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Abstract

This study developed and designed a data-driven process improvement
pilot for COVID-19 genomic sequencing at the Research Institute of
the Puerto Rico Science, Technology & Research Trust, based on
workflow mapping and analysis. The workflow includes key stages
such as RNA extraction, library preparation, sequencing, and
bioinformatics analysis, where variability can propagate across
interconnected processes and impact overall performance. Based on
this analysis, the study develops a structured framework to identify
sources of variability and proposes a data-driven pilot design to
evaluate potential process improvements in a controlled environment.

Introduction

Next-Generation Sequencing (NGS) has become a pivotal tool for
SARS-CoV-2 genomic surveillance and public health response. As
sequencing demand increased in Puerto Rico following the COVID-19
pandemic, laboratory workflows required greater coordination across
clinical laboratories in the 1sland. Variability throughout the sequencing
workflow can impact turnaround time, workflow consistency, and
resource utilization. This study evaluates operational variability within
the COVID-19 sequencing workflow at the Research Institute of the
Puerto Rico Science, Technology & Research Trust through workflow
mapping and data-driven process analysis.

Background

The SARS-CoV-2 sequencing workflow consists of multiple
interconnected processes including RNA extraction, library preparation,
quality control (QC), sequencing, bioinformatics analysis, and
reporting. This study was conducted in collaboration with the Research
Institute of the Puerto Rico Science, Technology & Research Trust, a
state-of-the-art research facility focused on advancing scientific
research, genomic surveillance, and public health response efforts in
Puerto Rico. During library preparation, samples are converted into a
sequencing-ready format through a series of preparation and validation
procedures designed to support sequencing consistency and data
reliability. QC procedures evaluate sequencing readiness before
progression into sequencing analysis [1], [2]. Samples that fail QC
checkpoints may require reprocessing, which can introduce workflow
interruptions, increase turnaround time, and delay final reporting for up
to 2 days.

Increasing sequencing demand has amplified workflow variability,
rework, and operational delays throughout the SARS-CoV-2
sequencing process, highlighting the need for a structured workflow
improvement framework.
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Methodology

This study utilized a data-driven case study approach to evaluate
variability within the SARS-CoV-2 genomic sequencing workflow at
the Research Institute of the Puerto Rico Science, Technology &
Research Trust. Workflow mapping, operational metrics, and process
performance analysis were used to 1dentify inefficiencies across RNA
extraction, library preparation, sequencing, bioinformatics analysis, and
reporting [3]. A root cause analysis was also conducted to
pinpoint operational factors contributing to workflow variability,
rework, and reporting delays throughout the sequencing process [4].
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Workflow variability across sequencing stages can impact reporting
time and process consistency.
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Root cause analysis identified key operational factors contributing to
workflow variability and reprocessing.

Results and Discussion
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Process performance analysis was used to evaluate rework and
operational variability across sequencing workflow phases.

Rework Volume by Workflow Phase
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Based on the identified sources of variability, the study developed a
structured pilot framework focused on process standardization, quality
control optimization, and workflow monitoring to support improved
workflow consistency and operational efficiency.

PILOT PLAN

® A structured approach to reduce variability, improve efficiency, and enhance first-pass yield. *®
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Key performance indicators (KPIs) were identified to evaluate the
effectiveness of the proposed pilot implementation.

PILOT EVALUATION METRICS (KPIs)
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KEY OPERATIONAL FINDINGS

@ O O

Bioinformatics Workflow rework Personnel limitations Workflow variability
demonstrated the contributed to were identified as affected process
highest rework increased turnaround the primary consistency across
volume. time and reporting operational sequencing stages.
delays. bottleneck.

Understanding Genomic Sequencing Workflows Through Data-Driven Analysis and Pilot Design

Conclusions

This study identified workflow variability and rework as major
contributors to operational inefficiencies within the SARS-CoV-2
genomic sequencing workflow at the Research Institute of the Puerto
Rico Science, Technology & Research Trust. Results demonstrated that
bioinformatics-related rework, workflow coordination challenges, and
personnel limitations significantly impacted turnaround time, workflow
consistency, and sequencing throughput. Through workflow mapping
and operational analysis, the study validated staffing constraints as a
primary operational bottleneck and established a structured foundation
for future process optimization and workflow improvement efforts.

Future Work

Future work should focus on implementing the proposed pilot plan and
monitoring key performance indicators (KPIs) to evaluate
improvements in workflow efficiency, turnaround time, and process
consistency. Continued operational analysis may also help support
future staffing expansion efforts to improve sequencing throughput and
reduce workflow delays.
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