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Abstract

Introduction: Genomic sequencing (GS) is a powerful tool in modern medicine
underpinning disease surveillance, precision diagnostics, antimicrobial
resistance monitoring, and public health research. Sri Lanka has developed
laboratory and research infrastructure, but lacks a unified national roadmap for
GS services. This study aimed to assess GS capacity in Sri Lanka, identify key
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challenges, and prioritise strategies to guide roadmap development.
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Methods: A cross-sectional descriptive study was performed in 2025 among
professionals, including medical administrators (25%), consultants (30%),
academics (20%) and laboratory technologists (25%). Data were collected via a
validated self-administered questionnaire (Cronbach’s a = 0.87) and a resource
mapping tool. Quantitative results were summarised using descriptive statistics;
qualitative data were thematically synthesised. Proposed strategic actions were
ranked using a Delphi-based scoring framework.

Results: Significant gaps emerged: infrastructure inadequacies (N=80; 68%),
funding shortages (N=80; 72%), limited bioinformatics capacity (N=80; 25%),
and weak inter-institutional coordination (N=80; 64%). Resource mapping
revealed that while equipment was available in many institutions, 78% reported
a critical shortage of trained personnel. The highest-priority strategies (mean
scores out of 5) were: establishing national governance (4.8), workforce training
(4.6), enhancing data sharing (4.5), integrating GS into health policy (4.3),
strengthening ethical or legal frameworks (4.1) and developing sustainable
funding (3.9).

Conclusions and Recommendations: Although Sri Lanka has foundational
infrastructure for GS, critical gaps in human resources, governance, and
financing constrain its utility. A coordinated roadmap addressing governance,
capacity building, data integration, and sustainability is urgently needed to
harness GS for health, research, and national health security.

Introduction In global health emergencies such as the
COVID-19  pandemic, countries  with
established GS systems gained a distinct
advantage in real-time variant detection and
evidence-based public health decision-
making>»!®.  In Sri Lanka, molecular
diagnostics and limited next-generation
sequencing (NGS) platforms exist in select
research institutions and tertiary hospitals®!’.
However, these are isolated efforts, often
dependent on external funding or academic

Background

Genomic sequencing is the process of
determining the complete DNA or RNA
sequence of an organism’s genome. It reveals
genetic information, including mutations,
variations, and pathogen identity. This
technology supports diagnostics, disease
surveillance, research, and precision medicine
by enabling targeted interventions and

understanding of genetic and infectious
disease patterns. GS is increasingly central to
biomedical science and public health. It
enables pathogen surveillance, genomic
epidemiology, AMR tracking, precision
oncology, and pharmacogenomics®!*.

projects, and lack integration into national
health systems or public health policy'®.
Without a strategic framework, GS remains
underutilised in  disease  surveillance,
diagnostics, and health planning®'®. Many
LMICs face similar challenges, such as
limited workforce, weak data systems and
fragmented  governance!*.  Nonetheless,
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successful national genomic initiatives, such
as the Africa CDC Pathogen Genomics
Initiative>!®  and  Thailand’s  National
Genomics Infrastructure®*!®, show that
governance, workforce training, sustainable
financing, and ethical data systems are the key
pillars of progress. Given Sri Lanka’s evolving
health research ecosystem and increasing
emphasis on genomic resilience, a situational
assessment is timely. This study assessed GS
capacity, identified gaps and opportunities.
Furthermore, the study prioritised the
strategies to guide the development of a
national GS roadmap for Sri Lanka.

Objectives
General Objective

To assess the current status and available
resources to develop a strategic framework for
genomic sequencing services in Sri Lanka.

Specific Objectives

e To evaluate the current status of genomic
sequencing services in Sri Lanka,
including infrastructure, technical
capacity, and policy environment.

* To identify available resources and gaps
critical to developing a strategic
framework  for  national  genomic
sequencing services.

e To analyse key factors influencing the
implementation and scalability of genomic
sequencing in the context of precision
health.

e To provide recommendations for
establishing a comprehensive roadmap to
enhance genomic sequencing capabilities
for precision health initiatives in Sri
Lanka.

Literature Review

Genomic Sequencing has emerged as a
transformative technology in public health,
enabling precision medicine, surveillance of
infectious diseases, and genomic
epidemiology'. The World Health
Organization has emphasised the integration
of GS into national health systems to

strengthen disease surveillance, outbreak
response, and antimicrobial resistance
monitoringz. WHO’s  Global Genomic

Surveillance Strategy (2022-2032) outlines
the need for country-level capacity building,
governance mechanisms, and prioritisation
frameworks for effective implementation?.

Several countries, including the United
Kingdom, Australia, and India, have
successfully developed national genomic
strategies  focusing  on  infrastructure
development, skilled workforce training, and
data  governance’-®. These frameworks
provide valuable models for low- and middle-
income countries aiming to establish
sustainable genomic programs.

Prioritisation tools have been used in many
settings to identify strategic interventions in
public health genomics, allowing systematic
assessment of feasibility, impact, and
readiness’. Tools such as the WHO’s health
technology prioritisation frameworks and
resource ~ mapping  instruments  assist
policymakers in aligning genomic investments
with national priorities®.

In Sri Lanka, genomic sequencing capacity
remains limited, and systematic assessments
of readiness and prioritisation have not been
comprehensively undertaken. Thus,
understanding global best practices and
applying  prioritisation ~ approaches are
essential for developing a national GS
roadmap.

Methods
Study design

A descriptive cross-sectional mixed-method
study design was conducted from January
2025 to July 2025. Reporting adheres to the
STROBE guidelines for cross-sectional
studiesb>"°. Checklist items related to design,
participants, variables, bias, study size, and
analysis were systematically applied to ensure
transparency'b12.

Study setting

The study was conducted at national, regional,
university, and hospital institutions engaged in
laboratory  services, public health, or
research!”® in Sri Lanka.

Study population

The study population comprised senior-level
professionals in medical administration,
clinical practice, academics, and laboratory
services who were directly involved in GS-
related governance, research, or diagnostic
activities. Participants (n = 80) were
purposively selected to represent four
categories: Medical Administrators (25%),
Consultants in laboratories (30%), Academics
(20%), and Laboratory staff, including
Medical Laboratory Technologists (25%).
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Study instruments

The study employed three main instruments:
an online Google Form, a Resource Mapping
Tool, and a Prioritisation Tool.

A Self-Administered Questionnaire (SAQ)

The online Google Form was used as the
primary data collection instrument to obtain
information from key stakeholders across
public, private, and academic institutions. It
consisted of structured and semi-structured
questions designed to capture data on
institutional capacity, workforce expertise,
laboratory facilities, and existing GS
activities. SAQ was developed based on
literature and expert input>“1%2°, It covered
infrastructure, funding, workforce,
bioinformatics, governance, policy
environment, and collaboration. The pretest
among 10 professionals achieved Cronbach’s
a = 0.87, indicating high internal consistency.

The form utilised a five-point Likert scale to
capture respondents’ perceptions and levels of
agreement with various statements. The scale
consisted of 1 — Strongly Agree, 2 — Agree, 3
— Neutral, 4 — Disagree, and 5 — Strongly
Disagree. This format enabled the study to
measure the degree of consensus or
divergence among stakeholders regarding
existing  capacities,  challenges, and
opportunities in the GS landscape.
Additionally, open-ended questions were
included to allow respondents to provide
detailed explanations, examples, and

recommendations. The Google Form was
distributed electronically to ensure broad
participation across institutions and to
facilitate convenient, time-efficient data
collection while maintaining confidentiality
and data integrity.

A Resource Mapping Tool (RMT)

The resource mapping tool was improved and
tailored to the Sri Lankan context. It helps
systematically document and  analyse
available infrastructure, human resources,
laboratory capabilities, and data management
systems relevant to GS. This tool assists in
identifying the geographic and institutional
distribution of resources and highlights
existing gaps and overlaps.

A Prioritization Tool

This tool was designed to guide stakeholders
in ranking strategic actions for the
development of the national GS roadmap.
Using predefined criteria such as feasibility,

impact, and sustainability, it enabled the
systematic evaluation and prioritisation of
proposed interventions through a participatory
process. This instrument ensured
comprehensive data collection, objective
assessment, and evidence-based decision-
making for roadmap formulation.

A Semi-Structured Questionnaire (SSQ)

A SSQ was developed to guide key informant
interviews with experts and stakeholders
engaged in genomic services in Sri Lanka. The
tool was designed to obtain in-depth
qualitative information on existing capacities,
challenges, and opportunities related to
genomic sequencing implementation. It
allowed for flexibility in exploring emerging
themes while ensuring consistency across
interviews. Data were collected through direct
interviews, either in person or online. They
were analysed thematically to identify key
insights and perspectives relevant to
strengthening national genomic sequencing
capacity.

Data collection and analysis

Data were collected through online Google
Forms and Mentimeter software. Selected
participants participated in key informant
interviews to validate responses and enrich
qualitative findings. Quantitative data were
analysed using  descriptive  statistics;
qualitative data were coded thematically. A
Delphi-based scoring framework was utilised
to prioritise proposed strategies®!%13,

Results
Participant profile

All 80 participants completed the survey. The
response rate was 100%. The sample included
medical administrators (20; 25%), consultants
(24; 30%), academics (16; 20%), and
laboratory technologists (20; 25%).
Participants represented central, provincial,
and institutional levels, ensuring
comprehensive national coverage across
diverse healthcare and academic settings.

Human resources availability (Table 1)

Human resource distribution across genomic
sequencing institutions demonstrated variable
capacity. The National Hospital of Galle (NHG) and
National Hospital Kandy (NHK) had similar
profiles with one consultant, one trained consultant,
two medical officers, and several MLTs, indicating
moderate operational capacity. The Medical
Research Institute (MRI) had more consultants and
a research officer, reflecting stronger research
involvement. The National Cancer Institute (NCI)
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Table 1. Availability of human resources for genomic sequencing services in Sri Lanka

(2]
2 £ ® ®
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B < — =} —_ T — — - = [ _
g gz E 2 EFE2 & EE & EZ 2 E
NHG 1 1 2 0 0 0 0 0 5 2
NHK 1 1 2 0 0 0 0 0 7 2
MRI 2 1 1 0 1 0 0 0 2 1
NCI 6 3 0 0 0 0 1 1 3 3
NSACP 2 1 1 0 0 0 0 0 3 3

had the highest consultant representation and the only trained bioinformatician, highlighting advanced
analytical capability. The National STD/AIDS Control Programme (NSACP) showed balanced staffing with
trained MLTs. Overall, trained personnel were limited, emphasising the need for workforce development
Most respondents (68%) rated infrastructure as inadequate. Only select universities and national laboratories
had functional NGS platforms, with 61% having at least one sequencer. However, underutilisation was
common due to reagent shortages, maintenance gaps, or downtime!”,'8,2°,

Availability of equipment and tests at institutes (Table 2)

Oxford Nanopore Technologies (ONT) and Illumina are currently the leading platforms for genomic
sequencing, each employing distinct technologies with complementary strengths.

ONT devices, such as the Mk1C, utilise nanopore-based sequencing, enabling real-time, portable, and long-
read analysis, which is particularly useful for field diagnostics and rapid outbreak investigations. Illumina
platforms, including NextSeq and iSeq, use sequencing-by- synthesis technology to generate highly
accurate short reads, making them ideal for large-scale genomic studies, clinical diagnostics, and
transcriptomic analyses. In Sri Lanka, institutions such as the University of Colombo (UoC) and the
University of Sri Jayewardenepura (USJP) have integrated these technologies into their genomic research

Table 2. Availability of equipment and tests for genomic sequencing services in Sri Lanka
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NHG ONT Mk1C Donation No 2021 No
NHK ONT Mk1C Donation No 2021 No
MRI ONT Mk1C Donation No 2022 No
NCI [llumina NextSeq 1000  Donation Yes 2022 Yes
NCI lllumina iSeq 100 Donation Yes 2022 Yes
NSACP  lllumina NextSeq 1000 Donation Yes 2022 Yes

UoC ONT, lllumina - - - . .
usJpP ONT, lllumina - - . . .
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infrastructure. UoC has leveraged Illumina systems for high-throughput genomic projects, while USJP has
piloted ONT devices for rapid pathogen surveillance and real-time outbreak monitoring. By combining the
flexibility, portability, and rapid turnaround of ONT with the high accuracy and throughput of [llumina, these
universities are enhancing national capacity in genomic surveillance, precision medicine, and translational
research. This dual-platform approach provides a robust framework for strengthening both research and
public health responses in Sri Lanka. A large majority (72%) identified funding constraints and dependence
on short-term donor projects. Only a few institutions integrated GS into recurrent budgets, reflecting limited
sustainability planning®,'%.1°.

Availability of Storage and Backups (Table 3)

Assessment of data management systems revealed limited capacity for secure genomic data storage across
institutions. NHG, NHK, and MRI relied mainly on computer hard disks without dedicated backup systems
or LIMS databases, posing risks for data loss. In contrast, the National Cancer Institute (NCI) maintained
more advanced infrastructure, using file servers, cloud storage, and a dedicated backup system. The National
STD/AIDS Control Programme (NSACP) also had basic backup capacity through external hard drives.
However, none of the institutions had an operational Laboratory Information Management System (LIMS) to
link genomic sequences with metadata, indicating a critical need for digital integration.

Table 3. Availability of storage and backups for genomic sequencing services

Institution ~ Long-term data storage Da:ol::;:up lii?(‘l"%“ﬁ)ecgggan ; ;At‘;;gigi"ty of LIMS
NHG Computer hard disk No None No
NHK File server, Computer hard disk No None No
MRI Computer hard disk No None No
NCI Eillguzegg:éggmputer hard disk, Yes File server No
NSACP External hard drive, Computer hard Yes External hard drive No

disk

Strategic Priority Ranking (Table 4)

The prioritisation exercise identified key strategic areas for strengthening genomic sequencing (GS) in Sri
Lanka. Establishing a national GS governance framework ranked highest (mean score = 4.8), emphasising the
need for coordination and policy direction. Workforce training and capacity building (4.6) and an integrated
data-sharing and bioinformatics hub (4.5) were also highly prioritised. Integration of GS into public health
surveillance (4.3) highlighted the importance of linking sequencing to disease monitoring. Developing ethical
and legal frameworks (4.1) for genomic data governance and ensuring sustainable funding and partnerships
(3.9) were recognised as essential supporting elements for long-term implementation and system resilience.
Weak coordination (64%) and absence of a national governance or ethical framework (81%) were significant
gaps. Only 42% regorted having institutional data protection policies, and 46% lacked standard procedures
for data sharing!®.°.

Table 4. Priority strategies of genomic sequencing services in Sri Lanka

# Strategy Mean Score / 5 (n=80)
1 National GS governance framework 48
2 Workforce training or capacity building 46
3 Integrated data-sharing and bioinformatics hub 45
4 Integration into public health surveillance 43
5 Ethical or legal frameworks for genomic data 41
6 Sustainable funding and partnerships 3.9
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Discussion

Summary of findings

This study presents the first structured national
assessment of GS readiness in Sri Lanka, providing
a comprehensive overview of the current landscape
across health, academic, and research institutions. It
identified critical gaps in governance, workforce
capacity, technical expertise, data management, and
sustainable financing, despite the presence of
isolated eq7u1prnent and limited operational
initiatives®.!”. The findings underscore the urgent
need for a coordmated national roadmap that aligns
policy, infrastructure, and human resource
development while fostering collaboration between
health, academic, and research sectors to ensure
effective and equitable integsratlon of GS into Sri
Lanka’s public health system”.

Comparison with other LMICs

Similar capac1ty constraints have been reported in
other LMICs'*, highlighting common challenges in
infrastructure, techmcal expertise, and sustained
funding. The Africa CDC Pathogen Genomics
Initiative exemplifies how regional hubs can
effectively pool resources, build workforce
capacity, and harmomse operatlonal standards
across countries®,'®. Likewise, Thailand’s national
genomic centre model demonstrates the successful
integration of sequencing technologies into disease
surveillance and public  health  response
networks”,!>

Governance and policy implications

Effective governance is foundational to developing
a sustainable genomic ecosystem. Establishing a
National Genomic Steering Committee under the
Ministry of Health could provide strategic oversight
for regulation, ethical comphance data sharing, and
intersectoral coordination'®.'®. Such a mechanism
would promote accountablhty and policy
coherence. Furthermore, adherence to the STROBE
framework ensures scientific rigour, transparency,
and robust translation of observational data into
evidence-informed policies and national genomic
strategies' 2,781

Workforce capacity and retention

The severe shortage of trained genomic experts
highlights the wurgent need for structured
postgraduate  training programs, continuous
professional development, and attractive retention
incentives to sustain national capacity. Establishing
regional mentorship networks and implementing
twinning  arrangements  with  established
international genomic hubs, as recommended in
global genomics implementation models, can
accelerate skill transfer, strengthen institutional
capacity, and foster a sustainable workforce
pipeline for ‘genomlc medicine and public health
applications'™.!

1Data infrastructure and ethics

Establishing a national bioinformatics hub would
enable centralised management of sequencing
analysis, data storage, and controlled access,
thereby improving efﬁ01ency6 data security, and
institutional governance' . Such a hub would
also facilitate standardisation of analytical pipelines
and promote equitable data sharing across sectors.
Ethical oversight mechanisms should be embedded
within this framework, aligned with OECD and
WHO genomic data protection and Oprlvacy
standards to ensure responsible data use!®,

Funding and sustainability

Reliance on donor funding is inherently
unsustainable for long-term genomic system
development. Integrating GS activities into national
health budgets, fostering strategic private sector
partnerships and establishing a dedicated national
genomics innovation fund would ensure financial
continuity and resilience®.'>,'®.  Moreover,
implementing demonstration projects that showcase
the cost-effectiveness and public health impact of
GS applications such as AMR surveillance can
build confidence and attract sustained stakeholder
investment®,"*.

Phased implementation strategy

1. Establish governance and pilot coordination
hub.

2. Build human resource capacity and regional
sequencing units.

3. IntegrateGS into surveillance, diagnostics, and
research networks.

4. Scale nationally w1th evaluation and
sustainability measures!”,18,2°.

Limitations

As a purposive sample, the study’s

representativeness is inherently limited, and the
reliance on self-reported data may have introduced
response or recall bias. However, the
methodological rigour maintained throughout the
research process, particularly adherence to the
STROBE framework, systematic data verification
and triangulation of information sources enhances
the credibility, reliability, and overall validity of the
findings, providing a robust foundation for policy
and programmatic interpretation!.2,’

Conclusions

Sri Lanka currently possesses partial infrastructure
and research interest in genomic sequencing, but
critical gaps in workforce, governance, and funding
prevent its integration into health systems. A
national GS roadmap founded on governance
architecture, capacity building, data integration, and
sustainable financing is urgently required. The
prioritised strategies generated in this study provide
a practical, stakeholder-informed foundation.
Implementing these will strengthen diagnostic,
surveillance, and research capabilities in Sri Lanka.
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Recommendations

Based on the

conclusions, the following

recommendations are proposed

1.

Establish a national governance and regulatory
framework for genomic sequencing services in
Sri Lanka.

Develop and implement a phased national
genomic sequencing roadmap aligned with
health system priorities in Sri Lanka.
Strengthen human resource capacity, with
emphasis on bioinformatics and clinical
genomics in Sri Lanka.

Improve bioinformatics infrastructure and data
integration within national health information
systems in Sri Lanka.

Ensure sustainable financing mechanisms to
support long-term genomic sequencing services
in Sri Lanka.
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