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Abstract

Background
Countries in the Greater Mekong Subregion are committed to eliminating malaria by 2030. Despite the
critical role of health system readiness in malaria elimination, there is no assessment tool available to
comprehensively evaluate an area’s readiness towards malaria elimination across six WHO health
system building blocks which are service delivery, surveillance, elimination workforce, products and
commodities, programme financing, and leadership and governance. The aim of this study is to develop
a comprehensive health system readiness assessment tool for malaria elimination in the Greater
Mekong Subregion.

Methods
Based on the findings from recent studies, a health system readiness assessment tool called STRIDE
(Systems Tool for Readiness, Implementation anD malaria Elimination) was drafted. Two rounds of
modified Delphi consultation were conducted during May and September 2025 to finalise and endorse
the STRIDE with a priori percent agreement of 70%. A panel of experts consisting of representatives
from national programmes, donor organisations, technical agencies, and implementing partners and
independent experts evaluated the proposed items for assessing the health system readiness for
malaria elimination. Content validity of the final STRIDE was assessed by item-level and scale-level
content validity indexes.

Results
The draft STRIDE was developed with two modules: the National Module and the Sub-National Module
comprising 58 and 49 questions respectively. The draft STRIDE underwent two rounds of online Delphi
consultation with 24 and 18 experts. Incorporating expert feedback, the STRIDE was finalised with 66
questions in the National Module and 55 in the Sub-National Module, each assessing readiness across
service delivery, surveillance, elimination workforce, products and commodities, programme financing,
and leadership and governance for malaria elimination. Item-level content validity indexes of the
questions ranged from 0.83 to 1.00, while scale-level content validity indexes were 0.96 for the National
Module and 0.97 for the Sub-National Module, indicating excellent content validity.

Conclusions
The STRIDE offers a comprehensive, validated framework to evaluate an area’s readiness towards
malaria elimination at multiple levels. It enables policymakers and programme managers to
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systematically evaluate elimination efforts, identify critical gaps, and strengthen national and sub-
national health systems, thereby accelerating progress towards malaria elimination.

Background
Countries in the Greater Mekong Subregion (GMS) – Cambodia, Lao People’s Democratic Republic,
Myanmar, Thailand and Vietnam – have committed to eliminating malaria by 2030. To achieve malaria
elimination by 2030, each GMS country developed its National Malaria Elimination Plan in the context of
its existing health system capacity. In line with the Global Technical Strategy for Malaria [1], National
Malaria Elimination Programmes (NMEPs) of the GMS countries have optimised the existing control
phase interventions such as early diagnosis and prompt treatment of malaria cases, with special
attention to high-riskT areas and populations to ensure universal coverage of malaria services [2–6].
They also emphasise eliminating vivax malaria – which can relapse due to dormant liver stages and
requires 8-aminioquinolines (primaquine or tafenoquine) for radical cure, drugs that may cause adverse
events in patients with glucose-6-phosphate dehydrogenase enzyme (G6PD) deficiency [7–9] – by
recommending mandatory G6PD testing before prescribing primaquine or tafenoquine (except in
Myanmar). Additionally, in order to successfully interrupt onward transmission of malaria, the NMEPs
have implemented time-bound reactive surveillance and response activities such as case notification,
case and foci investigation and classification, and foci response activities [10].

While political commitment and technical strategies are required to galvanise and guide malaria
elimination, health systems readiness for elimination will bring any political commitment into action.
Lessons from countries that have achieved WHO malaria elimination certification show that effective
implementation of these activities requires inputs from a well-prepared health system in terms of all six
WHO building blocks namely service delivery, surveillance, workforce, products and commodities,
financing, leadership and governance [11–14]. As countries accelerate progress towards malaria
elimination, all health system building blocks must be ready to support upgraded testing, treatment,
vector control and surveillance activities, underpinned by all three pillars of the WHO Global Technical
Strategy framework [15–17].

A resilient and well-prepared health system is the foundation for successful malaria elimination and
long-term sustainability. As countries transition from malaria control to elimination, the same health
system must accommodate newly integrated elimination strategies alongside existing services [18]. This
shift places additional demands on already stretched systems, making health system readiness a critical
success factor. If pre-existing health system issues are not identified and resolved early, they can be
exacerbated, undermining the effectiveness of elimination efforts [10, 19–23]. Therefore, it is essential
to proactively strengthen the health system by identifying gaps in the health system building blocks.
Introducing malaria elimination strategies without thorough assessment and preparation of the health
system can impede implementation across all three pillars of the WHO Global Technical Strategy [1].
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Despite the central importance of health system readiness for malaria elimination, no single
standardised and comprehensive tool currently exists to assess whether health systems are adequately
prepared to implement and sustain elimination activities [24]. Existing tools each offer partial insights.
The WHO Malaria Elimination Audit Tool provides focused assessment of elimination-specific technical
and operational domains but overlooks critical health system building blocks such as workforce
planning, supply chains, and sustainable financing [25]. WHO-organised periodic malaria programme
reviews offer holistic, context-sensitive evaluations but suffer from a lack of standardisation, limiting
comparability over time and across settings [26, 27]. Broader health system assessments like the
Service Provision Assessment and Service Availability and Readiness Assessment generate robust,
standardised data but are insufficiently tailored to the unique demands of malaria elimination [28, 29].
Consequently, these tools cannot be used in isolation to assess health system readiness
comprehensively across the three pillars of the WHO Global Technical Strategy for Malaria. Together,
their limitations reveal a critical gap: the absence of a comprehensive, standardised framework capable
of assessing health system readiness for malaria elimination across all six health system building
blocks [24]. This study aims to fill that gap by developing a novel health system readiness assessment
tool for malaria elimination called “Systems Tool for Readiness, Implementation anD malaria Elimination
(STRIDE)”.

Methods
The development of STRIDE involved the Delphi technique, a commonly used method that systematically
combines expert opinion in order to arrive at an informed consensus on a complex problem [30]. It
involves structured anonymous communication between experts on a certain topic in order to achieve
consensus on policy, practice or organisational decision-making [31–33]. In this study, a modified Delphi
technique – online Delphi consultation – was applied to enable broader expert participation by
overcoming geographical distance and travel restrictions [34, 35]. Study reporting adheres to the
Conducting and Reporting of Delphi Studies (CREDES) checklist (Supplemental material 1) [36].

Study procedure
STRIDE was developed in four steps: preparation, recruitment of panel members, two rounds of online
Delphi consultation, and dissemination.

Preparation
We recently conducted a qualitative study with malaria stakeholders to explore health system needs and
issues related to implementing elimination activities across the GMS [37]. These qualitative findings,
together with existing literature, and WHO guidelines [1, 18], enabled development of the draft STRIDE
(Supplemental material 2). The draft STRIDE consisted of two modules – the National Module for
national-level users (e.g. NMEP managers), and the Sub-National Module for sub-national-level users
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(e.g. field team leaders). Each module was divided into six sections, designed to enable evaluation of the
malaria elimination readiness of the national or sub-national health system in relation to one of the six
WHO health system building blocks – service delivery, surveillance, elimination workforce, products and
commodities, programme financing, and leadership and governance [38]. The National Module focuses
on policy dimensions of malaria elimination, including quality assurance and strategic planning to
strengthen national progress, while the Sub-National Module focuses on the operational components
(Supplemental material 2). In the first draft of the assessment tool, the National Module had 58 items,
and the Sub-National Module had 49 (Supplemental material 2).

Recruitment of panel members
For the Delphi consultation, experts (panel members) were defined as people with knowledge and
experience of malaria elimination and health systems in the GMS. More specifically, those with
professional experience of more than 10 years in the field of malaria elimination and/or health systems,
especially in the GMS, were considered eligible for the Delphi consultation. Eligible experts were
identified through formal and informal networks [39], and invited to participate via email, telephone or in
person. There is no definitive minimum number of experts for a Delphi consultation [40], but previous
studies and literature suggest that a panel of 15 is sufficient [30, 41]. Given the likely difficulty of
maintaining full participation of all panel members throughout the process [41], 29 experts were
recruited to ensure adequate representation. During recruitment, the objectives, procedures and
expected outputs of the Delphi consultation experts were explained thoroughly, as described in the
Participant Information and Consent Form.

Online Delphi consultation
In this study, two rounds of Delphi consultation were conducted, in line with the relevant literature [34,
42]; more than two rounds increases panel attrition [40]. In addition, conducting only two rounds of
consultation avoids reaching a “false consensus” due to exhaustion of the experts [34].

In the first round of Delphi consultation, experts reviewed both modules of the draft STRIDE (the National
Module and the Sub-National Module) (Supplemental material 2). Each module included proposed item
and response measures for expert evaluation. For each proposed item, experts were asked to rate its
relevance in assessing the readiness of the respective WHO health system building block using a 5-point
Likert scale: "strongly relevant," "relevant," "neither relevant nor irrelevant," "irrelevant," or "strongly
irrelevant." Additionally, experts were asked to comment on whether the proposed response measure for
each item was appropriate. The experts were also allowed to suggest new items for the draft STRIDE or
comment on the existing items [34]. A four-week turnaround time was given for experts to complete their
review.
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After the first round of Delphi consultation, based on the level of consensus between experts, each item
was evaluated and either endorsed or discarded from the assessment tool, or proceeded through to
another round of consultation. In this study, a priori percent agreement of 70% was used as the
consensus threshold [43]. In addition to percentage agreement, experts’ qualitative feedback was
considered in evaluating the items of the draft STRIDE. A summary table of the first round results,
including aggregated summary statistics, was prepared and shared with panel members before starting
the second round (Supplementary material 3); this provided controlled feedback and an aggregated
group response, two important characteristics of the Delphi technique [44].

The second and final round of Delphi consultation was conducted using the same procedures as the
first. Based on the experts’ review and feedback, items were endorsed or discarded from STRIDE. The
final version of STRIDE was checked for its content validity by calculating an item-level content validity
index (I-CVI) and a scale-level content validity index using an averaging estimation method (S-CVI/Ave),
using the following formulas [45].

Dissemination plan
The final version of STRIDE was shared with all experts who participated in the Delphi consultation and
with additional stakeholders from GMS countries, including representatives from NMEPs, donor
agencies, and technical agencies through formal channels and platforms (e.g. regional and international
conferences, webinars).

Data management and analysis
The Delphi materials for expert consultation were developed in REDCap (https://www.project-redcap.org)
and sent to experts via email. Data from the REDCap server was immediately transferred to a password-
protected computer after collection, and was only accessible to research team members. Once the
quality of the electronic data files was confirmed, the original files in the REDCap server were erased. No
personal identifiers were recorded on the questionnaires. Data was exported and saved as a Stata data
file (.dta), and descriptive statistics (frequency, percentage, mean with standard deviation, median with
interquartile range) and CVIs of the assessment tool were calculated using Stata version 18 (StataCorp,
Texas). The experts’ comments were analysed manually and thematically in Microsoft Word.
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Results

Characteristics of experts participated in two rounds of
Delphi consultation
Of the 29 experts recruited initially, 24 participated in the first round of Delphi consultation. Table 1
shows their demographic characteristics, level of regional representation, and organisation type. The
panel constituted a mixture of experts from regional (7/24, 29%), national (12/24, 50%) and sub-national
levels (5/24, 21%). Experts participated in the first round of Delphi consultation represented national
programmes (5/24, 21%), donor organisations (3/24, 13%), technical agencies (6/24, 25%), and
implementing partners (5/24, 21%), and independent experts (5/24, 21%). Of the 24 experts who
participated in the first round, 18 participated in the second and final round (75% retention) (Table 1).

Table 1
Characteristics of experts who participated in each round of Delphi consultation

Characteristic First round Second round

Total number of experts participated 24 18

Gender, n (%)    

Male 12 (50.0) 9 (50.0)

Female 12 (50.0) 9 (50.0)

Age in years, median (IQR) 49 (16.5) 47 (18.0)

Years of experience in malaria and/or health system, median (IQR) 19 (10.5) 17 (9.0)

Level of representation, n (%)    

Regional 7 (29.2) 5 (27.8)

National 12 (50.0) 9 (50.0)

Sub-national 5 (20.8) 4 (22.2)

Type of organisation represented, n (%)    

National Programme 5 (20.8) 3 (16.7)

Donor organisation 3 (12.5) 3 (16.7)

Technical agency 6 (25.0) 4 (22.2)

Implementing partner 5 (20.8) 4 (22.2)

Independent expert 5 (20.8) 4 (22.2)

Note. IQR = interquartile range.
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First round of Delphi consultation
During the first round of Delphi consultation, experts reviewed the 58 and 49 items included in the
National Module and the Sub-National Module of the draft STRIDE respectively. Overall, the experts
perceived STRIDE as a comprehensive tool with relevant items for assessing health system readiness
for malaria elimination. However, they provided some valuable comments about terminology and the
structure of the items. During the first round, experts suggested using specific operational definitions to
avoid confusion. For example, in the draft STRIDE, users were asked whether there are targeted
interventions for high transmission areas. Experts pointed out that the term “high transmission” is
arbitrary and subject to individual interpretation, and suggested using a more specific definition. Based
on expert suggestion, the term “high transmission area” was replaced with “areas with unmanageable
caseload”, accompanied by an operational definition of “unmanageable” being “an area with more than
three reported malaria cases per health facility per week at any given time”, as described in WHO
guidelines [18]. Subsequently, the entire draft STRIDE was checked for unclear terminology and replaced
by specific operational definitions, and the revised items were included in the second Delphi round to be
re-evaluated by the experts.

During the first Delphi round, experts recommended improving the clarity of several STRIDE items. For
example, users were originally asked, “Does your country have a mandatory G6PD testing policy or
guideline for vivax cases?” Experts highlighted that this question was composite (double-barrelled) and
could confuse STRIDE users. One expert noted that a “mandatory policy” and “guidelines” represent two
distinct attributes and should therefore be separated into more specific items. Another expert stressed
that asking only about the existence of policies or guidelines was insufficient, because actual field
practice may differ substantially. In response to these comments, the original item was disaggregated
into the following components regarding G6PD testing in vivax malaria cases: “Mandatory G6PD testing
policy (Yes/No)”; “G6PD testing guidelines (Yes/No)”; “Training of health staff on G6PD testing
(Yes/No)”; “Availability of G6PD test kits at health facilities (Yes/No)”; and “Field monitoring to ensure
compliance to G6PD testing guidelines (Yes/No)”. The revised items were then re-evaluated during the
second Delphi round.

During the first round, the experts reviewed the proposed response measures of the draft STRIDE and
provided their feedback. They suggested that most of the response measures proposed in the draft
STRIDE were subjective. For example, users were asked to rate how frequently the national programme
provided feedback to its lower levels and partners regarding the quality of routine malaria surveillance
data, on a scale of 0 to 5 points (0 = no feedback provided and 5 = feedback always provided). The
experts pointed out that such a scale was open to interpretation. Based on expert feedback, the item
was revised to “What is the frequency of providing feedback to the lower levels and partners regarding
the quality of routine malaria surveillance data?” with responses levels of “weekly”, “monthly”, “quarterly”,
six-monthly”, and “yearly”. Other similar response measures of the draft STRIDE were reviewed, revised
and included in the second round of consultation.
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After the first round of the Delphi consultation, 53 items – 30 from the National Module and 23 from the
Sub-National Module – underwent major revisions and were re-evaluated by the expert panel in the
second round. In addition to these revised items, 36 new items (21 from the National Module and 15
from the Sub-National Module) were added based on expert suggestions and included in the second-
round assessment. Meanwhile, 36 items that required no change or only minor adjustments (such as
wording or language improvements) – 18 from each module – were endorsed after the first round. A
further 18 items (10 from the National Module and 8 from the Sub-National Module) were discarded
because experts considered them unfit for purpose, duplicative or irrelevant (Figs. 1a and 1b). Detailed
statistics for each item are described in Supplementary material 3.

Second round of Delphi consultation
During the second round of Delphi consultation, experts agreed that most of the revised items were
relevant to be included in STRIDE. Experts recommended minor refinements to improve both the clarity
and comprehensiveness of the items. Some experts suggested including WHO-endorsed definitions for
some technical terms such as “receptivity”. Experts expressed their concern that some non-malaria-
specific user groups (e.g. basic health staff) might not be familiar with these technical terms, and that
this might lead to confusion among users and introduce discrepancies in the results. Based on expert’s
suggestions, technical terms were accompanied by the standard WHO definitions (e.g. “receptivity is
defined by WHO as the ability of an ecosystem to allow transmission of malaria [18]”).

Additionally, experts suggested including some guidance on estimating the percentages of service
delivery coverage. Based on that, numerators and denominators of coverage were defined where
relevant, alongside the respective items, to reduce differences in interpretation among users. For
example, when asking about the percentage of receptive areas where targeted interventions for malaria
elimination were applied, the following instruction was provided: “Estimate the percentage by taking
“total number of smallest administrative unit (e.g. village) that are receptive to malaria” as denominator,
and “total number of smallest administrative unit where targeted intervention was applied” as
numerator.”

After the second round of Delphi consultation, 48 of 51 (94%) items in the National Module and 37 of 38
(97%) items in the Sub-National Module were endorsed. Three items from the National Module and one
item from the Sub-National Module were discarded based on experts’ suggestions. Two items from the
National Module – asking national level users to estimate the percentage of health facilities reporting
unmanageable caseload (i.e. reporting more than three cases per health facility per week), and about
presence of specialised intervention in those areas – were discarded because the expert panel
considered that they were about operational aspects and would not produce useful responses from
national-level users. Additionally, two items assessing the readiness of the elimination workforce in the
National Module and two items assessing the readiness of the surveillance system in the Sub-National
Module were considered duplicated, and were discarded from the final version of STRIDE (Figs. 1a and
1b).
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Final version of STRIDE
The final versions of the National Module and the Sub-National Module have 66 and 55 items
respectively (Supplemental material 4). These items assess the readiness for malaria elimination across
the six WHO health system building blocks – service delivery, surveillance, elimination workforce,
products and commodities, programme financing, leadership and governance – at both national and
sub-national levels. The I-CVI and S-CVI/Ave values for the items in both the National Module and the
Sub-National Module demonstrate that each individual item is strong and relevant, and that the
instruments as a whole are judged to have excellent content validity (Table 2).

Table 2
Number of items under each domain of the final version of STRIDE with content validity indexes

Domain National Module

(for national level users)

Sub-National Module

(for sub-national level users)

Service delivery 14 15

Surveillance 15 13

Elimination workforce 5 5

Products and commodities 12 11

Programme financing 7 7

Leadership and governance 13 4

Total number of questions 66 55

I-CVI (range)* 0.83 to 1.00 0.83 to 1.00

S-CVI/Ave 0.96 0.97

Note. I-CVI = item-level content validity index, S-CVI/Ave = scale-level content validity index using
averaging estimation method [45]; * I-CVI of each item is described in Supplemental table S1.

The National Module focuses on policy dimensions of malaria elimination, including quality assurance
and strategic planning to strengthen national progress (Supplemental material 4). The section on service
delivery (n = 14) measures the coverage of targeted interventions for high-risk areas and populations, the
availability of policies, guidelines, trained personnel, and test kits for mandatory G6PD testing, as well as
the coverage of both G6PD testing and radical cure for P. vivax cases. It also measures the existence of
specialised strategies to enhance community awareness and engagement. The surveillance component
(n = 15) measures laws or regulations for mandatory malaria case reporting and sectoral compliance,
mechanisms for updating reactive surveillance and response strategies, reporting performance across
sectors, systems for monitoring vector bionomics, insecticide and drug resistance, approaches for
ensuring surveillance data quality, and procedures for malaria record keeping.
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The elimination workforce domain (n = 5) measures staffing vacancies, capacity building mechanisms
for health staff across key malaria elimination functions, processes for updating training materials, and
the presence of long-term human resources plans. The products and commodities section (n = 12)
measures the accuracy of commodity forecasting systems, logistics management across national and
sub-national levels, storage conditions of malaria related supplies, supply chain systems, and quality
assurance mechanisms. Programme financing (n = 7) measures funding gaps, domestic financing
status, fund management capacity, and accountability. Finally, the leadership and governance domain (n 
= 13) measures high-level commitment to malaria elimination, intersectoral engagement and
coordination, availability of essential documents and guidelines, the research agenda, and the
governance structures overseeing elimination and research activities (Supplemental material 4).

The Sub-National Module focuses on the operational components of malaria elimination (Supplemental
material 4). The service delivery section (n = 15) measures the accessibility and coverage of vector
control, malaria testing, and treatment services for high-risk areas and populations, as well as local
practices related to G6PD testing and the provision of radical cure for P. vivax. The surveillance
component (n = 13) measures adherence to mandatory case notification across sectors, the timeliness
and completeness of reactive surveillance and response activities, and routine practices for data quality
assurance, reporting, and record-keeping.

The elimination workforce domain (n = 5) measures whether staffing levels and technical capacity are
sufficient to support essential elimination and programme management activities, and whether clear job
descriptions exist for staff categories. The products and commodities section (n = 11) measures the
availability of key commodities required in elimination settings, systems in place to prevent stock-outs
and product expiry, and practices related to storage and overall commodity management. Programme
financing (n = 7) measures the availability of adequate funding for planned activities, the presence of
flexible funding mechanisms for outbreaks and emergencies, as well as fund management capacity and
accountability structures. Lastly, the leadership and governance section (n = 4) measures high-level
commitment to malaria elimination, intersectoral engagement and coordination, and the availability of
essential documents, standard operating procedures, guidelines, and reporting formats necessary to
support elimination efforts (Supplemental material 4).

Discussion
STRIDE provides a structured framework to systematically measure an area’s readiness for malaria
elimination in terms of service delivery, surveillance, elimination workforce, products and commodities,
programme financing, and leadership and governance structures at both national and sub-national
levels. Moreover, based on consensus from a panel of experts, it is both qualitatively and quantitatively
valid, providing robust findings that can support policymakers and programme managers to identify
health system gaps and prioritise interventions within resource-limited settings.

Comprehensiveness of STRIDE in assessing health system
readiness towards malaria elimination
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Malaria elimination is a multifaceted process that requires support from a well-prepared health system
[24]. All health system building blocks must function harmoniously to maximise coverage and quality of
malaria services and achieve the intended goal of elimination [38]. A gap in one building block can affect
others, hindering overall progress toward malaria elimination [38]. As countries accelerate their efforts to
eliminate malaria, it is critical to comprehensively assess health systems against the WHO defined
building blocks for health system readiness [24]. Currently, no comprehensive tool exists to perform
such an assessment; STRIDE was designed to fill this gap.

Despite high-level commitments to malaria elimination, strong readiness at the national level does not
necessarily translate into equivalent preparedness across sub-national levels, because gaps in health
system readiness often exist at both levels [46]. Our recent study in the GMS highlighted operational
gaps at sub-national levels, including service disruptions, workforce shortage, and lack of essential
items (e.g. rapid diagnostic tests, medicines, long-lasting insecticidal treated nets), equipment (e.g.
mobile phones for reporting), and infrastructure (e.g. electricity, storage facilities) [47]. These
deficiencies could hinder the effective implementation of malaria elimination activities. To avoid this, it is
important to assess health system readiness at both national and sub-national levels. STRIDE has two
modules – one for national-level users and one for sub-national-level users. The National Module
focuses on higher-level policy aspects of elimination, such as the presence of essential policies,
strategies, guidelines, standard operating procedures, and plans for capacity building. The Sub-National
Module emphasises operational aspects, including service coverage, timeliness and completeness of
response activities, and availability of essential items, equipment, and infrastructure required to
implement upgraded malaria prevention, testing, treatment, and surveillance activities. When used
together, these two modules complement each other and can help strengthen health systems at both
levels.

STRIDE identifies health system issues across the six WHO building blocks that challenge the effective
implementation of malaria elimination activities in the GMS. The tool highlights critical gaps such as
delays in surveillance and response activities, funding shortfalls, insufficient technical knowledge and
skills in the health workforce, and inadequate cooperation among stakeholders. For instance, as
transmission declines, malaria cases become concentrated among certain populations (“hot pops”, such
as mobile and migrant populations [MMPs]) and in specific geographical areas (“hotspots”, such as
border areas) [48]. In such settings, WHO recommends that NMEPs tailor elimination interventions to
local epidemiological and operational contexts [1]. STRIDE can support this process by identifying gaps
in surveillance systems, including whether reactive surveillance and response strategies are regularly
reviewed and updated at the national level to address evolving transmission patterns.

Filling these gaps will enable the NMEPs and Ministries of Health to benefit from a vigilant surveillance
and response system, sustained domestic investment in healthcare, constant capacity building, and
multisectoral cooperation – key health system requirements for prevention of reintroduction of disease
[49, 50]. Furthermore, STRIDE can support NMEP programme managers in strengthening record-keeping

Page 13/24



practices to demonstrate successful interruption of onward transmission and to meet the
documentation requirements of the WHO malaria elimination certification committee [18].

How to strengthen health systems and accelerate progress
towards malaria elimination in the GMS
In GMS countries, malaria elimination efforts have relied heavily on international funding [51–53].
Recently, major international donors such as the United States President’s Malaria Initiative and the
Global Fund have either ceases or significantly reduced their malaria budgets [54, 55]. As international
funding declines, resulting funding gaps often weaken national malaria elimination efforts, leading to
service disruptions and delays in implementing reactive surveillance and response activities [56, 57]. In
such resource-limited contexts, strengthening the existing health system is crucial to overcome
foundational weaknesses that hinder effective healthcare delivery and to advance progress toward
universal health coverage [58, 59]. Therefore, NMEPs of the GMS countries, in collaboration with health
policymakers from Ministries of Health, should conduct comprehensive assessments of health system
readiness for malaria elimination. STRIDE will help NMEP programme managers in identifying and filling
gaps in health system building blocks to ensure efficient resource utilisation and sustain malaria
elimination efforts [53, 56, 60, 61].

Health systems and infrastructures vary widely across countries, and even neighbouring nations with
similar contexts can differ significantly in healthcare structures, processes and outcomes [62–64]. Given
these differences, as well as the context-specific nature of malaria transmission, STRIDE must be
adaptable to local epidemiological conditions, institutional arrangements and population needs. For
example, when assessing the readiness of the malaria elimination workforce, users are required to
estimate vacancy rates at national, provincial, district and health facility levels. Because workforce
structures and job categories often vary between countries, the tool should be tailored to include all
relevant cadres before implementation. Similarly, the relevance of certain indicators may differ across
settings. For instance, a question on stock-outs of G6PD test kits is applicable in countries where G6PD
testing is recommended before radical cure (e.g. Lao PDR and Vietnam), but not in Myanmar, where
national guidelines do not require this practice. To ensure alignment with country-specific health system
contexts, a practical approach is to conduct in-country stakeholder consultations to adapt and refine
STRIDE prior to implementation. Such a participatory process promotes NMEP ownership, enhances
contextual relevance, and facilitates the integration of STRIDE into national planning, monitoring and
evaluation processes [65–67].

Content validity of STRIDE
This study examined the content validity of STRIDE, an essential aspect of determining whether the tool
has an appropriate set of items (questions) that represent the construct being measured (i.e. health
system readiness ) and a key step in scale development more generally [68]. First, finalisation of STRIDE
was conducted through a Delphi consultation, an effective technique for achieving expert group
consensus [30]. During this process, content validity of STRIDE was assessed by experts and potential
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users with relevant backgrounds and theoretical knowledge of the domain of interest, as recommended
in scale development literature [69].

Second, content validity was evaluated quantitatively by estimating CVIs [70, 71]. In this study, both item-
level (I-CVI) and scale-level (S-CVI) indices were calculated, as recommended by Polit and Beck [45]. The
scale development literature suggests a tool with excellent content validity should exhibit an I-CVI of
0.78 or higher and an S-CVI of 0.90 or higher [45, 72–74]. In this study, the I-CVI ranged from 0.83 to 1.00,
and the S-CVI/Ave of the National Module and the Sub-National Module were 0.96 and 0.97 respectively,
demonstrating excellent content validity.

Establishing content validity is an important first step in determining the overall validity and reliability of
an assessment tool [75]. It is equally critical to establish construct validity – such as convergent,
divergent, factorial, criterion, and known‑groups validity – and perform reliability testing [76]. Due to time
limitations in this project, the STRIDE tool was not validated in terms of external or construct validity, nor
was its performance assessed using real‑world or end‑user data. As the next step, the STRIDE should be
subjected to comprehensive psychometric evaluation, including construct validity testing, reliability
assessment and real‑world performance studies, to ensure its robustness and applicability across
diverse settings.

Limitations of the study
In this study, STRIDE was finalised and validated through an expert panel review using the Delphi
technique. Because estimates of content validity are highly dependent on the quality of the expert panel,
limited diversity or heterogeneity in members’ experience and expertise may have influenced the
resulting content validity of the tool. Although expert retention was relatively high (75%), attrition is an
expected and commonly reported challenge in Delphi studies. Taken together, these factors introduce
the possibility of selection bias, which may have affected aspects of STRIDE’s development.

To ensure that STRIDE is robust and applicable across diverse settings, further studies and additional
forms of validation are required. STRIDE should undergo comprehensive psychometric evaluation –
including construct validity testing, reliability assessment, and real-world performance studies. Due to
time and resource constraints, we were unable to pilot test STRIDE with intended user groups to assess
its practical performance. Such piloting would have been highly valuable, enabling refinement of the tool,
assessment of usability, and adaptation for varied contexts. Therefore, a pilot study should be
undertaken as a next step to evaluate STRIDE’s performance, acceptability and operational feasibility.
This process would also help identify potential implementation barriers and facilitators, allowing
adjustments that enhance relevance and scalability. Ultimately, piloting and iterative refinement are
essential to making STRIDE not only theoretically sound but practical and impactful in real-world
settings.

Conclusions
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Development of STRIDE – a comprehensive tool for assessing the readiness of each WHO health system
building block – is a critical step in reorienting programmes from control to elimination. STRIDE
incorporates health system needs and issues identified through exploratory qualitative research with
malaria stakeholders, ensuring inclusion of essential parameters for successful elimination strategies in
the GMS. It evaluates readiness at both national and sub-national levels, enabling identification of
challenges that hinder the translation of high-level political commitment into actionable measures.
STRIDE will enable health policymakers and programme managers to systematically evaluate the
readiness of national and sub-national health systems for malaria elimination. By using STRIDE,
programme managers and health stakeholders can identify health system gaps and implement targeted
actions to prevent these weaknesses from undermining malaria elimination efforts. Ultimately, STRIDE
supports health system strengthening at multiple levels and enhances preparedness for malaria
elimination and broader health challenges.
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Figures

Figure 1

Figure 1a: Process for finalising STRIDE (National Module), after two rounds of Delphi consultation

Figure 1b: Process for finalising STRIDE (Sub-National Module), after two rounds of Delphi consultation
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