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Abstract
Background  The One Health approach aims to balance and optimize the health of humans, animals, and 
ecosystems, recognizing that shared health outcomes are interdependent. A One Health approach to disease 
surveillance, control, and prevention requires infrastructure for coordinating, collecting, integrating, and analyzing 
data across sectors, incorporating human, animal, and environmental surveillance data, as well as pathogen genomic 
data. However, unlike data interoperability problems faced within a single organization or sector, data coordination 
and integration across One Health sectors requires engagement among partners to develop shared goals and 
capacity at the response level. Successful examples are rare; as such, we sought to develop a framework for local One 
Health practitioners to utilize in support of such efforts.

Methods  We conducted a systematic scientific and gray literature review to inform development of a One Health 
data integration framework. We discussed a draft framework with 17 One Health and informatics experts during semi-
structured interviews. Approaches to genomic data integration were identified.

Results  In total, 57 records were included in the final study, representing 13 pre-defined frameworks for health 
systems, One Health, or data integration. These frameworks, included articles, and expert feedback were incorporated 
into a novel framework for One Health data integration. Two scenarios for genomic data integration were identified in 
the literature and outlined.

Conclusions  Frameworks currently exist for One Health data integration and separately for general informatics 
processes; however, their integration and application to real-time disease surveillance raises unique considerations. 
The framework developed herein considers common challenges of limited resource settings, including lack of 
informatics support during planning, and the need to move beyond scoping and planning to system development, 
production, and joint analyses. Several important considerations separate this One Health framework from more 
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Background
Traditional health surveillance systems of humans, ani-
mals, and associated ecosystem events or impacts rely on 
sectorized and independent data systems, analysis plat-
forms, and visualizations [1]. The concept and approach 
represented by One Health promotes the health and 
wellbeing of the planet and all living things, pushing our 
current systems beyond their siloed approaches to coor-
dination and integration. While surveillance systems may 
vary in their scope, objectives, methods, and platforms, 
there are general commonalities across surveillance 
for health events, which include ongoing: (1) sample or 
data collection, (2) data storage and aggregation, (3) data 
analysis and interpretation, and (4) dissemination or out-
come communication [2, 3]. Moving from a single-sector 
surveillance system to a One Health surveillance system 
requires multi-sector coordination at points along this 
surveillance pathway.

While many organizations, agencies, and authors have 
called for integration of surveillance data systems across 
One Health, few examples of systems developed at the 
sub-national level, where response to health events gen-
erally occurs, are available. Those that exist are largely 
focused on a single condition or health hazard (e.g., West 
Nile virus, antimicrobial resistance) and are created in 
response to a known problem [4]. Systems that exist at 
the national or international scale suffer from reduced 
timeliness, completeness, and granularity, impeding 
response at the local level. Challenges currently obstruct-
ing systems integration include data dispersion across 
many domains, heterogeneous data collection methods, 
lack of semantic interoperability, and complex data gov-
ernance [5]. Data jurisdiction and organizational man-
dates differ between sectors, particularly public health, 
animal health, plant health, and environmental health 
and food safety [4]. Additionally, informatics capacity 
varies widely across systems, from paper data collection 
to complex systems with standardized and automated 
reporting [5]. Within the United States, state and local 
governments often have aging data infrastructure and 
an urgent need for data modernization. Often, funding 
is vertically allocated with limited or no resources avail-
able for cross-sector work, and resources may be scarce 
even within One Health sectors [4]. At present, there are 
no state or federal mandates or policies supporting One 
Health coordination at the local level.

Despite logistical, governance, and financial barri-
ers, the development of integrated One Health data sys-
tems has potential to improve prevention and control or 
management efforts [6]. Specifically, inclusion of labora-
tory diagnostic data and epidemiological data covering 
humans, domestic animals, and wildlife alongside envi-
ronmental data and biodiversity data promises a more 
holistic picture of One Health events. Coordinating and 
integrating data across knowledge domains along the 
surveillance pathway, from collection to dissemination, 
could provide new insights into One Health-based solu-
tions to address challenges in disease control and pre-
vention at the human-animal-environmental interface, 
identify novel hypotheses related to health events, and 
improve early warning for impending health events [7, 8].

In addition to developing integrated One Health data 
systems, another promising advancement for One Health 
surveillance is the use of pathogen genomic sequencing 
and analyses in support of infectious disease surveil-
lance [9]. Pathogen genomic data is host-agnostic, and 
phylogenetic analysis allows for assessment of transmis-
sion dynamics at the human-animal-environment inter-
face. This technology can be applied across bacterial, 
viral, fungal, and parasitic pathogens. Implementation 
of integrated genomic surveillance allows for early out-
break detection and improved understanding of patho-
gen reservoirs, evolution, and modes of transmission, 
enabling proactive prevention of One Health threats [10]. 
However, challenges in the development and application 
of pathogen genomics surveillance systems remain, par-
ticularly in government institutions, including labora-
tory capacity for sequence generation and the capacity 
to assemble, analyze, and interpret genomic data in real-
time [10, 11].

Use of an integrated approach to genomic epidemi-
ology has been most commonly applied in the area of 
food-borne disease, with the collection of genomic and 
epidemiological data from human, veterinary, food, and 
environmental domains in systems such as PulseNet, 
GenomeTrakr, and the National Center for Biotechnol-
ogy Information (NCBI) in the United States and the 
European Food Safety Authority (EFSA) One Health 
Whole Genome Sequencing (WGS) System in the 
European Union [12, 13]. The nature of food distribu-
tion systems requires national or international coordi-
nation; however, data integration alone without joint 

generalized informatics frameworks; these include complex partner identification, requirements for engagement and 
co-development of system scope, complex data governance, and a requirement for joint data analysis, reporting, 
and interpretation across sectors for success. This framework will support operationalization of data integration at 
the response level, providing early warning for impending One Health events, promoting identification of novel 
hypotheses and insights, and allowing for integrated One Health solutions.
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analysis, interpretation, investigation, or intervention 
to improve health is not fully representative of a One 
Health approach [4]. Implementing co-analysis requires 
building capacity in human, animal, and environmental 
sectors for producing, sharing, and analyzing sequence 
data – including hiring and training bioinformaticians 
[14]. Expansion of a One Health approach to integrated 
genomic surveillance has not yet been widely extended 
to zoonotic or vector-borne disease pathogens, despite 
increasing risk for impact of these pathogens on a global 
scale and clear multisector benefits for understanding 
transmission at the local human-animal-environment 
interface.

Effective genomic epidemiologic and traditional epi-
demiological analyses require compilation of data and 
metadata in a systematic way. Integration across domains 
to develop One Health surveillance systems, including 
for pathogen genomic data, requires implementation of 
emerging technologies and database infrastructures, such 
as application programming interfaces (APIs), artificial 
intelligence (AI), machine learning (ML), and alterna-
tive data systems [5, 11]. Application of these technolo-
gies could allow automated data collection from diverse 
sources and improved cross-domain analytics.

In Washington State government, One Health has been 
operationalized as a cross-agency collaborative with rep-
resentatives from One Health institutions meeting quar-
terly to ensure ongoing collaborative relationships and 
communication [15]. Additionally, a One Health Surveil-
lance and Data Systems Workgroup meets monthly to 
improve data sharing, integration, and visualization in 
support of One Health prevention and response. In 2022, 
this workgroup began discussing development of an inte-
grated One Health surveillance system for Washington 
State. However, we lacked a framework for operational-
izing One Health data integration at the state level. To 
better understand the current landscape of One Health 
frameworks applied to integrate surveillance systems and 
facilitate co-analysis of multiple data streams, we under-
took a study of the existing literature. The overall objec-
tive of this work was to identify existing resources and 
develop a conceptual framework, leveraging concepts 
from One Health and informatics disciplines, with a focus 
on pathogen surveillance and genomic data integration, 

for One Health practitioners to utilize while implement-
ing One Health data integration at the response level.

Methods
This study used a mixed methods approach, combin-
ing a systematic literature review and semi-structured 
interviews with purposively selected key informants rep-
resenting One Health, informatics, and genomic epidemi-
ology to understand existing frameworks and examples 
of cross-sectoral data integration in these domains. The 
development of a conceptual framework for One Health 
data integration consisted of four stages: (1) a review of 
the existing literature to draft an initial framework, (2) 
key informant interviews including review of the draft 
framework, (3) synthesis of information and incorpora-
tion into design of the framework, and (4) key informant 
review and revision of the framework for finalization.

Literature review search strategy and data extraction
We defined the search criteria to focus results related to 
“One Health” and “Data Systems” or “Data Integration” 
or “Genomic Data” or “Informatics” or “Digital Health” 
or “Surveillance System” and searched PubMED and 
Web of Science using Medical Subject Headings (MeSH) 
terms. No publication date restrictions were employed. 
Following the structure provided in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement, we organized the selection process 
in three phases: identification, screening, and inclusion 
[16]. One reviewer (HNO) conducted an initial screen-
ing on results, which included peer-reviewed publica-
tions, pre-print articles, abstracts, and other reports, 
for relevance based on title and abstracts. Articles were 
screened-in if they included mention of One Health and 
included at least one intervention and/or outcome as 
outlined in Table 1.

We excluded articles that described an existing surveil-
lance system or process without description of system 
development or lessons learned, for example, articles:

 	• About application of genomic analyses to a One 
Health problem.

 	• Predominantly focused on describing or evaluating 
existing surveillance systems, without description of 
system development.

 	• Predominantly focused on technological or research 
advances relevant to One Health (e.g., metagenomic 
sequencing or viral discovery).

Following this, potentially relevant articles were down-
loaded and reviewed in full text by one reviewer (HNO). 
Reference lists of primary articles were searched for addi-
tional studies.

Table 1  Scope of the literature review
Population/Problem Multi-sector (human/animal/en-

vironmental health), One Health
Intervention Data systems development, data 

systems integration, framework for 
data integration

Outcome Integrated surveillance, integrated 
data system, genomic data system, 
One Health informatics, One Health 
surveillance system, framework
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Additionally, we searched for relevant gray litera-
ture (i.e., websites, reports, protocols, and other docu-
ments) on the following agency websites: US Centers for 
Disease Control and Prevention (CDC), United States 
Agency for International Development (USAID), United 
States Department of Agriculture (USDA), Food and 
Drug Administration (FDA), United States Geologi-
cal Survey (USGS), United States Fish and Wildlife Ser-
vice (USFWS), Environmental Protection Agency (EPA), 
European Centre for Disease Prevention and Control 
(ECDC), EFSA, One Health Commission, World Health 
Organization (WHO), Food and Agriculture Organiza-
tion of the United Nations (FAO), and World Organisa-
tion for Animal Health (WOAH). All relevant documents 
were downloaded in full text and underwent an eligibility 
assessment for inclusion by one reviewer.

We analyzed all included articles by abstracting the 
following data elements: title, authors, journal, year, 
article described or discussed data system develop-
ment (yes/no), article described or discussed data sys-
tem integration (yes/no), framework proposed for data 
integration (yes/no), and framework utilized for data 
integration (yes/no). Articles were included in this study 
if the response was ‘yes’ to any of the above questions. In 
addition, we captured whether articles included discus-
sion of genomic data integration.

Framework development
Included articles were further reviewed for presence of 
a framework related to data integration, lessons learned 
during data system development or integration, or 
description of framework implementation. We extracted, 
reviewed, and synthesized these components into the 
design of a new framework for One Health practitioners 
to implement One Health data integration, with a focus 
on pathogen surveillance. A framework implementation 
guide was also developed to outline specific consider-
ations for each framework step, as well as existing tools 
or references for each step.

Articles that included discussion of genomic data 
integration were identified and categorized as: (1) those 
that discussed genomic data generally; (2) those that 
gave examples or potential approaches for genomic data 
integration. Where approaches to genomic data integra-
tion were provided, they were summarized, and a figure 
depicting summarized approaches was developed.

Key informant interviews
We developed two semi-structured tools to guide discus-
sion for the key informant interviews. One tool focused 
on identification of existing One Health frameworks, 
examples of integrated data systems that exemplify this 
work, and a detailed review of the drafted framework 
and implementation guide. The second tool focused on 

identification of frameworks from informatics that may 
be applied to inform development of a novel frame-
work and considerations for database structures. Purpo-
sive sampling was used to select participants, based on 
area of expertise and involvement in One Health work 
or data systems and informatics work. We used these 
key informant interviews to supplement the literature 
review described above - to identify additional examples 
of One Health data systems development, One Health 
data integration, or framework development or applica-
tion of One Health data integration. A total of 19 indi-
viduals were invited via email to participate, 17 of whom 
agreed and were interviewed during October-November 
2023. All interviews were conducted one-on-one in Eng-
lish over video call using one of the semi-structured tools 
described above. Feedback from these discussions was 
integrated into framework design, and an updated ver-
sion of the framework was shared back to key informants 
for finalization.

Results
Literature review
The initial literature search identified a total of 1,515 
records. Following screening, deduplication, and assess-
ment of inclusion criteria, as well as review of references 
and gray literature review, 57 records were included in 
the final study (Fig.  1). From these 57 documents, we 
identified 2 broad health systems frameworks [17, 18], 
3 general One Health frameworks [19–21], and 8 One 
Health data integration-specific frameworks [2, 4, 6, 22–
26] (Table 2). The remaining 44 articles meeting inclusion 
criteria described integrated data system development 
[5, 10, 13, 27–45], described general data system devel-
opment/improvement [8, 11, 46–48], or discussed data 
system integration [7, 12, 49–63]. Although these arti-
cles did not define specific frameworks, lessons learned 
during data system development or integration and best 
practices in data integration were included in our final 
framework and implementation guide, which outlines 
specific questions and considerations for each framework 
step, as well as existing tools or references that may be 
useful (Supplementary Material).

One health data integration framework
Common and unique elements of the above-identified 
frameworks were outlined; combined with the authors’ 
own experiences, these were integrated into a draft data 
integration framework (Table  2). One Health expert 
interviewees included 12 representatives of state agen-
cies of public health, agriculture, and fish and wildlife; 
federal agencies of public health and agriculture; and 
university representatives. Five informatics expert inter-
viewees represented state and federal public health agen-
cies and university representatives. The final framework 
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and implementation guide were developed following 
feedback from these interviews and final revision by the 
interviewees (Fig. 2, Supplementary Material).

Unique perspectives captured in the One Health expert 
interviews that altered the framework included the cycli-
cal nature of the planning stage where system scoping, 
data mapping, and gap analysis re-inform partner iden-
tification, and each step informs an action and fund-
ing plan. Consideration of data governance and external 
data sharing were highlighted as critical, and additional 
considerations and resources on these topics were added 
to the implementation guide. A step for monitoring and 
evaluation was also added to capture the need for itera-
tive evaluation and improvement of an integrated sys-
tem. A requirement for system flexibility and future 
re-scoping and improvements was highlighted. Addi-
tionally, a framework not previously identified through 
the literature or gray literature reviews was identified 
through expert interview: the Integrated Disease Surveil-
lance and Response (IDSR) Sect. 9: Electronic Integrated 
Disease Surveillance and Response [64]. This framework 
was reviewed and incorporated into the implementation 
guide.

Informatics expert interviews identified the subject-
agnostic problems of data integration and interoperabil-
ity, as well as commonalities of the framework’s planning 
stage to the work normally performed during business 
process mapping efforts. However, these efforts gener-
ally occur within the funded scope of an existing project 
at a single agency/institution. Within this One Health 
framework, funds are generally unavailable in the plan-
ning stages, often prohibiting informatics support, and 
the scope is not clearly defined at the outset. To ensure 
that adequate business process mapping is performed, 
working groups will likely need to revisit the scope, data 
mapping, and gap analysis after onboarding informati-
cians, prior to system specification. Emphasis was placed 
on clear identification of the problem to be solved and 
outlining the specific outputs of an integrated system. 
One key example of system scoping was an approach 
where partners work through an exercise to agree on 20 
questions the system should be able to answer, includ-
ing enough specifics (such as time period and location), 
to inform data design [65]. The requirements inherently 
outlined in these questions can then be used to specify 
the system scope and work toward system specifica-
tions. Emphasis was also placed on data collection and 

Fig. 1  Identification, screening, and inclusion of articles from literature and gray literature searches
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integration even in advance of standardization within 
this large of an integration effort to avoid getting stuck in 
system specification, as well as starting from raw data and 
including data transformation code within the system 
(e.g., using Structured Query Language (SQL)). Finally, 
with respect to flexibility for future system changes, 
changing infrastructure and technology should be con-
sidered in addition to changing surveillance priorities.

One health genomic data integration
Genomic data integration was addressed by 10/57 arti-
cles (18%). Of these, 3 discussed the growth in genomic 
data production and analysis, the importance of con-
sidering genomic data when conducting integration, or 
the need for Standard Operating Procedures for labora-
tory and bioinformatic efforts across One Health sectors 
[2, 5, 26]. Seven articles outlined examples or poten-
tial approaches for genomic data integration [8, 10, 11, 
13, 28, 35, 38] (Table 3). Across these articles, common 
themes included pairing sequence data with a critical set 

Table 2  Health systems, general one health, and one health data integration frameworks identified during literature review
Name/Title Reference Description Factors implemented into study 

framework
Health Systems Frameworks
WHO Ten steps to systems 
thinking in the health system

18 Tool for applying systems thinking to health 
systems

Considered steps in development of final 
framework, notably including funding and 
a consideration of unexpected outcomes, 
as well as baseline and post-evaluation.

UNECE Generic Statistical 
Business Process Model

17 Generic process model for production of 
official statistics

Integrated steps from “specify needs” into 
system scoping.

General One Health Frameworks
GOHF (Generalizable One 
Health Framework – CDC)

19 Generalizable One Health framework for the 
control of zoonotic disease

Ensured activities represented in the 
generalized framework were covered in 
developed framework.

Overarching One Health 
conceptual framework

20 Implementation cycle to inform One Health 
tool use

Integrated steps of cycle into overall 
framework structure.

OH-SMART 21 Multi-sectoral health system analysis and 
process improvement toolkit

Integrated OH-SMART steps into the 
planning/pre-funding steps of the final 
framework.

One Health Data Integration-Specific Frameworks
Matrix Integrate-OHSS 2; https://ejp-matrix.eu/ A framework to develop a One Health sur-

veillance System from an existing system
Integrated steps into overall framework 
structure, utilized multiple resources to 
develop implementation guide.

One Digital Health 22, 70 A framework for future health ecosystems, 
joining the concepts of Digital Health and 
One Health

Integrated aspects of data standardization 
and interoperability, consideration of novel 
data sources

Socio-technical framework to 
develop common stakehold-
er vision for surveillance

23 A framework to help stakeholders develop a 
common vision of their desired surveillance 
system and forge the innovation pathway 
toward it

Consideration of strengthening existing 
surveillance capacities as part of the frame-
work for integration. Framework steps 1–4 
integrated in the final framework.

Standardized framework for 
data integration

24 Outlines essential data elements and a 
consistent reporting template, including 
mapping to SNOMED codes

Integrated into step 6 “Outline data design 
and user requirements.”

A conceptual framework for 
organization of collaboration 
in a One Health surveillance 
system

4 Outlines organization factors conducive to 
sustainable collaboration, as well as aspects 
of collaboration supporting One Health 
surveillance systems

Integrated in the partner identification 
(1) and funding plan (5) steps of the 
framework.

A Tripartite Guide to Address-
ing Zoonotic Diseases in 
Countries Sect. 5.2.2

6 Outlines elements for establishing a com-
prehensive, coordinated system for surveil-
lance and information sharing

Integrated outlined elements into overall 
framework.

Tripartite Surveillance and 
Information Sharing Opera-
tional Tool

25 Tool for establishing or strengthening a One 
Health multi-sectoral coordinated surveil-
lance and information sharing (SIS) system 
for zoonotic diseases

Integrated outlined elements into overall 
framework, utilized multiple resources to 
develop implementation guide.

OHHLEP One Health surveil-
lance system development 
framework

26 Outlines 6 steps to overcome barriers and 
optimize an integrated One Health Surveil-
lance system

Integrated outlined elements into overall 
framework.
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Fig. 2 (See legend on next page.)
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of metadata according to a set of standards, standardiza-
tion in quality checks and bioinformatics pipelines, and 
analysis across One Health sectors. Additional best prac-
tices included controlled data access to allow restricted 
and public views (i.e., data sharing and access principles), 
a process for data updates and corrections, connections 
of distributed databases through APIs, reproducible 
analyses, expanding the technical workforce across sec-
tors, and open data sharing. In particular, WHO’s “Global 
genomic surveillance strategy for pathogens with pan-
demic and epidemic potential, 2022–2023” calls for both 
leveraging genomics across One Health sectors and mak-
ing the use of genomics routine in surveillance practice 
and disease prevention, preparedness, readiness, and 
response [8].

Overall, there were two proposed structures that could 
be applied to One Health genomic epidemiologic data 
storage and analysis: (1) the integrated database is config-
ured to store sequence data (either raw sequencing read 
data or both raw and assembled data) alongside meta-
data, with a process for standardized upload to public 
repositories; or (2) the integrated database stores only 
the public repository sequence identifiers alongside the 
metadata (Fig. 3). All implemented examples in the litera-
ture represent scenario one. In this scenario, platforms 
allow for local analysis and visualization with controlled 
access but require substantial infrastructure and support 
[10, 28, 38]. In the second scenario, sequence data from 
public repositories would need to be extracted and com-
bined with metadata prior to analyses using tools external 
to the common platform [11]. In either scenario, the inte-
grated genomic data should be generated with validated 
assays, assembled using standardized assembly pipelines 
that include quality checks across hosts, and integrated 
with other One Health data prior to joint visualization 
and analysis, with interpretations communicated across 
sectors.

Discussion
We undertook a literature search to inform development 
of a conceptual framework for One Health data integra-
tion, focusing on pathogen surveillance and genomic 
data. Although existing frameworks for One Health 
data integration were identified, none reflected the full 
scope of undertaking this work at the local or state level, 
instead focusing mainly on planning stages. Similarly, 
none were identified as implemented for integration at 
this level. We sought to develop a framework that bet-
ter captures elements required for start-to-finish imple-
mentation of integrated One Health surveillance at the 
response level. To do so, we combined the results of the 
literature review, the authors’ experience in Washington’s 
One Health Surveillance and Data Systems Workgroup, 
and expert interviews that included informaticians and 
One Health experts from inside and outside this work-
group. In particular, our overlay of key One Health con-
siderations with generalized informatics frameworks is a 
novel approach to framework development in this topic 
area. We believe this framework can be utilized by other 
jurisdictions seeking to undertake data integration at the 
response level.

We identified eight previously published One Health 
data integration-specific frameworks. Of these, two pro-
vided substantial resources and were the most informa-
tive to the proposed framework: the Matrix Integrate 
One Health Surveillance System (OHSS), which provided 
a step-by-step guide to creating a One Health surveil-
lance system from existing surveillance programs (https:/​
/ejp-ma​trix.eu​/ove​rview/)2, and the Tripartite Zoono-
ses Guide Surveillance and Information Sharing Opera-
tional Tool (SIS OT) [25]. In particular, the data mapping 
tool from OHSS provided useful considerations to assist 
jurisdictions in conducting the data mapping step of the 
process. This tool and other relevant tools are referenced 
throughout our framework implementation guide (Sup-
plementary Material). Of these eight frameworks, only 
three considered the identification of funding or other 
resources as part of the framework [4, 6, 25]. None except 

(See figure on previous page.)
Fig. 2  A One Health Systems Framework for Data Integration. First, a workgroup is formed, considering participants from sectors that collect, analyze, 
and have governance over relevant data, as well as from different disciplines, the research community, public-private partnership, or community part-
ners. This workgroup scopes the system to clearly define the purpose and outputs. Based on the specified scope, a data mapping process is performed 
to understand what relevant data is available and whether the data timeliness, completeness, granularity, and quality support the scope. Current data 
structures, access, and connections are defined, and system capabilities (such as data export formats or capacity to send or receive standardized mes-
saging) are outlined. Partner inclusion may be assessed throughout the process of data mapping, and system scope may need alterations dependent on 
available data. Based on the differences in the desired system and the mapped current system, gaps in data, data linkage, and data access are identified. 
Recommendations for improved data capture or sector-specific data systems to support a future integrated data system may be needed. An action and 
funding plan should be jointly developed throughout this process. A One Health data integration informatics team should be in-place prior to system 
development. In the system development phase, system specifications are outlined, including the data design, user requirements, data governance, 
and data security levels. Based on these system specifications, database structure options are considered, prioritizing modern data connections, limiting 
manual data manipulation, and future system needs for flexibility. The selected approach is used to identify potential system options. Once a system is 
in-place, the production phase should include user onboarding and training, system documentation, implementation of joint analyses, external data 
sharing oversight, ongoing monitoring and evaluation, and a plan for system maintenance and improvement. This last step may include revisiting system 
scope to add future capacity. See the framework implementation guide for additional detail

https://ejp-matrix.eu/overview/
https://ejp-matrix.eu/overview/
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SIS OT adopted feedback loops, instead proceeding in 
a stepwise fashion from start to finish. Most considered 
the steps reflected in our planning/pre-funding phase 
but did not consider steps following resource allocation. 
Developing these continuing steps of the framework 
gives jurisdictions a path beyond envisioning this system 
to move toward implementation. In addition to working 
toward data integration, One Health partners will need 
to consider how surveillance efforts supported by the 
data integration platform will support prevention and 
response. In parallel to data integration processes, juris-
dictions should develop an integrated plan for conditions 
under surveillance, including how integrated data visual-
ization and analyses will be utilized in support of preven-
tion and response activities. This plan can help to inform 
the implementation of framework steps, including data 

design, analytics approaches, and implementation of 
joint analyses.

During the expert interviews, we discussed how this 
framework differed from one that would be commonly 
applied to general issues of data interoperability and sys-
tems design, such as a general data management frame-
work or system development lifecycle (SDLC) model. 
A general data management framework may consider 
elements such as data governance, data quality, data 
integration, data security, data privacy, data retention, 
data architecture, and data analytics. An SDLC encom-
passes planning, analysis, design, development, inte-
gration and testing, implementation, and maintenance. 
Although these generalized frameworks were reviewed 
to ensure consideration of all aspects across our frame-
work, placing this framework within the One Health 
context requires several important adaptations. First, 

Table 3  Potential approaches for one health genomic data integration
Reference Overview Approach
28 Describes a shared secure surveil-

lance platform between human and 
veterinary medicine in Switzerland

• Includes human, animal, environmental, and food isolates
• Includes sequence data and associated metadata
• Features controlled data access
• Allow complex dynamic queries
• Features dashboards
• Automated data sharing with international repositories
• Incoming data are quality- checked, curated, standardized where needed and 
processed/annotated with dedicated bioinformatics pipelines

10 Describes a shared platform for 
multisectoral data collection and 
bioinformatic analysis in Italy

• Includes isolates from food, environment, human and non-human and associ-
ated metadata
• Bioinformatics tools sharing a common workflow system
• Process for quality control

13 Outlines best practices for One 
Health contributions to open access 
databases

• Store the sequence with metadata
• Inclusion of specimens from human, animals, food, and environment
• Thresholds for QC
• Contact information for submitters
• Process for updating data, responding to requests, and correcting submissions

35 Describes a federated ecosystem 
as a possible solution for sharing 
genomic data

• Encourages use of federated databases
• Connections of distributed databases through APIs

38 Describes a One Health system 
for hepatitis E virus surveillance in 
Europe

• Inclusion of human, animal, food, and environmental samples
• Secure online environment
• All sequence data with a restricted set of associated metadata become publicly 
available at a time specified by the data provider

11 Describes 10 recommendations for 
an informatic ecosystem to support 
pathogen genomic analysis in 
public health agencies

• Consistent data model (pairing sequence data with metadata)
• Strengthen APIs to automate querying and analysis
• Data management and stewardship
• Bioinformatics pipelines open-source and accessible
• Develop modular pipelines for data visualization and exploration
• Improve the reproducibility of bioinformatics analysis
• Utilize cloud computing
• Expand the technical workforce
• Improve the integration of genomic epidemiology with traditional epidemiology
• Best practices to support open data sharing

8 Describes 5 objectives for genomic 
surveillance strengthening

• Improve access to tools for better geographic representation
• Strengthen the workforce to deliver at speed, scale, and quality
• Enhance data sharing and utility for public health decision-making and action
• Maximize connectivity
• Maintain a readiness posture for emergencies
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Fig. 3  Model one health database and scenarios for genomic data storage
(A) Model One Health Integrated Database, (B) Elaboration of scenarios for genomic data storage and analysis. Scenario 1: sequence data is stored within 
the integrated One Health database, which contains standardized assembly pipelines and quality checks as well as analysis pipelines and visualization 
tools. Scenario 2: sequence data is stored external to the integrated One Health database and linked through public sequence repository identifiers. To 
conduct analyses, sequence data is extracted from a public repository, combined with extracted data from the integrated One Health database, and 
analyzed using standardized pipelines. Analysis and visualization occurs external to the integrated One Health database
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partner identification is complexified by consideration 
of professionals in various sectors across human, animal, 
and environmental health who may include collectors, 
users, or interpreters of relevant data. The system scop-
ing and definition is not an obvious or clearly defined 
problem as may often be the case within a single-sector 
data integration problem, instead requiring engagement 
and co-design across sectors. Data systems mapping 
spans agencies and institutions and connections between 
sectors may not be apparent. Each of these steps may 
result in feedback loops to the previous steps. Although 
the planning stage may reflect the work commonly per-
formed during business process analysis, this step is per-
formed in advance of funding allocation and likely does 
not include a trained informatician or analyst to support 
the effort. Data governance conversations will be critical 
and will likely define parts of the system scope. Govern-
ment agency information technology (IT) requirements 
will limit possible informatics approaches. Finally, the 
requirement for planning for joint analysis, reporting, 
and interpretation across sectors is unique to the One 
Health model.

Genomic data integration was considered in one pre-
vious framework: the One Health High Level Expert 
Panel (OHHLEP) One Health surveillance system devel-
opment framework acknowledges that design aspects 
should accommodate technological advances, such as 
WGS. When discussing specific disciplines for imple-
mentation, laboratories are identified as an area where 
integration can occur both at the testing and analysis 
levels, including sequencing and bioinformatic, genomic, 
phylogenetic, and phenotypic analyses [26]. In addi-
tion, the One Health Surveillance Codex, which includes 
Integrate-OHSS, also includes a “Sequencing for Surveil-
lance Handbook” [2, 66]. This handbook is not referenced 
within Integrate-OHSS but is a separate tool. Consider-
ation of different data types, including genomic data, is 
vital to system design and successful implementation, 
even in settings where this capacity is not yet available. 
Failure to consider and include genomic data or data 
identifiers in a One Health system application may result 
in rapid obsolescence, as infectious disease surveillance 
is increasingly reliant on genomic epidemiology to sup-
port surveillance and investigation, as well as hypothesis 
generation.

We outline two scenarios identified in the literature 
for inclusion of genomic data in planning for an inte-
grated One Health data system. In scenario 1, either raw 
or raw and assembled sequence data are included inter-
nal to the system, in scenario 2, sequence identifiers are 
included as linkages without storage of the full sequence 
data. All implemented examples in the literature repre-
sented scenario 1. The potential benefits of this scenario 
were identified as internal standardization of assembly 

and quality checks, visualization of integrated data 
within a controlled-access system, and improved oppor-
tunities for shared analysis resources and joint analyses. 
However, substantial storage capacity to maintain full 
sequence data and infrastructure development for stor-
age and computation are required. Computing resources 
available to the developed infrastructure may limit the 
types of analyses that could be performed. A potential 
modification of this scenario is the storage of assembled 
sequences only and the use of the Sequence Read Archive 
(SRA) for raw data storage; however, this removes the 
possibility of standardized assembly pipelines within the 
system which was outlined as a major benefit.

Scenario 2 potentially allows for more flexibility in 
selection of analysis and visualization tools and removes 
the storage burden of sequence data. However, this sce-
nario requires establishing a process for linking sample 
identifiers (such as laboratory accession numbers) to 
repository unique identifiers to ensure linkage is main-
tained. In Washington State, scenario 2 has been imple-
mented with respect to linked human genomic and 
epidemiologic data, and we foresee this as a scalable and 
preferred option for most databases, especially those 
developed in low-resource settings. Standardized qual-
ity checks are already in place in public repositories, 
and this option provides flexibility in case the amount 
of data exceeds storage capacity, as well as flexibility in 
the selection of analysis and visualization tools. In many 
cases, access to raw sequence data may not be avail-
able, and data within public repositories may represent a 
wider capture of sequence data. However, one limitation 
of this scenario is the inability to perform standardized 
assembly, requiring additional coordination at the labora-
tory and bioinformatics levels. Integration at the labora-
tory level provides opportunities for increased efficiency 
and cost-effectiveness, while removing barriers to data 
integration.

One key requirement of integrated genomic epidemio-
logic analysis of emergent surveillance data is the avail-
ability of a platform for joint analysis and visualization 
within a controlled-access system. Indeed, this require-
ment appeared to drive the selection of scenario 1 in 
most if not all instances identified. Alternatives to devel-
oping additional systems for visualization and analysis 
while allowing for controlled access include shared analy-
sis files for visualization with Nextstrain Auspice ​(​​​h​t​t​p​s​:​/​
/​a​u​s​p​i​c​e​.​u​s​/​​​​​)​, developing a Nextstrain group ​(​​​h​t​​t​p​s​​:​/​/​n​​e​x​​
t​s​t​r​a​i​n​.​o​r​g​/​g​r​o​u​p​s​/​​​​​)​, or using an alternative visualization 
platform with controlled access, such as Data Flow and 
MicroReact [67, 68]. Each of these alternatives come with 
their own challenges for process development that must 
be considered.

This review is subject to several limitations. The 
search strategy for inclusion of articles focused on those 

https://auspice.us/
https://auspice.us/
https://nextstrain.org/groups/
https://nextstrain.org/groups/
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containing reference to One Health; therefore, this 
review does not provide an exhaustive overview of cross-
sector data integration frameworks. A single author 
performed article screening and review for inclusion; 
review by multiple authors may have led to identification, 
inclusion, or exclusion of additional articles that may be 
relevant to this study. The focus of this review targeted 
pathogen surveillance and genomic data integration – 
there are also many health conditions unrelated to patho-
gens that require a One Health approach. Although we 
did not specifically address these other health conditions 
and the need for novel data sources such as from the 
social or behavioral sciences, this framework may likely 
be extended for application to non-infectious condition 
sources. Likewise, our work focused on the development 
of an integrated system from existing siloed systems; an 
ideal surveillance system likely includes elements that 
may not yet exist at the local level such as animal health 
syndromic surveillance, citizen science reporting across 
sectors, and robust veterinary laboratory data report-
ing from commercial laboratories. Development of new 
primary systems was not included outside of consider-
ation of areas for improved primary data capture or data 
systems.

Many of the identified frameworks included overlap-
ping elements; indeed, although we re-conceptualized 
the planning stage of our framework as cyclical instead 
of stepwise, these elements were reflected across other 
frameworks. In addition to the cyclical nature of the plan-
ning stage, the novelty of our framework is in the expan-
sion to system development and production, providing a 
framework for the path forward to implementation, and 
in the overlay of informatics frameworks and concepts. 
We emphasize the importance of considering multi-level 
data, including plans for pathogen genomic data early in 
the process, to ensure a holistic One Health surveillance 
approach that recognizes the increasing importance of 
genomic epidemiology in infectious disease surveillance 
methods. The development of this framework makes it 
clear that both a coordinating workgroup and a technical 
workforce with expertise in informatics are required to 
support the development of One Health systems. The lack 
of such available expertise devoted to One Health work 
may partially explain the dearth of integrated systems at 
the response level. Jurisdictions seeking to develop One 
Health systems in the absence of engaged support from a 
coordinating workgroup and workforce could potentially 
make progress through smaller-scale data collection and 
integration in advance of system standardization. Such 
work may allow for additional advocacy and funding for 
larger multi-agency One Health projects.

Government data systems are often outdated and do 
not often make use of technologies like artificial intel-
ligence and machine learning. These technologies hold 

great future promise for overcoming challenges such as 
lack of semantic interoperability, data mapping, and data 
integration [5]. Modern data architecture should be con-
sidered key in the sustainable development of integrated 
One Health data systems. To ensure not only the devel-
opment of integrated systems but also their sustainabil-
ity, this framework outlines developing common goals, 
strong governance, and routine coordination and com-
munication [6]. In addition, policy or legislation change 
is considered at multiple steps, to improve the landscape 
for data collection, data sharing, and process support. 
In Washington State, this work was exemplified dur-
ing recent efforts to improve data sharing between the 
Washington State Department of Agriculture and the 
Washington State Department of Health; in addition 
to co-creation of a new process for data collection and 
cross-reporting, the Washington Administrative Code 
was updated to require reporting of animal diseases of 
public health concern.

Conclusions
Conducting real-time surveillance and response using 
the One Health approach requires a range of expertise 
both across One Health sectors and across disciplines, 
such as epidemiology, veterinary medicine, genomics, 
bioinformatics, informatics, and laboratory sciences. 
Benefits are gained not just from integrating data but 
from conducting joint analyses, bringing together a suf-
ficient range of expertise to improve early detection and 
response [69]. This One Health data integration frame-
work will help jurisdictions operationalize this work at 
the response level, moving past envisioning a system to 
allow implementation of systems development, leading 
to joint analyses and response. As such, it can serve as 
a model for implementation at the national level as well. 
The framework’s focus on real-time pathogen surveil-
lance and genomic data integration reinforces, modern-
izes, and expands our joint ability to prevent and control 
disease for the health of humans, animals, and the envi-
ronment we share.
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