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Key Messages
n Digital adaptation kits (DAKs) translate World Health

Organization (WHO) guidelines for a health domain area
into a package of business process workflows, core data
needs, decision-support algorithms, linkages to
indicators, and functional requirements that can then be
more easily translated into digital systems.

n DAKs are part of the suite of tools within the WHO
SMART (Standards-based, Machine-readable, Adaptive,
Requirements-based, and Testable) guidelines approach
to systematically reinforce clinical, public health, and data
recommendations within digital systems.

n DAKs serve as a critical step in fulfilling WHO’s long-term
vision of SMART guidelines for transforming guideline
development, delivery, and application in the digital age.
A key measure of success will be ensuring countries can
adapt the generic DAKs according to their digital
ecosystem and aligned to their national health policies.

n Collaborations across health program leads, digital health
and health information systems focal points,
implementers, software developers, and service
providers will be critical for the effective use of DAKs
within country contexts.

ABSTRACT
Introduction: The transition from paper to digital systems requires
quality assurance of the underlying content and application of data
standards for interoperability. The World Health Organization
(WHO) developed digital adaptation kits (DAKs) as an operational
and software-neutral mechanism to translate WHO guidelines into a
standardized format that can be more easily incorporated into digi-
tal systems.
Methods: WHO convened health program area and digital
leads, reviewed existing approaches for requirements gathering,
mapped to established standards, and incorporated research
findings to define DAK components.
Results: For each health domain area, the DAKs distill WHO
guidelines to specify the health interventions, personas, user sce-
narios, business process workflows, core data elements mapped
to terminology codes, decision-support logic, program indicators,
and functional and nonfunctional requirements.
Discussion: DAKs aim to catalyze quality of care and facilitate
data use and interoperability as part of WHO’s vision of SMART
(Standards-based, Machine-readable, Adaptive, Requirements-
based, and Testable) guidelines. Efforts will be needed to strength-
en a collaborative approach for the uptake of DAKs within the local
digital ecosystem and national health policies.

INTRODUCTION

Countries are increasing investments into the digiti-
zation of legacy paper-based systems, such as regis-

ters and tally sheets, as part of efforts to improve quality
of care, data use, and accountability, as well as to reduce
the clerical burden on health workers.1–5 This introduc-
tion of digital toolsmay be done through electronicmed-
ical records or systems to track an individual’s (e.g.,
pregnant woman or child) health status and services re-
ceived.5,6 Despite the various entry points, the digitization
process provides an opportunity not only to automate
paper-based forms into electronic formats but also to capi-
talize on the addedbenefits of digital tools, such as improv-
ing care through embedding decision-support derived
from evidence-based recommendations. For countries to
effectively benefit from these digital investments, systems
need to be designed appropriately to ensure accuracy of
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the health content (e.g., decision-support logic),
streamline data needs, and enforce the use of data
standards for interoperability.We present a system-
atic approach developed by the World Health
Organization (WHO) for point-of-care digital sys-
tems to reinforce service delivery protocols and cap-
ture individual-level data to fulfill the needs of
health information systems.

Although quality assurance of the clinical and
data content within digital systems (also known as
technical requirements) is critical for maximizing
the health impact of digital tools, there are several
challenges in documenting and reviewing the spe-
cifications that guide the design of digital systems.
One common challenge is the interpretive process
required in distilling the narrative text in paper-
based resources and defining the clear inputs
needed for a digital system.7–11 Evidence-based
guidelines, such as those published byWHO, offer
a validated starting point for defining decision-
support requirements.12 However, these recom-
mendations, available as narrative text, often do
not provide sufficient detail to be converted into
the technical specifications that software develo-
pers require.7–9,11 This, in turn, can lead to poten-
tial misinterpretation, inability to trace how
decisions were defined, or omit the recommenda-
tions altogether due to the effort required to trans-
late them for the digital system.

Determining the appropriate data elements
and embedding terminology standards is another
consideration in transitioning frompaper to digital
systems. Data collection in legacy, paper-based
systems often requires redundant tabulation that
is burdensome for health workers and requires
significant levels of consolidation before they can
be incorporated into digital systems.13 Digital sys-
tems offer the opportunity to capture data once
and harness it for multiple needs, such as prompt-
ing decision-support logic, surveillance, and
reporting; however, this requiresmeticulous plan-
ning to streamline across various paper-based
tools (e.g., registers) and data collection process-
es.13,14 Furthermore, as paper-based systems be-
come digitized, there is also a need to embed
interoperability standards to support continuity
of care and data exchange, which may often be
deprioritized during software development.

Beyond facilitating quality assurance, trans-
parent documentation of technical requirements
is important to mitigate dependence on specific
software development companies (e.g., vendor
lock-in) and increase efficiencies for scaling digital
systems. However, this documentation is often
unavailable or may be proprietary, requiring

governments and technology partners to start
from scratch and expend significant resources each
time they intend to build and adapt such systems.
Previous efforts to develop accessible requirements
for informing the content of digital systems provide
a solid foundation, but they lack operational compo-
nents, such as data dictionaries and decision-support
logic.15–18 In instances where data dictionaries and
decision-support logic are publicly available, they
are tied to specific software applications,19,20 may
not apply data standards, or have not been gener-
alized for use across different contexts.21,22

Furthermore, requirements gathering activities,
which define the content and functionalities of
digital systems, are primarily targeted at the tech-
nology teams, rather than the health program
leads who are responsible for verifying the infor-
mation within these systems.

Based on these findings, WHO developed digi-
tal adaptation kits (DAKs) as an operational and
software-neutral mechanism that distills WHO
recommendations into a standardized format that
can be more easily incorporated into digital sys-
tems. The DAKs are intended to provide compre-
hensive technical requirements to apply WHO
guidance in digital form. They also aim to facilitate
communication among health practitioners/man-
agers and technologists as they design digital sys-
tems to enable a common understanding of the
underlying content within digital systems.

DAKs are part of a suite of tools within a
broader WHO-driven effort known as SMART—
Standards-based, Machine-readable, Adaptive,
Requirements-based, and Testable—guidelines to
improve the fidelity and uptake of recommenda-
tions within standard-based digital systems.12 The
SMART guidelines framework outlines an incre-
mental 5-level pathway for translating narrative
guidelines for digital systems through derivative
products, such as machine-readable recommenda-
tions that can be encoded into digital systems and
reference software applications.12 DAKs represent
the first step within the SMART guidelines vision
in navigating this transition.We describe themeth-
ods and key findings in developing DAKs for sexual
and reproductive health (SRH) andHIV, the first set
of health programareaswithinWHO touse this ap-
proach. This article describes a replicable model for
health programs and outlines lessons learned and
key next steps in this evolving process.

METHODS
Three fundamental principles guided the method-
ology for establishing the DAKs.

Evidence-based
recommenda-
tions, available as
narrative text,
often do not
provide sufficient
detail for software
developers to
convert into the
technical
specifications they
require.

We describe the
methods and key
findings in
developing DAKs
for SRH andHIV,
the first set of
health program
areas withinWHO
to use this
approach.
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1. Derive the technical requirements fromWHO
clinical, public health, and data use guidance
andmaintain a generic framing that can be lo-
calized across different settings. A rule of
thumb of 80% generic content and 20% re-
quiring local contextualization served as an
underlying assumption. For example, ap-
proximately 80% of the WHO guideline
recommendations will apply to most coun-
tries, but 20% may require adaptation to the
local context such as tailoring which health
services specific cadres can provide to clients.

2. Create the resulting documentation to be soft-
ware neutral, meaning that it had to be inde-
pendent of a branded software systemand can
be used to develop and update any digital sys-
tem that supports functionalities for tracking
health services and decision support.

3. Format the components within the DAKs to
be understandable by both clinical and data
managers and those involved in the develop-
ment of digital systems, serving as a common
language for communication among these di-
verse stakeholder groups.

Determining the DAK Components
To define components within the DAKs, WHO
worked with colleagues across the headquarters,
regional, and country level, as well as with exter-
nal collaborators with expertise in requirements
gathering and/or SRH domains. This team used
an iterative process that combined desk reviews
of requirements gathering practices, findings
from digital implementations, review of existing
paper-based tools, and stakeholder consultations.

The Collaborative Requirements Development
Methodology, an established approach in requi-
rements gathering15–17,23 guided the structure
for the DAKs and served as the basis for creating
the following DAK components: personas, busi-
ness process workflows, and functional and
nonfunctional requirements. Experiences from a
WHO multisite study on digitizing paper-based
systems complemented the gaps observed in
the Collaborative Requirements Development
Methodology approach. For example, the multi-
site study demonstrated the need to provide data
dictionaries and decision-support logic, such as
algorithms and service delivery schedules, in a
modifiable spreadsheet format.24 The findings
from theWHOmultisite study also helped to define
the structure of the data dictionary by specifying
the required data types for presenting the data dic-
tionary in a usable format for software developers to

execute in digital systems. This data structurewas also
aligned with the requirements for compliance with
Health Level Seven International Fast Healthcare
Interoperability and mapped to the International
Classification of Diseases (ICD) 11 concepts.

Lastly, a series of stakeholder consultations
with individuals representing clinical, digital, and
health informatics expertise and spanning coun-
try, regional, and global perspectives were held
periodically between August 2018 and July 2019
to refine the structure of the DAKs and finalize
the main components.

Once these components were identified, the
methodology team, comprising of WHO staff (NR,
TT, and GM) and consultants supporting this work
(CL, BT, and JT) leveraged existing documenta-
tion and notation standards, such as business pro-
cess modeling notation for the workflows,25

XLSForm for the data dictionary, and decision
model and notation for elaborating the decision
logic.26 External stakeholders also reviewed and
validated the structure of these components.
Slight adaptations were made in using these infor-
matics notations tomake the format accessible to a
health audience with minimum technology back-
ground but still retained the consistency needed
for informaticians and technology developers. For
example, the DAKs applied a simplified version of
Business Process Model and Notation that used
only a subset of symbols that were common and
available across variousworkflowmapping software
tools, as opposed to using the full range of notations.
The decision-support tables, based on the Decision
Model and Notation standard, included additional
rows to provide greater narrative,workflow triggers,
and annotations on what could be included in the
prompts provided to the health worker.

Populating the DAK Components
For each health area of the DAKs, the methodolo-
gy team and WHO SRH/HIV domain leads (MB,
ÖT, MF, MLG, DL, JK, and TW) worked together
to populate the details of each DAK component.

For personas, the roles and responsibilities were
based on globalWHO guidance on the official classifi-
cation of health worker roles27 and task-shifting
recommendations for reproductive, maternal, new-
born, and child health services,28with the assumption
that local implementations can be contextualized
through user-centered design principles.29

Workflows were created based on a review of
existing documentation, where possible, and a se-
ries of workshops that included role-play to help
illustrate the progression of activities.15 In the

Experiences from
aWHOmultisite
study on digitizing
paper-based
systems
complemented
the gaps observed
in approaches
used to structure
the DAKs.
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case of family planning (FP), implementing part-
ner organizations also conducted observations
with health workers during their routine activities
across various countries to contextualize and vali-
date the workflows. All workflows were further
reviewed with clinical experts at the country and
regional levels to confirm their relevance.

Then, user scenarios were developed through
storytelling and role-plays to narrate the common
activities that take place during a service delivery
encounter.

Data elements for the data dictionary were de-
rived in an iterative manner working backward
from inputs for the decision-support logic, indica-
tor calculations, and recommendations from
primary clinical data collection tools.30 Service de-
livery registers from different settings were
reviewed to inform the development of the data
dictionary and ensure the process was grounded
in the realities of routine clinical settings. A sub-
stantial amount of effort was required to standard-
ize and detail the data element definition, data type
(e.g., multiple choice or string), response options,
skip logics, calculations, and other requirements
for coherence across data elements. Once the data
dictionary was completed, data elements were
mapped to terminology standards, including the
ICD.

The algorithms for the decision-support logic
were developed primarily through the triangula-
tion of relevant guidelines and feedback from clin-
ical leads involved in the guideline development.
As guideline content is not readily transferable for
execution within digital systems, this required a
series of consultations with the technical lead of
the WHO guidelines and clinical experts to clarify
the algorithms for the decision-support logic. For
antenatal care, a clinical expert deconstructed the
inputs and outputs in terms of decision trees and
“if/then” statements for each of the clinical recom-
mendations included in the 2016 WHO guideline
recommendations on antenatal care for a positive
pregnancy experience.31,32 In the case of FP, algo-
rithms developed for themedical eligibility criteria
wheel application33 were repurposed and adapted
to align with the DAK template and notation
standards.

The indicators component was based on exist-
ing WHO guidelines on recommended aggregate
indicators for health management information
systems-based monitoring of the health program
areas.34,35 These resources typically included the
numerators and denominators required for com-
puting the indicators, which were then linked to
the core data elements (individual-level data) in

the data dictionary. Similarly, the list of functional
requirements was based on existing resources15,16

and discussions with the stakeholders.

RESULTS
The combination of the Collaborative Requirements
Development Methodology approach, multisite re-
search findings, and stakeholder consultations estab-
lished the 8 components of the DAKs. For each DAK
health domain, the components consist of (1) health
interventions and associated recommendations (e.g.,
maternal and fetal assessment during pregnancy);
(2) generic personas; (3) user scenarios; (4) generic
business processes and workflows; (5) core data ele-
ments; (6) decision-support logic; (7) indicators and
performance metrics; and (8) functional and non-
functional requirements (Table 1). Outputs, such
as spreadsheets of data dictionaries and detailed
decision-support algorithms, are appended as part of
the DAKs. Examples of these different components
from SRH and HIV are available in the Supplement.
All components were validated during the stake-
holder consultations.

This approach resulted in 4 initial DAKs: ante-
natal care,36 FP,37 sexually transmitted infections,
and HIV. The DAKs also incorporated crosscutting
considerations related to adolescent services, inti-
mate partner violence, and self-care interven-
tions. These first DAKs serve as the test cases for
this approachwithinWHOand are nowbeing intro-
duced for country-level adaptation and further re-
finement. The Supplement provides examples of
the different components of the DAKs across the
various health areas. Additionally, the DAKs, in-
cluding the spreadsheets detailing the data dictio-
nary and decision-support algorithms are publicly
available on theWHOwebsite and hosted on a ded-
icated web portal.

Learnings From Developing the First Set of
DAKs
The development of these DAKs required several
iterations and continuous discussionswith a broad
range of team members representing clinical, data
(monitoring and evaluation, strategic informa-
tion), and digital health domains. Among the dif-
ferent components, the development of the data
dictionaries and decision-support logic was the
most resource-intensive part of the process. This in-
cluded the time to create the data dictionary and
map the data elements to the appropriate terminol-
ogy standards. In particular, common terms that
did not have exact mappings to established ter-
minologies, such as ICD, required a series of

The first 4 DAKs
serve as the test
cases for this
approach within
WHOand are now
being introduced
for country-level
adaptation and
further
refinement.
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discussions with terminologists and clinicians to
assess whether to compromise on “best fit”
options or identify alternative ways of framing
the data elements.

Applying the DAKs to SRH and HIV offered an
opportunity to refine the methodology while also

identifying practical implications for their use
within this health program area. Some SRH
domains, such as FP, have not consistently relied
on routine health information systems for report-
ing and measuring coverage and quality of ser-
vices. For example, tracking FP progress has often

TABLE. Components of the World Health Organization Digital Adaptation Kit

Component and Description Role in the DAKs DAK Outputs
Basis for
Inclusion

1. Health interventions and associated
recommendations: Overview of the
health interventions and WHO recom-
mendations included within this DAK.
The list of health interventions is drawn
from the universal health coverage
menu of interventions compiled by
WHO.

Contextualization: To understand the
underlying guidance and interventions.

List of WHO Guidelines and related
guidance for the DAK
List of included health interventions

WHO Multisite
Study

2. Generic personas: Depiction of the
end users, supervisors, and related
stakeholders who would be interacting
with the digital system or involved in the
clinical care pathway.

Contextualization: To understand the
motivations and constraints of end users.

Description, competencies and essential
interventions performed by targeted
personas

CRDM

3. User scenarios: Narratives that de-
scribe how the different personas may
interact with each other.

Contextualization: To understand how
different personas interact and their
potential engagement with the digital
system.

Narrative of how the targeted personas
may interact with each other during a
workflow

CRDM

4. Generic business processes and
workflows: Key processes and work-
flows for the identified health program
area.

Contextualization and system design: To
understand how activities are conducted
within the health program and anchor
the core data elements and decision-
support logic.

Overview table presenting the key pro-
cesses for the health program area
Workflows for each of the processes,
accompanied by annotations/notes

CRDM

5. Core data elements: Data elements
required throughout the different points
of the workflows and linked to termi-
nology codes, such as ICD and other
content standards.

System design and interoperability: To
define the data elements required for
clinical decision making or monitoring
requirements, with terminology map-
pings to facilitate interoperability with
other standards-based systems.

List of core data elements
Annexed data dictionary with complete
data specifications in spreadsheet
format

WHO multisite
study

6. Decision-support logic: Decision-
support logic and algorithms in accor-
dance with WHO guidelines.

System design and adherence to recom-
mended clinical practice: To define the
underlying algorithms and logic that
need to be coded into the system.

Decision tables with inputs, outputs and
triggers for each decision logic and
scheduling logic for services, as a linked
spreadsheet

WHO multisite
study

7. Indicators and performance metrics:
Core set of indicators that need to be
aggregated for decision making, per-
formance metrics, and sub-national
and national reporting.

System design and programmatic moni-
toring: To define the calculations re-
quired for populating aggregate
indicators for program management
and health system monitoring derived
from core data elements.

Indicators table with numerator and de-
nominator derived from the data
elements

WHO multisite
study

8. Functional and nonfunctional
requirements: Functions and capabili-
ties the system must have to meet the
end users’ (e.g., health workers’) needs
(functional requirements).

System design: To know how the system
should function to achieve the different
business processes.

Illustrative list of functional and non-
functional requirements linked to the
different workflow activities and
personas

CRDM

Abbreviations: CRDM, Collaborative Requirements Development Methodology; DAK, digital adaptation kit; ICD, International Classification of Diseases; WHO,
World Health Organization.
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used indicators such as “modern contraceptive
prevalence rate” and “unmet need”which rely on
population-based surveys that cannot be calculat-
edwithin routine health information systems.38,39

The introduction of digital systems that track ser-
vice delivery in real-time as part of the routine
health information systems required redefining
the way indicators have traditionally been cap-
tured.40 In addition, it allows the opportunity to
further analyze FP uptake at the clinic level by reg-
istering in real-time whether a woman has re-
ceived or continued with her contraceptive
method of choice, or whether she discontinued
its use. While routine health information systems
would provide more immediate data for program-
matic decision making and health system moni-
toring, this shift in the availability of data
generated would also need to be accompanied by
training on effective data use.39

Another key consideration that shaped the
content of the DAKs for SRH and HIV is that these
are inherently sensitive topics, and digitizing con-
tent for these health program areas triggered addi-
tional privacy considerations. For example, in the
case of FP, the team debated on the inclusion
of marital status as a core data element for the ge-
neric version, as being unmarried or an adolescent
may present barriers for accessing FP services in
some contexts.41 In other instances, information
on key populations, such as commercial sexwork-
ers or peoplewho inject drugs, is very sensitive but
also necessary for delivering person-centered care
and ensuring the clients receive the appropriate
recommended protocols. Although knowing this
information is critical even when care is managed
on paper-based systems, incorporating these data
needs for a digital system where there are height-
ened concerns of data security and confidentiality
presented questions on whether and how to re-
cord this information. Ultimately, the concerns of
data security, privacy, confidentiality need to be
addressed through national policies articulated
within countries’ digital health strategies and
other regulatory frameworks as a fundamental
consideration for all individual-level health
information.42

DISCUSSION
This packaging of WHO guideline content into a
standardized format for digital systems offers a
novel approach to reinforce clinical, public health,
and data recommendations, as well as a mecha-
nism for driving interoperability and strengthen-
ing trust in the content of point-of-care systems.

As such, DAKs serve as a foundational step in ful-
filling WHO’s long-term vision of SMART guide-
lines for transforming guideline development,
delivery, and application in the digital age.12 A
key measure of success will be ensuring countries
can adapt the generic DAKs according to their dig-
ital ecosystem and align them to their national
health policies.43 This effort would require further
understanding on promoting compliance of DAKs
and ways to enhance usability among software
developers and implementers. The next phase of
testing and implementing DAKs at the country
level will also be crucial to understanding how na-
tional policies deviate from global guidelines and
to refining the information represented within
the DAKs.

Considering that countries are at different
stages of maturity in their adoption of digital sys-
tems, the DAKsmay be applied across various sce-
narios. Countries that already have digital systems
in place may use the information within the DAK
to upgrade the underlying content and data to
align with WHO recommendations and national
guidelines. Other settings that have not yet digi-
tized their systems can use the DAK to begin this
process as a starting point for designing their
digital system. Lastly, the DAKs promote data
standards by directly incorporating codes from
ICD and other established terminologies to re-
duce the risk of overlooking or incorrectly map-
ping to these standards.

Although this was initiated in SRH and HIV,
efforts are underway for broadening the scope of
health areas to offer a more comprehensive re-
source package. Additional health programs have
recognized the value of this structured documen-
tation, and this model is currently extended to cli-
ent-facing self-care interventions and replicated
for other domains, such as child health and immu-
nization. As this process expands to new health
domains, there will need to be a focus on identify-
ing opportunities for integration and strengthen-
ing linkages across programmatic areas in ways
that are also feasible for implementation practices.

Lastly, DAKs have the potential to add value to
service delivery beyond digital systems and sup-
plement derivative products for facilitating the ad-
aptation and implementation of WHO guidelines
at the country level.44 For example, the structured
decision-support tables and algorithms can be ap-
plied to paper-based visual job aids for health
workers. The streamlining of core data elements
can also contribute to the standardization of data
collection and indicator reporting, even if done
on paper forms. As significant efforts were made

DAKs have the
potential to add
value to service
delivery beyond
digital systems
and supplement
derivative
products for
facilitating the
adaptation and
implementation of
WHOguidelines
at the country
level.
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within the DAKs to facilitate linkages between
individual-level data to upstream indicators and
monitoring needs, this content can help countries
seeking to streamline information flow for tar-
geted service delivery and harmonize paper-
based health management information systems.
Likewise, the workflows may also be used as in-
structional tools to help train health workers on
the organization of care and coordination of ser-
vice delivery across different actors.

The WHO DAKs aim to catalyze a paradigm
shift from static paper-based guidelines and data
reporting forms to dynamic digital systems, to en-
sure the integrity of these tools and that countries
can derive maximum value from their digital
investments. As the field of digital health matures,
efforts such as these that systematically promote
adherence to evidence-based protocols and data
use will be indispensable not only for improving
health outcomes and health system performance
but also for accelerating progress toward universal
health coverage.

Acknowledgments: We acknowledge Joseph Amlung, Paul Biondich,
Maggie Barr-Dichiara, Venkatraman Chandra-Mouli, Theresa Cullen,
Shona Dalal, Kristin Devlin, Carolyn Footitt, Daniel Futerman, Samira
Haddad, Robert Jakob, James Kariuki, Nenad Kostanjsek, Lisa Kowalski,
Virginia MacDonald, Maria Michaels, Irene Mwoga, Rosemary
Muliokela, Morkor Newman, Mohammed Nour, Martina Penazatto
Marina Plesons, Clotilde Rambaud, Derek Ritz, Bryn Rhodes, Jennifer
Shivers, Vindi Singh, Melanie Taylor, Lara Vojnov, and Marco Vittoria,
and participants across the different stakeholder consultations for input
into the development of the digital adaptation kits.We also thank Zikomo
Haughton for the reference management of this article.

Funding: UNDP-UNFPA-UNICEF-WHO-World Bank Special
Programme of Research, Development and Research Training in Human
Reproduction (HRP), a cosponsored programme executed by theWHO,
Department for International Development, UNFPA, Sanofi Espoir
Foundation, The Bill & Melinda Gates Foundation, The Global Fund, and
U.S. The President's Emergency Plan for AIDS Relief.

Author contributions: TT, NR, GM, MB, ÖT, DL, JT, LR, BT, and CL
contributed to the methodology of the digital adaptation kits (DAKs). MB,
ÖT, DL, SW, NK, RC, MEG, JK, TW, provided health domain expertise
and content refinement of the DAKs. AA, HK, DM, LS provided insights
for validation of the DAKs and inputs for country implementation.

Disclaimer: The named authors alone are responsible for the views
expressed in this article and do not necessarily represent the decisions or
the policies of the United Nations Population Fund (UNFPA), World
Health Organization (WHO), nor the UNDP-UNFPA-UNICEF-WHO-
World Bank Special Programme of Research, Development and
Research Training in Human Reproduction (HRP).

Competing interests: None declared.

REFERENCES
1. Republic of Uganda. Ministry of Health (MOH). Uganda National

eHealth Strategy 2017–2021. MOH; 2016. Accessed January 14,
2022. https://health.go.ug/sites/default/files/National%20e_
Health%20Strategy_0.pdf

2. The United Republic of Tanzania. Ministry of Health and Social
Welfare (MOHSW). Tanzania Digital Health Investment Road Map
2017-2023. MOHSW; 2016. Accessed January 14, 2022. https://
path.azureedge.net/media/documents/Tanzania_Digital_Health_
Investment_Road_Map.2017_to_2023.pdf

3. World Health Organization (WHO). Seventy-First World Health
Assembly: Geneva, 21–26 May 2018. Resolutions and Decisions
Annexes. WHO; 2018. Accessed January 14, 2022. https://apps.
who.int/gb/ebwha/pdf_files/WHA71-REC1/A71_2018_REC1-
en.pdf#page=1

4. Government of India. Ministry of Health & Family Welfare
(MOHFW). National Digital Health Blueprint. MOHFW; 2019.
Accessed January 14, 2022. https://main.mohfw.gov.in/
sites/default/files/Final%20Report%20-%20Lite%20Version.
pdf

5. World Health Organization (WHO).WHOGuideline:
Recommendations on Digital Interventions for Health System
Strengthening. WHO; 2019. Accessed January 14, 2022. https://
www.who.int/publications/i/item/9789241550505

6. World Health Organization. Classification of Digital Health
Interventions V1.0: A Shared Language to Describe the Uses of
Digital Technology for Health; 2018. Accessed January 14, 2022.
https://apps.who.int/iris/handle/10665/260480

7. Boxwala AA, Rocha BH, Maviglia S, et al. A multi-layered frame-
work for disseminating knowledge for computer-based decision
support. J AmMed Inform Assoc. 2011;18 Suppl 1(Suppl 1):i132–
i139. CrossRef. Medline

8. Bilici E, Despotou G, Arvanitis TN. The use of computer-interpretable
clinical guidelines to manage care complexities of patients with mul-
timorbid conditions: a review. Digit Health.
2018;4:2055207618804927. CrossRef. Medline

9. Sooter LJ, Hasley S, Lario R, Rubin KS, Hasi�c F. Modeling a clinical
pathway for contraception.Appl Clin Inform. 2019;10(5):935–943.
CrossRef. Medline

10. Rambaud-Althaus C, Shao AF, Kahama-Maro J, Genton B,
d’Acremont V. Managing the sick child in the era of declining ma-
laria transmission: development of ALMANACH, an electronic algo-
rithm for appropriate use of antimicrobials. PLoS One. 2015;10(7):
e0127674. CrossRef. Medline

11. Ansermino JM, Wiens MO, Kissoon N. Evidence and transparency
are needed to develop a frontline health worker mHealth assessment
platform. Am J Trop Med Hyg. 2019;101(4):948. CrossRef.
Medline

12. Mehl G, Tunçalp Ö, Ratanaprayul N, et al.WHOSMART guidelines:
optimising country-level use of guideline recommendations in the
digital age. Lancet Digit Health. 2021;3(4):e213–e216. CrossRef.
Medline

13. Masters J, Labrique A. Improving Service Delivery in Rural
Bangladesh Through CHW Process and Data Flow Analysis.
[Master's thesis.] Johns Hopkins Bloomberg School of Public Health;
2014. Accessed October 18, 2020.

14. Barton C, Kallem C, Van Dyke P, Mon D, Richesson R.
Demonstrating “collect once, use many”—assimilating public
health secondary data use requirements into an existing Domain
Analysis Model. AMIA Annu Symp Proc. 2011;2011:98–107.
Medline

15. Better Immunization Data Initiative. Product Vision for the Better
Immunization Data Initiative. PATH; 2014. Accessed January 14,
2022. https://path.azureedge.net/media/documents/VAD_bid_
product_vision.pdf

16. Taylor C, Luchitsky A, Lubinski D, Peloso L, Wilson K. Common
Requirements forMaternal Health Information Systems. PATH; 2012.
Accessed January 14, 2022. https://path.azureedge.net/media/
documents/MCHN_mhis_crdm.pdf

Development of World Health Organization’s Digital Adaptation Kits www.ghspjournal.org

Global Health: Science and Practice 2022 | Volume 10 | Number 1 7

https://health.go.ug/sites/default/files/National%20e_Health%20Strategy_0.pdf
https://health.go.ug/sites/default/files/National%20e_Health%20Strategy_0.pdf
https://path.azureedge.net/media/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf
https://path.azureedge.net/media/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf
https://path.azureedge.net/media/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA71-REC1/A71_2018_REC1-en.pdf#page=1
https://apps.who.int/gb/ebwha/pdf_files/WHA71-REC1/A71_2018_REC1-en.pdf#page=1
https://apps.who.int/gb/ebwha/pdf_files/WHA71-REC1/A71_2018_REC1-en.pdf#page=1
https://main.mohfw.gov.in/sites/default/files/Final%20Report%20-%20Lite%20Version.pdf
https://main.mohfw.gov.in/sites/default/files/Final%20Report%20-%20Lite%20Version.pdf
https://main.mohfw.gov.in/sites/default/files/Final%20Report%20-%20Lite%20Version.pdf
https://www.who.int/publications/i/item/9789241550505
https://www.who.int/publications/i/item/9789241550505
https://apps.who.int/iris/handle/10665/260480
https://doi.org/10.1136/amiajnl-2011-000334
http://www.ncbi.nlm.nih.gov/pubmed/22052898
https://doi.org/10.1177/2055207618804927
http://www.ncbi.nlm.nih.gov/pubmed/30302270
https://doi.org/10.1055/s-0039-3400749
http://www.ncbi.nlm.nih.gov/pubmed/31860113
https://doi.org/10.1371/journal.pone.0127674
http://www.ncbi.nlm.nih.gov/pubmed/26161753
https://doi.org/10.4269/ajtmh.19-0411a
http://www.ncbi.nlm.nih.gov/pubmed/32519659
https://doi.org/10.1016/S2589-7500(21)00038-8
http://www.ncbi.nlm.nih.gov/pubmed/33610488
http://www.ncbi.nlm.nih.gov/pubmed/22195060
https://path.azureedge.net/media/documents/VAD_bid_product_vision.pdf
https://path.azureedge.net/media/documents/VAD_bid_product_vision.pdf
https://path.azureedge.net/media/documents/MCHN_mhis_crdm.pdf
https://path.azureedge.net/media/documents/MCHN_mhis_crdm.pdf
http://www.ghspjournal.org


17. Public Health Informatics Institute (PHII). Electronic Health Record
Requirements for Public Health Agencies. PHII; 2016. Accessed
January 14, 2022. https://www.phii.org/sites/default/files/
resource/files/EHR_Requirements.pdf

18. Grevendonk J, Taliesin B, Brigden D. Planning an Information
Systems Project: A Toolkit for Public Health Managers. World Health
Organization and PATH; 2013. Accessed January 14, 2022.
https://path.azureedge.net/media/documents/TS_opt_ict_toolkit.
pdf

19. Configuring cases in CommCareHQ. CommCare Public. Accessed
January 14, 2022. https://wiki.commcarehq.org/display/
commcarepublic/Case+Configuration

20. DHIS 2 user manual. DHIS core version 2.36. DHIS2. Updated
November 20, 2021. Accessed January 14, 2022. https://docs.
dhis2.org/en/full/use/user-guides/dhis-core-version-236/dhis2-
user-manual.html

21. Getting started with OpenSRP - Documentation. OpenSRP. Updated
September 14, 2020. Accessed January 14, 2022. https://
smartregister.atlassian.net/wiki/spaces/Documentation/pages/
6619148/Getting+started+with+OpenSRP

22. The Community Health Toolkit’s Core Framework: An Overview.
2019. Accessed January 14, 2022. https://static1.squarespace.
com/static/5bd25eea65a707ad54c1e8ca/t/
5db502b9628b613d418ce7be/1572143837269/Core
+Framework+Overview.pdf

23. Collaborative Requirements Development Methodology (CRDM).
Public Health Informatics Institute. Accessed January 14, 2022.
https://www.phii.org/crdm

24. World Health Organization (WHO) THRIVE Multi-site Phase 1 Study
for Adaptation and Field Assessment Research of Open Smart
Register Platform (Open SRP). WHO; 2015. Accessed January 14,
2022. https://www.who.int/life-course/topics/AGH01-THRIVE.
pdf

25. Object Management Group. BPMN Specification - Business Process
Model and Notation. Published July 8, 2020. Accessed January 14,
2022. http://www.bpmn.org/

26. DecisionModel andNotation (DMN). OMGStandards Development
Organization. Accessed January 14, 2022. https://www.omg.org/
dmn/

27. World Health Organization (WHO). Classifying Health Workers:
Mapping Occupations to the International Standard Classification.
WHO; 2010. Accessed January 14, 2022. https://www.who.int/
hrh/statistics/Health_workers_classification.pdf

28. World Health Organization (WHO).WHO Recommendations:
Optimizing Health Worker Roles to Improve Access to Key Maternal
and Newborn Health Interventions Through Task Shifting. WHO;
2012. Accessed January 14, 2022. https://www.who.int/
reproductivehealth/publications/maternal_perinatal_health/
978924504843/en/

29. Principles for Digital Development. Accessed February 2, 2022.
https://digitalprinciples.org/

30. World Health Organization (WHO). Consolidated Strategic
Information Guidelines for HIV in the Health Sector: HIV Strategic
Information for Impact. WHO; 2015. Accessed January 14, 2022.
https://apps.who.int/iris/bitstream/handle/10665/164716/
9789241508759_eng.pdf?sequence=1

31. Haddad SM, Souza RT, Cecatti JG, et al. Correction: Building a dig-
ital tool for the adoption of the World Health Organization’s

antenatal care recommendations: methodological intersection of ev-
idence, clinical logic, and digital technology. J Med Internet Res.
2020;22(10):e24891. CrossRef. Medline

32. World Health Organization (WHO).WHO Recommendations on
Antenatal Care for a Positive Pregnancy Experience. WHO; 2016.
Accessed January 14, 2022. https://www.who.int/publications/i/
item/9789241549912

33. New app for WHO’s Medical Eligibility Criteria for Contraceptive
Use. News release. World Health Organization; August 29, 2019.
Accessed January 14, 2022. https://www.who.int/
reproductivehealth/mec-app/en/

34. World Health Organization (WHO), UNICEF. Analysis and Use of
Health Facility Data: Guidance for RMNCAH ProgrammeManagers.
WHO, UNICEF; 2019. Accessed January 14, 2022. https://who.
int/publications/m/item/analysis-and-use-of-health-facility-data-
guidance-for-rmncah-programme-managers

35. Lattof SR, Moran AC, Kidula N, et al. Implementation of the new
WHO antenatal care model for a positive pregnancy experience: a
monitoring framework. BMJ Glob Health. 2020;5(6):e002605.
Medline

36. World Health Organization (WHO). Digital Adaptation Kit for
Antenatal Care: Operational Requirements for ImplementingWHO
Recommendations in Digital Systems. WHO; 2021. Accessed
January 14, 2022. https://www.who.int/publications/i/item/
9789240020306

37. World Health Organization (WHO). Digital Adaptation Kit for
Family Planning: Operational Requirements for ImplementingWHO
Recommendations in Digital Systems. WHO; 2021. Accessed
January 14, 2022. https://www.who.int/publications/i/item/
9789240029743

38. Bradley SE, Croft TN, Fishel JD,Westoff CF. Revising Unmet Need for
Family Planning. DHSAnalytical Studies 25. ICF International; 2012.
Accessed January 14, 2022. https://dhsprogram.com/pubs/pdf/
AS25/AS25%5B12June2012%5D.pdf

39. Adamou B, Barden-O’Fallon J, Williams K, Selim A. Routine family
planning data in the low- and middle-income country context: a syn-
thesis of findings from 17 small research grants.Glob Health Sci
Pract. 2020;8(4):799–812. CrossRef. Medline

40. Dolan SB, Carnahan E, Shearer JC, et al. Redefining vaccination
coverage and timeliness measures using electronic immunization
registry data in low- and middle-income countries. Vaccine.
2019;37(13):1859–1867. CrossRef. Medline

41. Solo J, FestinM. Provider bias in family planning services: a review of
its meaning and manifestations. Glob Health Sci Pract. 2019;
7(3):371–385. CrossRef. Medline

42. World Health Organization; International Telecommunication
Union. National eHealth Strategy Toolkit. International
Telecommunication Union; 2012. Accessed January 14, 2022.
https://apps.who.int/iris/handle/10665/75211

43. Muliokela R, Uwayezu G, Tran Ngoc C, et al. Integration of new
digital antenatal care tools using theWHO SMART guideline ap-
proach: experiences from Rwanda and Zambia. Digit Health.
2022;8:1–5. CrossRef.

44. Barreix M, Lawrie TA, Kidula N, et al. Development of the WHO
Antenatal Care Recommendations Adaptation Toolkit: a standar-
dised approach for countries.Health Res Policy Syst. 2020;18(1):70.
CrossRef. Medline

Development of World Health Organization’s Digital Adaptation Kits www.ghspjournal.org

Global Health: Science and Practice 2022 | Volume 10 | Number 1 8

https://www.phii.org/sites/default/files/resource/files/EHR_Requirements.pdf
https://www.phii.org/sites/default/files/resource/files/EHR_Requirements.pdf
https://path.azureedge.net/media/documents/TS_opt_ict_toolkit.pdf
https://path.azureedge.net/media/documents/TS_opt_ict_toolkit.pdf
https://wiki.commcarehq.org/display/commcarepublic/Case+Configuration
https://wiki.commcarehq.org/display/commcarepublic/Case+Configuration
https://docs.dhis2.org/en/full/use/user-guides/dhis-core-version-236/dhis2-user-manual.html
https://docs.dhis2.org/en/full/use/user-guides/dhis-core-version-236/dhis2-user-manual.html
https://docs.dhis2.org/en/full/use/user-guides/dhis-core-version-236/dhis2-user-manual.html
https://smartregister.atlassian.net/wiki/spaces/Documentation/pages/6619148/Getting+started+with+OpenSRP
https://smartregister.atlassian.net/wiki/spaces/Documentation/pages/6619148/Getting+started+with+OpenSRP
https://smartregister.atlassian.net/wiki/spaces/Documentation/pages/6619148/Getting+started+with+OpenSRP
https://static1.squarespace.com/static/5bd25eea65a707ad54c1e8ca/t/5db502b9628b613d418ce7be/1572143837269/Core+Framework+Overview.pdf
https://static1.squarespace.com/static/5bd25eea65a707ad54c1e8ca/t/5db502b9628b613d418ce7be/1572143837269/Core+Framework+Overview.pdf
https://static1.squarespace.com/static/5bd25eea65a707ad54c1e8ca/t/5db502b9628b613d418ce7be/1572143837269/Core+Framework+Overview.pdf
https://static1.squarespace.com/static/5bd25eea65a707ad54c1e8ca/t/5db502b9628b613d418ce7be/1572143837269/Core+Framework+Overview.pdf
https://www.phii.org/crdm
https://www.who.int/life-course/topics/AGH01-THRIVE.pdf
https://www.who.int/life-course/topics/AGH01-THRIVE.pdf
http://www.bpmn.org/
https://www.omg.org/dmn/
https://www.omg.org/dmn/
https://www.who.int/hrh/statistics/Health_workers_classification.pdf
https://www.who.int/hrh/statistics/Health_workers_classification.pdf
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/978924504843/en/
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/978924504843/en/
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/978924504843/en/
https://digitalprinciples.org/
https://apps.who.int/iris/bitstream/handle/10665/164716/9789241508759_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/164716/9789241508759_eng.pdf?sequence=1
https://doi.org/10.2196/24891
http://www.ncbi.nlm.nih.gov/pubmed/33048822
https://www.who.int/publications/i/item/9789241549912
https://www.who.int/publications/i/item/9789241549912
https://www.who.int/reproductivehealth/mec-app/en/
https://www.who.int/reproductivehealth/mec-app/en/
https://who.int/publications/m/item/analysis-and-use-of-health-facility-data-guidance-for-rmncah-programme-managers
https://who.int/publications/m/item/analysis-and-use-of-health-facility-data-guidance-for-rmncah-programme-managers
https://who.int/publications/m/item/analysis-and-use-of-health-facility-data-guidance-for-rmncah-programme-managers
http://www.ncbi.nlm.nih.gov/pubmed/32565442
https://www.who.int/publications/i/item/9789240020306
https://www.who.int/publications/i/item/9789240020306
https://www.who.int/publications/i/item/9789240029743
https://www.who.int/publications/i/item/9789240029743
https://dhsprogram.com/pubs/pdf/AS25/AS25%5B12June2012%5D.pdf
https://dhsprogram.com/pubs/pdf/AS25/AS25%5B12June2012%5D.pdf
https://doi.org/10.9745/GHSP-D-20-00122
http://www.ncbi.nlm.nih.gov/pubmed/33361243
https://doi.org/10.1016/j.vaccine.2019.02.017
http://www.ncbi.nlm.nih.gov/pubmed/30808566
https://doi.org/10.9745/GHSP-D-19-00130
http://www.ncbi.nlm.nih.gov/pubmed/31515240
https://apps.who.int/iris/handle/10665/75211
https://doi.org/10.1177/20552076221076256
https://doi.org/10.1186/s12961-020-00554-4
http://www.ncbi.nlm.nih.gov/pubmed/32564777
http://www.ghspjournal.org


Peer Reviewed

Received: April 26, 2021; Accepted: December 14, 2021; First published online: February 11, 2022.

Cite this article as: Tamrat T, Ratanaprayul N, Barreix M, et al. Transitioning to digital systems: the role of World Health Organization digital
adaptation kits in operationalizing recommendations and standards. Glob Health Sci Pract. 2022;10(1):e2100302. https://doi.org/
10.9745/GHSP-D-21-00320

© Tamrat et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are properly cited.
To view a copy of the license, visit https://creativecommons.org/licenses/by/4.0/. When linking to this article, please use the following
permanent link: https://doi.org/10.9745/GHSP-D-21-00320

Development of World Health Organization’s Digital Adaptation Kits www.ghspjournal.org

Global Health: Science and Practice 2022 | Volume 10 | Number 1 9

https://doi.org/10.9745/GHSP-D-21-00320
https://doi.org/10.9745/GHSP-D-21-00320
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9745/GHSP-D-21-00320
http://www.ghspjournal.org

