HIV-1 Genomic Surveillance Pipeline in
Nigeria

1. Introduction

This review examines the proposed project to establish a comprehensive pipeline for
ethical collection, next-generation sequencing, and analysis of HIV-1 genomic data across
diverse patient populations in Nigeria. As antiretroviral therapy (ART) scales up in sub-
Saharan Africa, the dual pressures of drug resistance emergence and substantial viral
subtype variation pose significant public health risks. High-throughput sequencing (HTS)
can elucidate viral evolution, detect resistance mutations early, and inform targeted
interventions. By critically assessing the project’s rationale, objectives, methodology,
expected outcomes, partnerships, and funding strategy, this review aims to highlight
strengths, identify potential gaps, and offer recommendations that can optimize
implementation and long-term impact.

2. Background & Rationale

The expansion of ART coverage in Nigeria, alongside many sub-Saharan African countries,
has transformed HIV from an acute fatal disease into a manageable chronic condition.
However, widespread ART use also exerts selection pressure on HIV populations, leading
to the emergence of drug-resistant strains. Furthermore, Nigeria’s diverse HIV-1 subtype
landscape—including subtypes A, G, and circulating recombinant forms—complicates
treatment efficacy and epidemiological surveillance. Traditional phenotypic assays and
Sanger sequencing provide valuable snapshots of resistance but lack the throughput and
resolution to capture the full spectrum of viral diversity in real time.

High-throughput sequencing technologies such as Illumina and Oxford Nanopore have
matured to offer comprehensive viral genome coverage, rapid turnaround, and cost-
efficiency in moderate to high-throughput settings. These platforms enable parallel
processing of hundreds of samples, detection of low-frequency variants, and deep
inference of phylogenetic relationships. By integrating HTS into a standardized pipeline for
HIV-1 genomic surveillance, researchers and policymakers can obtain high-resolution
maps of circulating lineages, identify nascent resistance mutations, and track



transmission patterns across regions. This capacity is critical for updating ART guidelines,

tailoring interventions to local epidemic dynamics, and strengthening Nigeria’s broader

genomic surveillance infrastructure.

3. Project Objectives

The project’s strategic objectives are clearly defined to address the twin challenges of HIV

subtype heterogeneity and emergent drug resistance in Nigerian clinical settings.

Clinical and Demographic Data Collection Enroll approximately 1,000 HIV-
positive individuals across four regional health centers—General Hospital Omoku,
Clarion Medical Limited, Nasarawa Teaching Hospital, and a tertiary center—to
capture representative demographic and clinical profiles stratified by age, sex, and
ART regimen.

Next-Generation Sequencing for Subtype and Resistance Profiling Extract viral
RNA, perform cDNA synthesis and library preparation, and sequence full HIV-1
genomes using Illumina or Oxford Nanopore platforms. Analyze sequence reads to
identify circulating subtypes, recombinant forms, and known drug-resistance
mutations.

Secure, Anonymized Genomic Database Creation Develop a robust data
governance framework that ensures participant de-identification, ethical data
sharing, and interoperability. Host processed genomic data and metadataina
secure repository accessible to authorized public health researchers and
policymakers.

Data-Driven Surveillance for ART Guideline Updates Leverage the generated
genomic map to inform national and regional ART policy revisions. Provide real-time
insights into shifting resistance patterns, enabling adaptive treatment guidelines
and targeted public health interventions.

These objectives collectively align to produce actionable intelligence that enhances

patient care, informs national guidelines, and lays the foundation for sustainable genomic

surveillance capabilities in Nigeria.



4. Methodology

4.1 Sample Collection and Participant Enrollment

A prospective cohort of 1,000 consenting HIV-positive individuals will be recruited at four
geographically and demographically distinct clinical sites. Enrollment will be stratified by:

e Age groups (12-24, 25-49, 50+)
e Biological sex (male, female, other)
e ARTregimen categories (first-line, second-line, salvage therapy)

Voluntary informed consent will be obtained following National Health Research Ethics
Committee (NHREC) protocols. Participants will provide blood samples via venipuncture
or finger-prick, alongside completion of a standardized clinical and demographic
questionnaire administered by trained study staff.

4.2 Laboratory Pipeline

The laboratory workflow adheres to established molecular virology best practices,
encompassing:

1. RNA Extraction Utilize silica-membrane or magnetic bead kits to isolate high-
quality viral RNA from plasma samples. Include negative extraction controls to
monitor contamination.

2. cDNA Synthesis Perform reverse transcription using gene-specific primers
covering the HIV-1 genome. Implement rigorous clean-room procedures to prevent
amplicon carryover.

3. Library Preparation Prepare sequencing libraries using fragmentation, end-repair,
adapter ligation, and indexing steps. Opt for dual indexing to minimize sample
misassignment.

4. Sequencing

a. IWumina Platform: High-accuracy short reads (~150 bp, paired-end) for
robust variant calling.

b. Oxford Nanopore Platform: Long reads offering contiguous genome
assembly and structural variant detection. Balancing cost, throughput, and
error profiles will guide platform selection for subsets of samples.



4.3 Bioinformatics Analysis

A standardized computational pipeline will process raw sequencing data to actionable
insights:

¢ Quality Control Remove adapter sequences, filter low-quality reads, and trim host-
derived contaminants. Use tools such as FastQC and Cutadapt.

e Alignment Map filtered reads against a reference HIV-1 genome panel representing
major Nigerian subtypes. Employ aligners like BWA or Minimap2 depending on read
length.

e Variant Calling Identify single nucleotide polymorphisms (SNPs),
insertions/deletions (indels), and low-frequency variants using callers such as
LoFreq or samtools mpileup. Implement frequency thresholds (e.g., 21%) to detect
minority resistance mutations.

e Phylogenetic Reconstruction Generate multiple sequence alignments, infer
phylogenetic trees (e.g., with RAXML or IQ-TREE), and perform molecular clock
analysis to elucidate transmission clusters and temporal dynamics.

e Resistance Profiling Annotate variants against established resistance databases
(e.g., Stanford HIV Drug Resistance Database) to flag known and novel mutations
impacting ART efficacy.

4.4 Data Protection and Governance

Protecting participant confidentiality and ensuring ethical use of genomic data are
paramount. The project willimplement:

e Full de-identification of sample metadata prior to database integration.

e Role-based access controls and data encryption at rest and in transit.

e Data use agreements defining permissible analyses and publication guidelines.

e Compliance checks with NHREC, Nigeria Data Protection Regulation (NDPR), and
applicable international frameworks such as GDPR for collaborative partners
abroad.

5. Expected Outcomes and Impact

The project anticipates delivering several high-value outputs with immediate and long-term
benefits:



High-Resolution Genomic Map A comprehensive dataset detailing circulating HIV-
1 lineages, recombinant forms, and subtypes across Nigerian regions.

ART Resistance Marker Identification Region-specific resistance mutation
profiles that can guide personalized treatment regimens and highlight the need for
updated first- and second-line therapies.

Genomic Database Infrastructure A secure, scalable repository that empowers
public health researchers, clinicians, and policymakers to query de-identified
genomic and clinical metadata for epidemiological and translational research.
Capacity-Building Hands-on training workshops in molecular virology, NGS library
preparation, and bioinformatics analysis for local laboratory personnel and data
scientists—strengthening Nigeria’s human capital in genomic surveillance.

Policy Influence Data-driven recommendations for the revision of national ART
guidelines, evidence-based advocacy forincorporating routine resistance
monitoring, and potential integration into WHO and PEPFAR-supported
frameworks.

Regional and Global Collaboration A model pipeline that can be adapted by
neighboring countries, fostering cross-border data sharing and regional outbreak
preparedness.

Collectively, these outcomes promise to enhance patient outcomes through timely ART

optimization, bolster public health interventions during outbreaks, and cement Nigeria’s

leadership in HIV-1 genomic surveillance in Africa.

6. Partnership & Funding Strategy

6.1 Lead Institution and Clinical Collaborators

MacSigro BioTech Limited will oversee project coordination, laboratory workflows,
data management, and regulatory liaison.

Clinical Sites:

General Hospital Omoku (urban cohort recruitment)

Clarion Medical Limited (mixed inpatient/outpatient sampling)

Nasarawa Teaching Hospital (semi-rural community outreach)

A designated tertiary care center (specialized ART clinics)
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6.2 Ethics Oversight

e National Health Research Ethics Committee (NHREC): Primary IRB oversight,
ensuring alignment with national ethical standards.

e Local Site IRBs: Complementary reviews at each clinical site to address context-
specific considerations such as language, culture, and consent literacy.

6.3 Potential Donors and Funding Mechanisms

¢ NIH-Fogarty International Center: Capacity-building grants for international
research collaborations.

e WHO Special Programme for Research and Training in Tropical Diseases (TDR):
Support for strengthening laboratory and surveillance networks.

e Bill & Melinda Gates Foundation: Program grants for global health innovations and
resistance monitoring.

e H3Africa Consortium: Networking and infrastructure support for genomic research
in Africa.

A diversified funding portfolio will enhance project resilience and facilitate scale-up
beyond initial pilot phases. Early engagement with funders to co-design budget lines
(equipment, personnel, training, data infrastructure) will ensure transparency and
alignment with donor priorities.

7. Strengths and Innovations

7.1 Technical Innovation

e Dual-Platform Sequencing: Leveraging both Illumina and Oxford Nanopore
optimizes accuracy and contiguity for comprehensive variant detection.

e Nanopore Real-Time Analysis: Potential for same-day turnaround in portable or
decentralized labs.

7.2 Ethical Rigor and Data Governance
e Detailed de-identification protocols, encryption standards, and data-use

agreements exceed minimal compliance, fostering trust among participants and
stakeholders.



7.3 Human Capacity Development

e Embedded training and “train-the-trainer” models will leave a lasting skill base in
molecular virology and bioinformatics within participating institutions.

7.4 Multidisciplinary Collaboration

e Integrating clinicians, molecular biologists, bioinformaticians, ethicists, and
policymakers ensures that the pipeline is scientifically robust, ethically sound, and

policy-relevant.

7.5 Scalability and Regional Adaptability

e The modular design of laboratory and computational workflows allows replication

in other Nigerian states and neighboring countries, facilitating a West African

genomic surveillance network.

8. Potential Challenges and Mitigation Strategies

Challenge

Potential Impact

Mitigation Strategy

Recruitment
Barriers in Rural
Settings

Under-
representation,
biased subtype

mapping

Engage community leaders, provide travel
stipends, deploy mobile sampling units.

Sample Quality

Data artifacts,

Strict SOPs, cold chain management,

Variation sequencing failures | quality checkpoints at each step.
Infrastructure Power outages, Backup generators/solar power, offline
Limitations internet disruptions | data storage and batch uploads.

Data Security and
Privacy Concerns

Participant distrust,
regulatory non-
compliance

Transparent consent processes, robust
encryption, IRB-approved data sharing
policies.

Supply Chain
Disruptions for
Reagents/Consuma
bles

Delays in sample
processing, project
timelines extended

Advance procurement planning, multiple
supplier contracts, in-country reagent
stockpiles.




Inconsistent data Intensive hands-on training, mentorship
Technical Skill Gaps | quality, rushed pairings, remote support via collaborative
analyses platforms.
Donor Reporting . Early sustainability planning, co-financing
. . Funding gaps post- . .
and Sustainability Lot oh strategies with government health
ilo ase
Requirements P P agencies, cost-recovery models.

By proactively identifying these risks and pairing them with concrete mitigation measures,
the project can maintain momentum and deliver reliable data on schedule.

9. Recommendations for Enhancement

To maximize the project’s scientific rigor, operational efficiency, and policy impact, the
following recommendations are offered:

1. Statistical and Epidemiological Analysis Plan
a. Predefine non-inferiority or equivalence thresholds for variant detection.
b. Include power calculations stratified by subtype prevalence and ART
regimen.
c. Planinterim analyses to detect early trends in resistance emergence.
2. Cost-Effectiveness and Health Economics Modeling
a. Incorporate analyses comparing per-sample and program-level costs
against existing resistance monitoring methods.
b. Forecast budgetary implications of scaling routine genomic surveillance
nation-wide.
3. Community Engagement Beyond Clinical Sites
a. Establish Community Advisory Boards comprising patient advocates, local
leaders, and civil society representatives.
b. Share de-identified aggregate findings in community forums to enhance
transparency and trust.
4. Integration with Existing Surveillance Networks
a. Collaborate with Nigeria Centre for Disease Control (NCDC) to feed genomic
data into national outbreak tracking dashboards.
b. Align with PEPFAR and Global Fund initiatives for ART program monitoring.
5. Mobile and Point-of-Care Sequencing Pilots
a. Trial portable Oxford Nanopore MinlON devices in rural clinics for same-day
insights.



b. Compare workflow efficiencies and data concordance with centralized
sequencing.
6. Longitudinal Follow-Up Cohorts
a. Plan a sub-study to re-sample a subset of participants at 6- and 12-month
intervals to monitor resistance evolution over time.
b. Correlate clinical outcomes (viral load, CD4 count) with genomic changes.
7. Enhanced Data Visualization and Reporting Tools
a. Develop interactive dashboards for policymakers that display resistance
hotspots, transmission clusters, and temporal trends.
b. Train end users in dashboard interpretation and scenario modeling.
8. Open Access Publications and Data Sharing
a. Commit to publishing protocols, bioinformatics pipelines, and aggregated
datasets in open repositories.
b. Contribute novel resistance mutations and subtype information to global
databases such as LANL HIV Sequence Database.

Implementing these enhancements can deepen the project’s scientific contributions,
amplify its policy influence, and foster sustainable surveillance systems beyond the initial
study period.

10. Conclusion

The proposed multicenter project to establish an HIV-1 genomic surveillance pipeline in
Nigeria is timely, technically sound, and aligned with urgent public health priorities. By
harnessing high-throughput sequencing, robust bioinformatics, and ethical data
governance, the initiative promises to:

e Generate a high-resolution map of HIV-1 diversity and resistance patterns across
key regions.

e Inform dynamic updates to ART guidelines, ensuring treatment regimens remain
effective.

e Build local capacity in molecular virology and computational genomics, fostering
self-sufficiency.

e Strengthen national surveillance networks and expedite outbreak response through
real-time data sharing.

Strategic partnerships with MacSigro BioTech Limited, leading clinical sites, NHREC, and
global funding agencies provide a strong foundation. Addressing anticipated challenges



through proactive mitigation and integrating the recommendations outlined here will
enhance the project’s impact and sustainability. Ultimately, this pipeline can serve as a
blueprint for genomic surveillance of HIV and other pathogens across Africa, driving
evidence-based interventions that save lives and curb epidemic spread.
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