sessions, which helped maintain focus and prevent 

fatigue. 

Participants also highlighted a few areas for improvement. 

One suggestion was to provide notifications for the course 

well in advance, allowing participants to secure training leave 

or arrange for duty exemptions. Several participants preferred 

physical training sessions to address the challenges posed by 

unreliable internet connections, which occasionally hindered 

full participation during virtual sessions. 

3.4. Follow-up Survey 

 
CLI – Command Line; NT: Nextflow Tower 

Figure 6. Summary of 1-year follow-up survey results showing A.) Application of knowledge gained B.) Usefulness of covered topics in 

work/research C.) Confidence in skills gained. 
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A follow-up survey conducted a year after the workshop 

had six out of ten participants responding. Respondents re-

ported continued utility of the training, with most applying the 

knowledge gained to their work, sharing it with colleagues, 

and enhancing AMR surveillance efforts. Five participants 

rated the course as highly useful for providing practical ex-

perience and insights into modern research (Figure 6A). 

Almost all respondents agreed that the training positively 

impacted their career progression, aiding in manuscript pub-

lication, fostering collaboration, and expanding professional 

networks (Figure 6A). Examples of skill application included 

assisting colleagues with sequence data analysis using online 

tools, interpreting molecular datasets from literature, drafting 

WGS protocols for postgraduate dissertations, and interpret-

ing Global Antimicrobial Resistance and Use Surveillance 

System (GLASS; https://www.who.int/initiatives/glass) re-

ports for their facilities. 

Despite these successes, some participants faced challenges, 

particularly in applying command-line tools (Figure 6B and 

Figure 6C). Many indicated a preference for online tools due 

to their ease of use. However, one participant demonstrated 

the potential for practical application by using command-line 

skills during an observership at a reference laboratory in 2022. 

Participants also disseminated their knowledge, sharing skills 

such as building phylogenetic trees, developing protocols for 

the Nextflow platform, and organizing training sessions using 

web-based tools like Microreact [35] and Pathogenwatch. 

4. Discussion 

This study aimed to evaluate the outcomes of two virtual 

bioinformatics training workshops conducted in 2021, de-

signed to provide foundational bioinformatics skills to hos-

pital laboratory staff and field epidemiologists in Nigeria. The 

overarching goal was to bridge the gap between the growing 

need for genomic surveillance of AMR and the lack of com-

putational infrastructure, bioinformatics expertise, and insti-

tutional support. This initiative was informed by our experi-

ence co-teaching two SEQAFRICA 

(https://www.food.dtu.dk/english/topics/antimicrobial-resista

nce/seqafrica) bioinformatics training workshops in early 

2021, where we recognized the enthusiasm of Nigerian public 

health workers to acquire bioinformatics expertise despite 

systemic challenges. Additionally, we recognized a gap in 

bioinformatics training within Nigeria, as many previous 

programs focused on researchers or academic institutions, 

with little emphasis on public health personnel or field epi-

demiologists, who are essential for AMR surveillance and 

genomic public health interventions. Most training initiatives 

also lacked a practical framework for real-world applications 

in resource-limited settings and did not explore scalable so-

lutions, such as cloud-based platforms, for decentralized bi-

oinformatics analysis. This study sought to fill this gap by 

offering tailored, practical bioinformatics training that di-

rectly addressed the needs of public health professionals in 

Nigeria. 

One of the workshop's key successes was the involvement 

of highly skilled and experienced trainers. Several trainers 

had benefited from participation in the Wellcome Genome 

Campus Train-the-Trainer program in 2019 [25], while others 

were seasoned bioinformatics practitioners with strong 

backgrounds in molecular biology and next-generation se-

quencing. This foundational expertise contributed signifi-

cantly to the quality of the workshops. The workshops also 

provided opportunities for capacity building among volunteer 

staff, many of whom were PhD candidates or postdoctoral 

researchers. Their involvement in behind-the-scenes logistics 

and teaching roles enriched their professional development 

[36] and self-confidence [37], aligning with the broader goal 

of expanding educational capacity within the bioinformatics 

field. We shared our success story on the Public Health Al-

liance for Genomic Epidemiology’s website 

(https://pha4ge.org/articles/pha4ge-amr-sub-award-success-s

tory-team-nigeria/). 

The integration of pre-recorded lectures and interactive 

sessions via Zoom and Gather Town addressed the challenges 

posed by poor internet connectivity, a common barrier in 

resource-limited settings. This approach not only reduced 

redundancy in content delivery but also allowed participants 

to revisit lecture materials as needed, enhancing their learning 

experience. By combining this innovative instructional 

method with the use of cloud-based platforms like Nextflow 

Tower for bioinformatics analysis, the training demonstrated 

the feasibility of leveraging modern, cost-effective tools for 

genomic research in resource-constrained environments. 

While the specific functionalities of Nextflow Tower have 

evolved since the study, the overarching model of integrating 

centralized sequencing hubs with decentralized bioinformat-

ics capacity remains valid, underscoring its adaptability for 

scalable genomic surveillance. This learning model holds 

promise for broader adaptation to similar settings globally. 

Despite the successes, several areas for improvement 

were identified. One notable issue was the pre-course quiz, 

administered via SurveyMonkey. While it was intended to 

gauge participants' readiness and knowledge of molecular 

biology, it is likely that some participants might have used 

internet resources to complete the quiz. This could have led 

to the selection of individuals who lacked foundational 

molecular biology knowledge, which subsequently made it 

challenging for them—and at times their peers—to keep 

pace during the training. While monitoring completion times 

provided some insights, future iterations would benefit from 

more robust and secure assessment methods to ensure that 

participants possess the requisite background knowledge. To 

address this gap, we developed a pre-assessment and a 

foundational "Module Zero" to better prepare future partic-

ipants that self-select to take it and have potential partici-

pants take pre-course quiz after module 0 has been delivered. 
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Another issue was the low retention rate, with only 10 out of 

22 participants advancing to Module 2. Participants who 

completed assignments during or after Module 1 were con-

sidered for continued training, as assignment completion 

was used as a metric for engagement and commitment. Only 

10 met the criteria, suggesting that workload, competing 

professional responsibilities, or difficulties in keeping up 

with the course material may have contributed to attrition. 

To improve retention, future workshops will incorporate 

structured mentorship, flexible pacing, and additional sup-

port resources to help participants balance training with 

professional responsibilities. 

Participant feedback revealed that while web-based tools 

were widely appreciated, confidence in using command-line 

tools remained low. This suggests the need for longer and 

more focused sessions to build participants’ confidence and 

competence in this area. Additionally, limited access to da-

tasets hindered some participants from applying their skills, 

highlighting a systemic barrier that training programs alone 

cannot resolve. Notably, one participant successfully imple-

mented command-line tools during an observership, illus-

trating the potential for practical application when adequate 

support is provided. Expanding the duration of training pro-

grams and incorporating more structured, hands-on practice 

sessions could further bridge the gap between basic users and 

advanced bioinformatics practitioners. 

Looking ahead, we aim to organize regular training ses-

sions to expand the pool of skilled personnel capable of ge-

nomic surveillance of AMR. Equivalent Modules 1 and 2 

have been taught to other audiences, preceded by a module 0. 

A third bioinformatics module focusing on advanced se-

quence data analysis and interpretation is planned, further 

enhancing participants' capabilities. Following this, a dedi-

cated train-the-trainer program will empower participants to 

become instructors, creating a multiplier effect to expand 

bioinformatics expertise at local, regional, and national levels. 

To ensure standardization and quality, we plan to implement 

external quality assurance measures and work toward the 

accreditation of sentinel laboratories. Efforts are also under-

way to make analysis pipelines more accessible via the 

evolved Seqera platform (formerly Nextflow Tower), which 

will cater to public health practitioners with limited com-

mand-line experience. Ensuring sustainability and scalability 

will require securing funding for storage and computation 

costs on cloud platforms like Amazon Web Services. 

Our study bridges the critical gap in bioinformatics training 

by targeting hospital laboratory staff, medical personnel, and 

field epidemiologists—key stakeholders in AMR surveillance. 

By integrating foundational and advanced genomic analysis 

training with practical applications, we have demonstrated a 

replicable model for enhancing genomic capacity in public 

health. Furthermore, the introduction of the Nextflow Tower 

platform (now Seqera platform) offers an innovative solution 

to decentralizing bioinformatics analysis while leveraging 

centralized sequencing hubs. This approach enables 

cost-effective and scalable genomic data processing tailored 

to the needs of resource-limited settings. Our focus on 

web-based tools as entry points for professionals with varying 

expertise ensures broader accessibility and inclusivity. The 

study also emphasizes sustainability by fostering 

train-the-trainer models and planning for future advanced 

modules, laying the groundwork for long-term capacity 

building in Nigeria and beyond. 

This study highlights the importance of tailored bioinfor-

matics training programs for public health personnel in low- 

and middle-income countries, especially those engaged in 

AMR surveillance and outbreak response. The successful 

implementation of our training program underscores the po-

tential for scaling similar initiatives regionally and globally, 

fostering knowledge dissemination and creating a network of 

skilled professionals to address critical public health chal-

lenges. Policymakers and global health stakeholders can lev-

erage the findings of this study to invest in sustainable bio-

informatics capacity building as a cornerstone of genomic 

public health preparedness. Future research should focus on 

evaluating the long-term impact of such training initiatives on 

genomic surveillance outcomes and exploring advanced 

modular training for more complex analyses. 

Finally, we emphasize that with creativity and dedication, 

initiatives like this can succeed in resource-limited settings. 

By focusing on accessible introductory tools and leveraging 

the growing availability of advanced web-based platforms, we 

can further democratize bioinformatics education and prepare 

the next generation of professionals to respond effectively to 

future outbreaks and pandemics. 
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