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Editorial on the Research Topic
 Digital interventions and serious mobile games for health in low- and middle-income countries (LMICs)




In recent years, digital technology has demonstrated significant potential for delivering public health, health systems and health interventions remotely in low- and middle-income countries (LMICs) (1). Particularly, mobile health (mhealth) applications and serious mobile games (games with a “serious” aim, e.g., improving knowledge or changing behavior) (2) and open-source technologies have promising evidence in supporting improved efficacy of public health solutions in LMIC settings (3). These digital interventions span across maternal and neonatal health, mental health, communicable and non-communicable diseases, clinical decision support, surveillance, and health communication.

There are existing challenges, however, to address for the effective development, design and implementation of these interventions, such as standard frameworks (4), equity and ethics (5), and sustainability in citizen health participation and practice in LMIC regions (6). For example, citizen participation is often digitally-based, excluding those groups without access to the technology (7). There is a resulting need to consider a range of participatory and narrative methods within this context, accounting for lived experience and local traditional knowledge and other means of empowerment (8), including innovations in participation for diverse communities (9).

A critical underpinning to impactful participation and adoption is digital literacy. Meherali et al. conducted a systematic review of digital literacy aimed to empower adolescent girls from LMICs–mainly those in Africa, Asia and South America. The authors found that digital literacy interventions, such as mhealth and internet-based tools, can support adolescent girls to access certain resources across health information and education. However, with other services, such as financial and economic, the evidence is inconclusive. The authors recommend that long-term studies are needed in this area to better determine the impact of these interventions.

A complementary literature review by Ouedraogo et al. provides a perspective on serious mobile game use and health literacy in Sub-saharan Africa, especially among youth and young adults who have increasing access to inexpensive phones. The review focuses on the availability and implementation of serious mobile games aimed at enabling the promotion of healthy behavior change in rural communities. Findings suggest that mobile serious games could enhance access to health information and thereby contribute to healthy behavior change, but due to limited resources in rural areas, implementing sustainable mhealth interventions remain a challenge, including barriers like internet connectivity, language, and low literacy.

These considerations are developed further in the evaluation of mobile serious game application, MANTRA (Mueller et al.) aimed at vulnerable low-literacy women and girls in rural Nepal. Building on participatory approaches for public health (10), MANTRA was developed through a co-creation development process with local stakeholders and rural women (11). During the 2015 Nepal earthquake, pregnant and perinatal women faced major challenges and disruptions to their healthcare. In this Research Topic, Mueller et al. assessed the impact of MANTRA on maternal and child health resilience and awareness of geohazards. MANTRA teaches 28 learning objectives and danger signs in geohazards, maternal, and neonatal health to improve knowledge and self-assessment of common conditions and risks to inform healthcare-seeking behavior. The evaluation results reveal significant knowledge gain in participants playing the serious game on mobile phones, suggestive of promising educational impacts, and opportunity for scaling up the work.

Kayastha et al. extended the MANTRA study to explore the perceptions and usability of the serious game app amongst rural Nepalese women and Female Community Health Volunteers providing basic primary health support and education in rural settings. Despite the challenges of a user group with limited educational levels and low smartphone experience, participants were willing to engage further with the mhealth intervention and to share their experience and knowledge with fellow community members. The MANTRA pilot highlights women's positive perceptions of mhealth, and contextualizes participant's knowledge gain and informed decision-making in maternal and neonatal health problems.

Almost two-thirds of the 2.4 million newborn deaths worldwide annually could be avoided through equitable implementation of existing low-cost evidence-based interventions (12). This could be addressed by supporting healthcare providers to deliver standardized high-quality newborn care in clinical settings where 90% of the world's mothers now deliver. Crehan et al. give insights into a real-world usability pilot of a mhealth application conducted in a hospital neonatal unit in Malawi. The Neotree is an open-source digital quality improvement system co-created with newborn healthcare providers and caregivers in Malawi, Zimbabwe and Bangladesh (3, 13). It combines immediate data capture, education, and clinical decision support in a mhealth app for healthcare professionals working in low-resource neonatal units. The present study describes the usability-focused optimisation of the Neotree app, combining agile methods with thematic analysis and iterative user refinement. System usability of the Neotree app remained high after refinements and usage of the app by 93 neonatal nurses as an intervention for 1,323 babies. The study demonstrated that optimisation of a mhealth app in a low-resource setting could potentially inform usability studies of apps in similar settings.

Other public health concerns such as mosquito-borne diseases place a huge public health burden on the inhabitants of tropical regions in LMICs, and surveillance is a crucial process for understanding the population dynamics of mosquitoes (14, 15) as well as predicting local weather and climatic conditions (16). Scaling a digital public health intervention for mosquito surveillance is the focus of the paper by Aldosery et al.. The authors describe the process of co-designing and implementing a mosquito surveillance system (MEWAR) in two Brazilian cities with significant input by environmental health surveillance agents. The study outcome for the MEWAR pilot suggests the potential transferability of learnings to other intervention tools and for possible adoption by other LMICs.

This collection of research papers underscores that digital health interventions, such as serious mobile games and open-source mhealth applications, are opportunities to overcome various healthcare challenges in LMICs, by:

• Addressing limited access to health information due to social barriers like low-literacy and gender disparity.

• Developing digital interventions which collect and provide information about ways of responding to public health problems and which can supplement rural and regional health infrastructures.

• Strengthening health systems and delivery of universal healthcare through provision of open-source data-driven solutions for improving clinical care at the point-of-care in low-resource healthcare settings.

Reflecting on policy and practice implications, the effective adoption of digital interventions in LMICs is intrinsically founded on an understanding of social, economic, and cultural contexts in which the intervention will be implemented. Successful adoption can further address a range of Sustainable Development Goals, such as SDG3: Good health and wellbeing, SDG5: Gender equality, and SDG11: Reduced inequality.

Critically, this Research Topic highlights key factors in achieving resilient and sustainable digital health interventions in LMICs, including: participation of community members and experts by experience in co-development and/or deployment of the intervention, ability to easily share knowledge, low-cost or free to the user, and sufficient funding and resource support (e.g., health workforce capacity) to integrate the solution into a public health routine.
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