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Background: Pathogen genomics plays a central role in infectious disease sur-
veillance and outbreak response. However, information about available training
initiatives remains fragmented, limiting visibility into how programmes are struc-
tured, delivered, and assessed.

Methods: We conducted a structured survey to characterise pathogen genom-
ics training initiatives identified through the PHA4GE Training and Workforce
Development Working Group and affiliated professional networks.

Results: Eighty-one courses were analysed representing pathogen genom-
ics training initiatives from 17 countries. Over half (52%) targeted academic or
research audiences and 46% targeted public health professionals. Majority of
courses were delivered as short, limited-duration standalone courses. Beginner-
level courses accounted for 58% of offerings, whereas only 6% were classified
as advanced. Bioinformatics or genomic data analysis was widely represented
(72%), while specialised areas such as biostatistics and systems administration
were less frequently included. Nearly half (48%) of courses focused on broadly
applicable genomic methods rather than being restricted to a single pathogen.
Among courses centred on specific organisms, viral pathogen themes were most
commonly represented. Over one-third of courses (38%) did not include struc-
tured assessments, with only 7% incorporating quizzes or exams. Most courses
relied on local computing resources such as laptops or desktops during delivery
(93%). Use of high-performance computing (HPC) and cloud platforms was lim-
ited during training but was higher after training, with 37% and 39% of courses
indicating use, respectively.

Conclusion: This landscape analysis identifies structural patterns, including
geographic concentration of providers, predominance of introductory formats,
variability in assessment practices and in the use of advanced computing infra-
structure across training phases. The findings provide empirical insight into char-
acteristics of pathogen genomics training that may inform efforts to strengthen
coordinated and sustainable workforce development strategies.
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Introduction

Pathogen genomics now plays a central role in infectious disease
surveillance and outbreak response, informing real-time investiga-
tions, strengthening surveillance systems, and supporting clinical and
public health decision-making (1-4). In this article, pathogen genom-
ics is defined as the application of genomic technologies and bioinfor-
matics to sequence and analyse genetic material of pathogens,
including viruses, bacteria, fungi, protozoan parasites, and helminths
(1, 2, 5). This encompasses wet-lab processes (sample processing,
library preparation, and sequencing), bioinformatics analysis (data
processing, genome assembly, variant calling, and phylogenetic analy-
sis), data interpretation and translating genomic data into actionable
insights for public health, clinical, and research contexts.

As demand for genomics-driven evidence grows, so does the need
for effective, accessible, and scalable training programmes that build
the capacity of public health professionals, researchers, and laboratory
scientists worldwide (4, 6). The COVID-19 pandemic accelerated
investment in pathogen genomics training and catalysed a shift from
traditional in-person delivery toward more flexible digital and hybrid
learning models (3, 7, 8). In some contexts, this transition contributed
to strengthened local bioinformatics capacity and expanded engage-
ment with genomic technologies (4, 9, 10).

Despite these advances, disparities in access to genomics expertise
and workforce development persist (3-5, 8, 11). Many established
training initiatives have historically originated from Europe and North
America, where sustained funding, infrastructure and institutional
networks have supported programme development. However, locally
and regionally led genomics programmes are increasingly emerging
across Africa, Asia, and Latin America reflecting expanding infra-
structure, growing technical expertise, and strengthening collabora-
tive networks (4, 8, 11, 12). This evolving landscape reflects increasing
regional leadership in genomics workforce development.

Pathogen genomics training is delivered by a diverse range of
organizations, including universities, research institutes, public health
agencies, non-governmental organizations, and international net-
works operating at institutional, national, regional, and transnational
levels (3-5, 8, 11, 13, 14). However, information about these pro-
grammes is often dispersed across institutional websites and within
professional communities, limiting their visibility. This fragmentation
makes it difficult for learners to identify appropriate opportunities, for
educators to build on shared resources, and for funders and policy-
makers to understand the characteristics of the broader training
landscape.

While pathogen genomics training initiatives exist across diverse
contexts, there has been limited systematic mapping of how these pro-
grammes are distributed, delivered, and structured. To begin address-
ing this gap, the Training & Workforce Development (TWD) Working
Group of the Public Health Alliance for Genomic Epidemiology
(PHA4GE) Consortium conducted a survey-based analysis of patho-
gen genomics training programmes identified through consortium
members and affiliated professional networks. The study examined
key features of these programmes and provides a structured snapshot
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of training provision within this network, highlighting patterns that
may inform coordination and workforce development efforts.

Methods
Survey instruments

Two structured surveys were developed and implemented by the
PHAA4GE Training and Workforce Development (TWD) Working
Group. The surveys were designed to collect detailed information on
(i) training course characteristics and (ii) the computational environ-
ments used to support training delivery. Both surveys were adminis-
tered in English.

The first survey (Supplementary File S1) collected information on
pathogen genomics training courses, including

« Course details: Title, institution type, and intended audience

« Focus areas: Topics covered by the course, including genome
sequencing, epidemiology, bioinformatics, and specialised areas
such as biostatistics and systems administration.

o Course structure: Course level (beginner, intermediate, advanced),
delivery mode (face-to-face, live remote, pre-recorded), and type
of enrolment (open access, application required, selective
admission).

o Assessment and accreditation: Presence of formal assessments,
type of certification or accreditation offered, and frequency of
course delivery (e.g., ongoing, scheduled intervals).

o Accessibility features such as availability of multilingual support
(e.g., subtitles or transcripts), geographic relevance, and whether
course materials were reusable or open-access.

A second survey (Supplementary File S2) was distributed to
respondents of the first survey to gather information on the infra-
structure and technical requirements associated with course delivery.
This survey captured infrastructure use before, during, and after train-
ing, including local computing resources, on-premise high-perfor-
mance computing (HPC), and public or private cloud platforms.

Survey respondents and dissemination

The primary target group comprised PHA4GE Consortium mem-
bers and affiliated professional networks. The survey invitation was
circulated via email to TWD Working Group members and other
individuals engaged in genomics training, research, and public health
workforce development. At the time of survey dissemination, TWD
Working Group included representation from 33 countries across six
regions, including 17 countries in Africa, 7 in Asia, 6 in Europe, 2 in
North America, 1 in Oceania, and 1 in Latin America, reflecting broad
geographic distribution within the network. Respondents were asked
to complete a separate survey for each training course they had deliv-
ered to ensure course-level specificity and minimise duplication. Since
dissemination relied on professional and consortium networks, the
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data collected reflects training initiatives identified within this sam-
pling frame.

Data collection and management

Both surveys were administered online using the REDCap
(Research Electronic Data Capture) data management platform (15).
Data were collected between March 2021 and September 2023. All
responses were self-reported by training organisers and stored
securely in accordance with institutional data governance policies.

Data analysis

Survey responses (Supplementary File $3) were analysed descrip-
tively to identify patterns in geographic distribution, course structure,
topic coverage, assessment practices, and infrastructure use within the
surveyed training initiatives. Percentages were calculated using the
relevant denominators (e.g., total courses or infrastructure subset,
where applicable). The findings were synthesised to describe structural
characteristics of training provision within the defined sam-
pling frame.

Data dissemination

To improve discoverability of pathogen genomics training initia-
tives, the course information collected through this study was curated
onto the NGS Academy platform (https://uct-cbio.github.io/ngs-acad-
emy/courses/other-courses). This searchable repository provides
access to information on training courses captured through the survey.

Results
Geographic distribution of survey responses

Survey responses corresponded to 88 courses, of which 7 were
excluded due to incomplete information or duplication, resulting in a
final dataset of 81 unique courses (Supplementary File S3). These
courses were delivered by 28 training provider institutions located
across 17 countries (Figure 1). Institutions were based in 8 African
countries, 2 each in Europe, Asia, North America, and South America,
and 1 in Oceania. This analysis mapped the institutional base of train-
ing provision or organization, rather than the geographic location of
learners who were recipients. Training providers located in the United
Kingdom (n = 29) and the United States (n = 22) were disproportion-
ately represented, together accounting for 63% of the courses identi-
fied. This geographic skew reflects the distribution of training
providers captured within the PHA4GE, which should be considered
when interpreting regional patterns in relation to broader global train-
ing activity or participant distribution. The institutional base of the
training provider does not necessarily reflect the geographic distribu-
tion of course participants or learners.

Course format and delivery approaches
Face-to-face (in-person) delivery was reported in 38 courses

(47%). Live remote (synchronous online) delivery was reported in 35
courses (43%), and pre-recorded (asynchronous digital content)
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components in 31 courses (38%). These three primary modalities were
frequently combined, with 33 courses (41%) incorporating more than
one format. Twelve courses (15%) were delivered exclusively as stand-
alone MOOC:s, and 10 courses (12%) reported bespoke, learner-
responsive delivery models.

Majority of the face-to-face format courses were delivered
within the country where the institution is located, including
courses hosted in the United States, United Kingdom, South
Africa, Malaysia, Canada, Burkina Faso, and Australia. However,
20 courses were delivered outside the provider’s home country or
across multiple geographic regions. Examples of delivery outside
the provider’s home country included courses delivered from the
United States to Ethiopia and the United Arab Emirates, and from
the United Kingdom to sites in Africa. Several courses were deliv-
ered in-person across more than one regional location over differ-
ent delivery cycles, including Africa, Asia, Latin America. In
addition, nine courses from a single provider reported delivery
locations that varied according to participant demand, rather than
fixed geographic sites or delivery mode. Information on the geo-
graphic location of learners participating in online or live remote
courses was not collected; therefore, the distribution of partici-
pants in non-face-to-face formats cannot be inferred from
these data.

Course organization and instructional
structure

Scheduling patterns varied across programmes. Thirty-seven
courses (46%) were presented at regular intervals (e.g., annual or bien-
nial offerings). Eleven courses (14%) were constantly available, and
nine courses (11%) made materials freely accessible online indepen-
dent of scheduled delivery. Nineteen courses (23%) were conditionally
or demand-driven, including those delivered upon request, dependent
on funding availability, or offered according to trainee demand. No
information was provided for the rest of the courses.

Six courses (7.4%) were delivered over hours, typically as short
seminars or modular online units requiring fewer than 20 h of total
engagement. Thirty-two courses (39.5%) were structured as short in-
person or virtual workshops lasting several days, most commonly
between 3 and 7 days. Thirty-seven courses (45.7%) extended over one
or more weeks. Within this group, durations ranged from one to two-
week intensive workshops to structured multi-week programmes last-
ing three to eight weeks, and in some cases up to twelve weeks. Four
courses (4.9%) represented longer-term initiatives extending over
several months. Two courses (2.5%) did not provide sufficient infor-
mation to categorise duration.

Instructional pacing also differed across programmes. Fifty-eight
courses (72%) combined self-paced components with instructor-led
sessions. Thirteen courses (16%) were exclusively instructor-led, while
10 courses (12%) were fully self-paced.

Accessibility and sustainability of course
materials

Reusability of course materials varied. Forty-seven courses (58%)
permitted reuse by trainees or instructors. Twenty-one courses (26%)
restricted reuse, 12 courses (15%) allowed limited or conditional reuse
(e.g., requiring attribution or institutional permission), and one course
(1%) did not specify reuse conditions.
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FIGURE 1
Geographic distribution of training provider locations represented in the surveyed dataset. The map shows the institutional base of training providers
associated with the 81 surveyed courses across 17 countries, identified through survey dissemination via the PHA4GE Training & Workforce
Development Working Group and affiliated networks (March 2021-September 2023). Countries are shaded according to the number of courses
reported by providers based in each location. This figure reflects the location of the training provider and not necessarily the physical location of course
delivery. The accompanying bar chart presents the corresponding course counts per provider country.
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Reporting on multilingual accessibility and support was hetero-
geneous and varied across programmes. Twenty-seven courses (33%)
reported providing subtitles, transcripts, translated materials, or inter-
pretation support in one or more additional languages. Twenty-three
courses (28%) explicitly indicated no additional language support
beyond the primary language of instruction, often specifying English-
only delivery. A further 10 courses (12%) specified English as the lan-
guage of instruction without clarifying whether additional accessibility
features were available. For 21 courses, responses were insufficiently
detailed to categorise language support definitively.

Training contexts and target audiences

The survey captured a range of pathogen genomics training pro-
grammes delivered across research and public health contexts. Forty-
two courses (52%) were primarily designed for individuals based in
academic or research institutions, including bioinformaticians, experi-
mental biologists, and graduate to postdoctoral-level scientists. These
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courses emphasised development of technical and analytical compe-
tencies relevant to research environments.

Thirty-seven courses (46%) were primarily designed for health-
care and public health professionals, reflecting the increasing integra-
tion of genomics into disease surveillance and outbreak response
activities. Notably, courses classified as research-focused were often
described as applicable to public health settings, indicating overlap in
training requirements across sectors. Two courses provided general
theoretical instruction without reference to a specific sector.

Course content and proficiency levels

A range of topics were covered across the surveyed courses
(Figure 2). Bioinformatics and data analysis were the most fre-
quently represented areas, included in 58 courses (72%). These
topics reflect foundational areas of training in pathogen genomics
and are central to both research and public health applications.
Other commonly reported topics included sample processing,
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library preparation, and sequencing workflows. In contrast, special-
ised areas such as biostatistics and systems administration were less
frequently represented within the surveyed dataset. In this survey,
“systems administration” referred broadly to managing computa-
tional environments, including Linux-based systems, high-perfor-
mance computing (HPC) usage, workflow deployment, and cloud
configuration. Respondents selecting “Other” topics reported addi-
tional areas such as antimicrobial resistance, use of the Terra plat-
form for bioinformatics analysis, and infrastructure-focused
capacity development, regulatory considerations for implementing
genomics technologies, integration of “omics” data, and “train the
trainer” approaches.

Among the 79 courses that reported a pathogen scope, 38 (48%)
were not restricted to a single pathogen and instead focused on
broadly applicable genomic methods relevant across multiple organ-
isms (Figure 3). Among courses focused on specific pathogens, viral
pathogens were the most commonly represented (n = 24; 30%), with
over half of these related to SARS-CoV-2 virus. Bacterial pathogens
were covered in 12 courses (15%), while fungal pathogens, protozoan
parasites, and helminths were each represented in fewer than 5 courses
(6% combined).

Intended proficiency levels were also reported for the majority of
courses. Beginner-level content predominated (n = 46; 58%), followed
by intermediate-level offerings (n = 28; 35%). Advanced level courses
were limited (n = 5; 6%). One metagenomics course excluded from
the proficiency-level analysis was designed for participants at multiple
skill levels and could not be classified within a single category.

Application, selection, and attendance
models

The surveyed courses employed a range of entry models
(Figure 3). Twenty-five courses (31%) were fully open without applica-
tion or payment requirements. A further 28 courses (35%) used a
competitive but cost-free selection process to align participant back-
grounds with course objectives. Seven courses (9%) required a simple
application to confirm relevance or suitability, without additional
selection criteria. The remaining 15 courses (18%) were categorised as
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“Other” including 10 requiring payment for attendance, and 5 deliv-
ered through funded partnerships or institutional arrangements.

When stratified by course level, entry models demonstrated
increasing selectivity with course complexity. Among beginner-level
courses, open participation was most common (41%), followed by
selection-based access (33%). Intermediate-level courses more fre-
quently required structured selection processes (36%), while
advanced-level courses were primarily selective.

Participation models also varied by pathogen focus, although
interpretation should account for the differing sample sizes across
categories. Among courses not focused on a specific pathogen
(n = 38), 14 (37%) were freely available, 6 (16%) required an applica-
tion, 12 (32%) involved a competitive selection process, and 6 (16%)
were delivered under the paid or funded arrangements. Among virus-
focused courses (n =24), 9 (38%) were freely available, 7 (29%)
required a selection process, and 8 (33%) followed other enrolment
models. Among bacteria-focused courses (n = 12), 6 (50%) required
a selection process, 5 (42%) were delivered under paid or funded
arrangements, and only 1 was freely available. Among courses
addressing protozoan parasites, helminths, and fungal pathogens
(n =5 combined), only one course offered free access, with the
remainder requiring either application or selection for attendance.
Selection-based entry mechanisms were more frequently observed
among intermediate and advanced courses, as well as among courses
focused on specific pathogens.

Assessment and accreditation

Knowledge or skills assessments were not included in 31 courses
(38%). Learning activities such as group discussions or feedback ses-
sions were reported in 8 courses (10%), although the extent to which
these activities functioned as assessment mechanisms was not clearly
specified. In contrast, formal structured assessments, including writ-
ten examinations or multiple-choice quizzes, were reported in 6
courses (7%).

Certificates of completion were offered in 17 courses (21%), while
6 courses (7%) were linked to formal accreditation schemes, such as
continuing professional development (CPD) credits awarded by
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FIGURE 3
Course levels and participation models by pathogen focus. Distribution of surveyed training courses according to proficiency level, pathogen scope,
and participation model. Each dot represents a single course and is color-coded by enrolment model: open access (teal), application required (red),
selection process (purple), or other (yellow). “Other” includes paid courses or those delivered through funded partnerships with conditional access.

recognised professional bodies. Twenty-seven courses (33%) did not
provide any form of certification or accreditation. In several cases
accreditation was reported as under consideration.

Computing infrastructure

Computing infrastructure data were available for 57 of the 81
courses (70%). Percentages reported in this section are calculated
using this subset. Local computing resources such as laptops or desk-
tops were the most widely used resource across all phases of training
(Figure 4). These were used in 45 courses (79%) before the training,
increasing to 53 courses (93%) during training, and remaining high
after training (91%). Use of on-premise high-performance computing
(HPC) resources was reported in only 3 courses (5%) before the
course, and in 6 courses (11%) during training increasing to 21
courses (37%) after training. Private cloud infrastructure was reported
in 1 course (2%) before and during training, increasing to 18 courses
(32%), after training. Public cloud platforms (such as Google Cloud,
AWS, or Microsoft Azure) were reported in 2 courses (4%) before
training, 8 courses (14%) during training, and 22 courses (39%) after
training.

Other infrastructure types were reported in 2 courses (4%) before
training, 7 courses (12%) during and after training. Twelve courses
(21%) indicated that computing infrastructure was not required
before training, decreasing to 2 courses (4%) during and after training.
While most courses relied on local computing resources during deliv-
ery, a greater proportion reported use of institutional or cloud-based
infrastructure following course completion.

Discussion

This study provides a snapshot of pathogen genomics training
initiatives identified through the PHA4GE Training & Workforce
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Development (TWD) Working Group and affiliated networks and
should be interpreted as a mapped subset of training activity rather
than a comprehensive global inventory. Survey responses described
training courses associated with providers located across 17 countries.
However, training providers located in the United Kingdom and the
United States were disproportionately represented among the reported
courses.

Although nearly one-third of face-to-face courses were specifically
delivered outside the provider’s country and several initiatives were
implemented across multiple regions over time, the institutional base
of training provision was concentrated in a small number of higher-
income countries. Similar disparities in genomics capacity have been
documented elsewhere, reflecting broader inequities in investment,
infrastructure, and training opportunities (8, 16). While locally and
regionally tailored genomics programmes are essential, such initiatives
remain unevenly distributed, and some regions continue to depend
on externally based providers for specialised training. Strengthening
sustainable, in-region training capacity remains critical to reducing
structural imbalances in global genomics workforce development.

The predominance of short-format standalone courses reflects
a training model that prioritises flexibility and responsiveness.
Such formats can rapidly address emerging public health and
emergency needs. However, when delivered independently of
formal academic structures or professional accreditation systems,
short courses may lack defined progression pathways and formal
recognition structures, which could impact broader workforce
development strategies. A recent study highlighted that structured
training programmes and sustained collaboration with academic
partners were identified as key enabling factors for strengthening
interpretation capacity and long-term integration of genomic tools
(17). University-affiliated programmes, fellowship-based models,
and communities of practice offer more comprehensive learning
experiences by integrating mentorship, expert guidance, and peer
support, all elements that help cultivate deeper and more sustained
expertise. Identifying how such models interact and scale
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alongside short-format courses could support more sustained
capacity development across learner levels and professional
contexts.

The survey findings demonstrate a strong representation of foun-
dational concepts in pathogen genomic data analysis skills. Over 70%
of courses covered bioinformatics pipelines, reflecting the central role
these skills play in application of genomics in research, public health
surveillance and clinical management. Wet-lab components such as
sample processing, library preparation, and sequencing were also rep-
resented, indicating efforts to provide end-to-end understanding of
genomic workflows. However, topics, such as biostatistics, systems
administration, and infrastructure configuration were less frequently
included, despite their importance in implementing comprehensive
genomics workflows (18-21). For all courses, because topic inclusion
was captured at a categorical level rather than reflecting depth or dura-
tion of instruction, these findings reflect relative representation of
topics rather than the extent, intensity, or quality of their coverage.

Nearly half of surveyed courses were not restricted to a single
pathogen and instead focused on broadly applicable genomic methods
relevant across multiple organism types. Such foundational training
supports transferable analytical skills that can be applied across
research and public health contexts. Among courses centred on spe-
cific pathogens, viral pathogens were more frequently represented
within the surveyed dataset. This likely reflects the heightened empha-
sis on SARS-CoV-2 during the study period, when genomic surveil-
lance was central to rapid response efforts (17, 22-24).
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While broadly applicable training remains essential for establish-
ing core genomic competencies, there were fewer courses specifically
addressing bacterial, fungal, or parasitic pathogens. As surveillance
priorities evolve, particularly in relation to emerging infectious disease
threats (25, 26), further examination of application-specific training
coverage may be warranted. Modular training approaches that inte-
grate foundational methods with targeted applications such as AMR
genomics or metagenomic surveillance, may enhance preparedness
and responsiveness across diverse public health settings (21, 27).

Regionally tailored programmes that integrate wet-lab sequenc-
ing, bioinformatics training, and train-the-trainer approaches illus-
trate how capacity development can be aligned with evolving pathogen
surveillance priorities. Such models support sustainable workforce
development in genomic data science for health by embedding men-
torship, practical skills, and regional leadership development within
training programmes (28-30). By empowering subject matter experts
to lead training and shape contextually relevant priorities, these
approaches move beyond one-off workshops toward sustained, locally
anchored genomic capacity.

Most surveyed courses were classified as beginner level, with
relatively few designated as advanced. This emphasis on founda-
tional training reflects the prioritisation of baseline genomic com-
petencies in many workforce development efforts. However,
because courses were categorised into a single proficiency level
and internal progression pathways were not explicitly captured,
tiered or modular programme structures may not be fully visible
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in the current analysis. Competency-based frameworks and dif-
ferentiated curricula such as those developed through Fogarty
initiatives (31, 32), the NGS Academy (33), the Pathogen
Genomics Competency Framework (32), and workshops such as
VEME (34), demonstrate structured approaches to aligning learn-
ing objectives with diverse professional roles and experi-
ence levels.

Variation in entry models across course levels suggests increasing
selectivity with course complexity. While open access was more
common among beginner-level courses, intermediate and advanced
offerings more frequently required selection or structured enrolment
processes. These patterns may reflect efforts to align course complexity
and resource requirements with participant background.

Although many courses reported serving participants from mul-
tiple countries, international reach does not necessarily equate to equi-
table accessibility. Flexible and multi-format approaches were
common, with 40% of courses reporting more than one delivery
mode. A substantial proportion of courses were delivered exclusively
through remote, online or self-paced formats, including MOOC-
based or pre-recorded models following the COVID-19 pandemic (7).
While online delivery can broaden geographic reach and accommo-
date working professionals, participation depends on reliable internet
connectivity, adequate computing resources, and language accessibil-
ity. At the same time, nearly half of courses reported a face-to-face
component. In-person formats support hands-on laboratory instruc-
tion and peer interaction but may introduce barriers related to travel
costs, visa requirements, institutional leave, and limited enrolment
capacity (11). Delivery format therefore influences who is able to par-
ticipate, depending on factors such as connectivity, travel require-
ments, and resource availability. Future work incorporating more
detailed mapping of accessibility by country, delivery mode, and topic
area could further clarify geographic participation patterns and struc-
tural barriers.

One of the persistent challenges in pathogen genomics training is
the lack of mechanisms for monitoring course quality and assessing
trainee competencies (35, 36). Fewer than 15% of courses incorpo-
rated structured evaluations or skills assessments. This may constrain
opportunities for learners to formally demonstrate their competencies
and for institutions to systematically evaluate training outcomes.
While not all short-format programmes are designed to provide aca-
demic credit or formal certification, assessment plays an important
role in verifying skills acquisition and supporting course quality
improvement. This is particularly relevant in online and hybrid for-
mats, where the absence of structured evaluation mechanisms may
make it challenging to track learner progress or validate outcomes. In
addition, many public health programmes may lack access to recog-
nised accreditation mechanisms or ISO-aligned quality standards for
pathogen genomics (1), contributing to variability in skill validation
across contexts. Expanding the use of structured assessments and
exploring context-appropriate accreditation pathways may strengthen
both individual learning recognition and broader workforce capacity
development.

Computational infrastructure is a central component of genomics
training, underpinning participants’ ability to analyse, interpret, and
manage data. The survey data indicate a progression in reported infra-
structure use across the training timeline, with a shift from locally
available computing resources toward more advanced platforms, such
as high-performance computing (HPC) systems and cloud-based
resources.
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Local computers, particularly personal laptops and desktops,
remained the most consistently used resource, reflecting their acces-
sibility and practicality. This aligns with previous studies emphasising
the importance of low-barrier computing environments for early-
stage learners in genomics (27, 37). The increased reporting of HPC
and cloud platforms post-training use suggests that some programmes
successfully introduce participants to more advanced computing envi-
ronments. However, the survey did not assess the depth of infrastruc-
ture instruction, the extent of hands-on engagement with these
platforms, or participants’ long-term access to the diverse computing
resources following course completion. In addition, sequencing plat-
form specificity (e.g., Illumina, Oxford Nanopore, PacBio) was not
captured in the survey. Because different platforms entail distinct
computational workflows and cost considerations, incorporating
platform-specific data in future work will provide clearer insight into
how infrastructure training aligns with data generation laboratory
practice.

The variability in reported platform use highlights the need to
embed infrastructure literacy within training design. Beyond teaching
analytical workflows, programmes should equip learners to navigate
diverse computing environments, adopt reproducible practices and
transition to infrastructure that supports independent application of
skills (20, 38). Initiatives such as Data Carpentry’s Genomics work-
shop, ELIXIR Europe, and H3ABioNet exemplify how integrating
training with practical access to computing infrastructure can support
learners to move from analytic theory to scalable, infrastructure-
enabled practice.

This analysis reinforces observations made by members of the
PHA4GE TWD Working Group, regarding the difficulty of identifying
pathogen genomics training programmes that are findable and acces-
sible. Although training is delivered by diverse organizations, visibility
remains variable, and coordination across providers is limited. The
institutional diversity of training providers reflects a decentralised
ecosystem. While this diversity enables context-sensitive program-
ming, it may also limit coordination. Training efforts often operate in
silos, with little shared visibility, leading to duplication and missed
opportunities for collaboration. The curation of surveyed training
information onto the NGS Academy platform (https://uct-cbio.github.
io/ngs-academy/), represents one effort to improve discoverability of
courses. Continued sharing of curricula, reusable resources, and qual-
ity indicators may further strengthen alignment across training
initiatives.

The findings of this landscape analysis highlight important pat-
terns that align with the priority domains outlined by the PHA4GE
TWD Working Group and illustrated in Figure 5, which focus on
strengthening coordination, curriculum development, and integration
of infrastructure capacity within pathogen genomics education. For
example, limited visibility of training programmes aligns with the pri-
ority area of enhancing discoverability and coordination through con-
tinued landscape mapping and transparent reporting mechanisms.
Similarly, variability in assessment and accreditation practices reflects
the need to strengthen quality assurance and learner-centred evalua-
tion approaches capable of supporting longer-term skill application
and retention. The predominance of short-format and introductory
courses within the surveyed dataset aligns with the priority of
strengthening structured progression pathways. In addition, the vari-
ability observed in infrastructure access and coordination across pro-
viders corresponds with the strategic emphasis on infrastructure
integration and ecosystem strengthening. Collaborative training
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ecosystems supported by shared platforms, reusable materials, and
communities of practice may enhance coherence, reduce duplication,
and improve alignment across initiatives.

Beyond documenting training programme characteristics, this
landscape analysis provides a structured methodological approach
that may inform future efforts to systematically examine distribution,
accessibility, and equity in pathogen genomics workforce develop-
ment. Applying similar mapping strategies across broader contexts
could support improved coordination, resource sharing, and more
inclusive capacity strengthening across regions.

Study limitations

This study has several limitations that should be considered when
interpreting the findings. First, survey dissemination occurred pri-
marily through the PHA4GE Training & Workforce Development
(TWD) Working Group and the professional contacts of its members.
While this strategy enabled access to an engaged community of train-
ing providers active in pathogen surveillance across multiple regions,
it limits generalisability beyond this defined dissemination frame and
time period of data collection. Because the survey was circulated
within this professional network, the resulting dataset reflects patterns
of engagement and reported training activity rather than proportional
geographic representation. The survey was administered in English
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only, which, although widely used in science and global health, may
have influenced participation in regions where other languages pre-
dominate in professional or training contexts. When considered
alongside the dissemination strategy, language accessibility may have
shaped engagement patterns and contributed to lower representation
from regions, including parts of Latin America and Asia.

Second, the study captures self-reported information from train-
ing providers and does not incorporate direct feedback from learners.
Consequently, the analysis does not evaluate the depth of instructional
content, learner experience, competency acquisition or long term
workforce outcomes. Downstream impacts such as integration into
surveillance systems, sustained infrastructure use, or policy influence
were not assessed.

Third, topic coverage was captured at the level of categorical inclu-
sion rather than instructional depth or duration. As such, representa-
tion of content areas should be interpreted as indicators of presence
rather than intensity. Similarly, courses were classified into a single
proficiency level, which may oversimplify modular or tiered pro-
gramme structures. While infrastructure use was documented, the
survey did not capture sequencing platform specificity (e.g., Illumina,
Oxford Nanopore, PacBio), nor did it assess long-term access to insti-
tutional computing resources following training.

Finally, the dataset primarily reflects short-format and stand-
alone, training courses. Embedded academic programmes,
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continuing professional development schemes, and long-term fel-
lowships were not included. Findings should therefore be inter-
preted as describing one part of a broader and evolving training
landscape.

Despite these limitations, the study provides empirical insight into
structural characteristics of training provision within an active inter-
national consortium engaged in pathogen surveillance and offers a
map of training across a defined professional network.

Conclusion

This work provides a structured landscape analysis of pathogen
genomics training initiatives identified within a defined network. The
findings highlight observable structural patterns within the surveyed
programmes, including geographic concentration of training provid-
ers, predominance of introductory formats and variability in assess-
ment practices, and uneven integration of infrastructure-related
competencies.

While the mapped training ecosystem demonstrates diversity in
delivery models and thematic focus, visibility constraints, progression
pathways and coordination across providers were variable. Improving
discoverability, strengthening assessment mechanisms, clearer pro-
gression pathways, and enhanced infrastructure literacy may support
more coherent workforce capacity development. The PHA4GE TWD
Working Group contributes to efforts toward a more adaptable, inclu-
sive and sustainable training ecosystem. By documenting training
programme characteristics and aligning observed patterns with iden-
tified priority domains, this work contributes empirical evidence to
inform future studies and capacity strengthening efforts in pathogen
genomics training.
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