Review of the Multicenter Clinical Trial for
a Portable Electrochemical Biosensor

This review critically examines the proposed multicenter clinical trial designed to evaluate
a novel palm-sized, battery-operated electrochemical biosensor for rapid detection of
infectious disease biomarkers. The analysis covers the project’s rationale, objectives,
device description, trial methodology, partnerships, regulatory framework, anticipated
impact, key strengths, potential challenges, and recommendations for optimization.

Introduction

In low-resource settings, delays in diagnosing infections like malaria, typhoid, and
hepatitis contribute to increased morbidity, mortality, and health-system burden.
Standard laboratory assays (ELISA, PCR) are sensitive but often centralized, costly, and
time-consuming. A portable biosensor bridging these gaps can accelerate clinical
decision-making, reduce treatment delays, and strengthen outbreak surveillance. This
trial’s ambition—to validate performance, usability, and real-world operability—addresses
an urgent need for decentralized diagnostics.

Project Overview

e Aim: Conduct a prospective, double-blind, cross-sectional study across four sites
to assess diagnostic performance and field usability.

e Scope: 800 participants aged 12+ with febrile illness or at-risk profiles in urban and
semi-rural clinics.

e Endpoints: Analytical and clinical sensitivity/specificity, reproducibility, turnaround
time, and end-user feedback.

e Lead: MacSigro BioTech Limited, in partnership with three clinical sites and
NAFDAC'’s Clinical Devices Unit.

Project Objectives

1. Analytical Performance Validation



a. Compare biosensor sensitivity and specificity against gold-standard ELISA
and PCR assays.

b. Quantify turnaround time improvements in real-field conditions.
2. Usability & Field Operability
a. Evaluate userinterface intuitiveness, battery life, connectivity, and
maintenance needs.
b. Gather structured feedback from clinical staff in diverse settings.
3. Regulatory-Grade Data Generation
a. Produce detailed reports suitable for NAFDAC approval and WHO
prequalification.
b. Ensure adherence to ISO 13485 and Good Clinical Practice (GCP) standards.

Assessment: The objectives are clear, measurable, and directly aligned with both clinical
impact and regulatory pathways. Including both laboratory comparisons and human-factor
studies strengthens the case for field deployment.

Device Description & Technical Innovation

The biosensor comprises two core components:

e Electrochemical Reader:
o Palm-sized, battery-operated unit.
o Wireless connectivity to a mobile app for real-time visualization.
o Embedded firmware for data encryption and integrity checks.
e Disposable Test Strips:
o Nanomaterial-coated biorecognition elements specific to target biomarkers.
o Single-use cartridges to prevent cross-contamination.

Innovative Aspects:

e Integration of nanomaterials enhances sensitivity at low analyte concentrations.
e Modular firmware allows over-the-air updates and remote diagnostics.

e App interface supports automatic data aggregation and geo-tagging for
surveillance.

Critique:

e The description could benefit from clarity on strip stability (shelf life, storage
conditions) and reader calibration protocols.



e Details on app compatibility (Android/iOS versions) and offline data caching would
strengthen the usability narrative.

5. Trial Desigh & Methodology

Study Type & Blinding

e Prospective, Double-Blind, Cross-Sectional: Both participants and result
adjudicators remain unaware of device vs. standard assay outcomes.

e Cross-Sectional: Each participant provides a single sample tested in parallel by
biosensor and reference methods.

Sample Size & Sites

. ) Planned
Site Setting Notes
Enrollment
General Hospital Omoku Urban 200 High patient throughput
Nasarawa State Teaching | Semi- 200 Intermittent power, local
Hosp rural staff
Clarion Medical Limited Urban 200 Mix of in- and outpatients
. Semi- Ensure geographic
Fourth Clinic (TBD) 200 ) .
rural diversity

Comment: Four sites split evenly strengthen external validity. Specifying the fourth site
early and ensuring it mirrors intended use environments will prevent last-minute
adjustments.

5.3 Eligibility Criteria

e Inclusion: Individuals =212 years presenting with febrile illness or high-risk
backgrounds.

e Exclusion: Known chronic infections under treatment, inability to consent, or
contraindications to finger-prick or venipuncture sampling.

5.4 Outcome Metrics

e Analytical Sensitivity & Specificity: Percent agreement with ELISA/PCR.



e Clinical Sensitivity & Specificity: True positive/negative rates in symptomatic
populations.

e Reproducibility: Intra- and inter-operator variability.

e Turnaround Time: Time from sample acquisition to result display.

e User Feedback: Usability ratings, error logs, and qualitative interviews.

Remarks: A statistical analysis plan with predefined non-inferiority margins (e.g., 95%
sensitivity within 5% of PCR) will be critical. Including inter-rater reliability (e.g., kappa
statistics) and device drift over time will add robustness.

Partnership & Oversight

e Lead Organization: MacSigro BioTech Limited—responsible for device
manufacturing, protocol development, and data analysis.

e Clinical Partners: Three hospitals providing patient recruitment and sample
handling.

e Regulatory Liaison: NAFDAC Clinical Devices Unit—guiding regulatory
compliance, GCP oversight, and eventual market authorization.

e Ethics Approval: Independent Institutional Review Boards at each site, ensuring
participant protection and informed consent processes.

Strengths:

e Engaging NAFDAC early streamlines data requirements for device approval.
e Multiple IRBs mitigate local jurisdictional challenges.
e Cleardelineation of roles reduces duplication and enhances accountability.

Opportunities:

e Establish ajoint steering committee with clinical leads, MacSigro representatives,
and NAFDAC liaisons to oversee progress and resolve operational hurdles in real
time.

Expected Impact

1. Clinical Impact:
a. Accelerate time-to-diagnosis (target <15 minutes vs. hours for lab assays).



b. Enable point-of-care treatment decisions, reducing empirical broad-
spectrum antibiotic use.
2. Economic Impact:
a. Lower per-test costs by minimizing consumables and central lab
dependencies.
b. Alleviate strain on centralized laboratories, freeing capacity for complex
assays.
3. Public Health Impact:
a. Enhance early case detection during outbreaks, with geo-tagged data
feeding into surveillance dashboards.
b. Empower community health workers to screen at the periphery, closing
diagnostic coverage gaps.
4. Innovation Ecosystem:
a. Demonstrate feasibility of nanomaterial-based diagnostics in Africa.
b. Provide a regulatory “model dossier” for future local device developers.

Key Strengths

¢ Holistic Evaluation: Combines laboratory performance with human-factor studies.
e Regulatory Alignment: Data tailored for NAFDAC and WHO prequalification.

e Diverse Settings: Urban and semi-rural clinics simulate real-use conditions.

e Scalable Technology: Wireless app and over-the-air updates facilitate

deployment.
e Multidisciplinary Team: Engineers, clinicians, regulatory specialists, and ethicists
onboard.
Potential Challenges
Challenge Impact Mitigation Strategy
. Underpowered Engage community leaders; provide transport
Recruitment Delays )
study stipends.
. . o Standardize sample collection SOPs; train staff
Variable Sample Quality Data variability .
rigorously.

Connectivity Issues (App Sync) Data gaps Implement offline data caching and batch uploads.
Power Outages in Semi-Rural Interrupted

. . Supply portable solar chargers; test battery runtime.
Sites testing




. . . ) Reduced Schedule daily calibration checks; remote firmware
Calibration Drift Over Time .
accuracy fixes.
Participant Consent Across Incomplete Translate forms into local dialects; use pictorial
Languages consent aids.

Recommendations for Optimization

1. Detail the Statistical Analysis Plan
a. Specify non-inferiority margins, sample size justifications, interim analyses,
and final statistical tests (e.g., ROC curves).
2. Augment Usability Evaluation
a. Incorporate System Usability Scale (SUS) surveys and task-completion time
metrics.
b. Record error rates (invalid tests) over the trial period.
3. Expand Data Management Protocols
a. Develop a secure, cloud-based database with role-based access controls.
b. Define data validation checks and audit-trail requirements.
4. Integrate Cost-Effectiveness Analysis
a. Model per-test and total-cost comparisons against standard methods,
including personnel and infrastructure costs.
5. Planfor Supply Chain Logistics
a. Ensure buffer stock of test strips and spare readers at each site.
b. Map shipment timelines and customs clearance processes for urgent
replacements.
6. Strengthen Community Engagement
a. Conduct site-specific focus groups to refine consent materials and address
cultural considerations.
b. Share interim, de-identified results with community stakeholders to build
trust.
7. Outline Post-Trial Deployment Strategy
a. Propose training modules for scale-up, including “train-the-trainer”
approaches.
b. Map potential partnerships with NGOs and government health programs for
rollout.



Conclusion

The proposed multicenter clinical trial is rigorously designed to validate a novel
electrochemical biosensor’s performance, usability, and regulatory readiness in low-
resource settings. Its strengths lie in clear objectives, diverse site selection,
multidisciplinary partnerships, and alignment with NAFDAC and WHO standards. To
further solidify its impact, the trial would benefit from detailed statistical planning, cost-
effectiveness modeling, robust data management, and proactive community engagement.
Successfully executed, this study promises to accelerate point-of-care diagnostics,
reduce healthcare disparities, and catalyze local med-tech innovation across the
continent.
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