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ABSTRACT

Despite the growing number of global initiatives aimed at reducing adverse maternal health outcomes, there remain critical gaps
and disparities in access to maternal health services in Cameroon and across the sub-Saharan Africa. Digital health innovations
represent unique opportunities for addressing maternal and newborn child health in sub-Saharan Africa. This article documents the
approach to developing the BornFyne-Prenatal Management System (PNMS) as an intervention to support maternal health issues in
Cameroon. The mixed-method design employed the three-delays model conducted in four health districts purposefully selected with
a mix of urban and rural settings as defined in the context. The study employed focus group discussions and interviews to inform the
development features. A total of 25 providers were interviewed, 12 focus group discussions and 4 workshops were held and a total of 3654
households were surveyed. Participants highlighted multifaceted advantages of using digital health platform such as BornFyne-PNMS to
enhance communication and care during pregnancy such as remote consultations, emergency response, increased patient engagement
and improved continuity of care and convenience. Most respondents believed that the use of a digital platform like BornFyne-PNMS
would greatly facilitate access to health facilities, especially during emergencies. The BornFyne-PNMS deployment includes community
engagement, training and practical skills building of health workers in the use of digital technologies, the establishment of an emergency
transport mechanism for response to emergency cases, assessment and upgrading of the computer hardware of enrolled health facilities
and support to health system managers to review and interpret the BornFyne data and interoperability with the national health
management information system.

Lay Summary

In Cameroon and most parts of sub-Saharan Africa, there are significant challenges to accessing maternal health services. Despite
global efforts, disparities persist especially in rural areas. Digital health platforms can help mitigate some of these challenges. This
paper presents the process in the development of the BornFyne-PNMS platform in Cameroon. Through surveys, interviews, focus
group discussions and workshops, potential users of the BornFyne-PNMS platform reported benefits of using a digital platform as
BornFyne-PNMS to include improved communication, remote consultations, better emergency response network, increased patient
engagement and enhanced continuity of care. The deployment of the BornFyne-PNMS platform involves community engagement,
training of health workers, establishing emergency transport mechanisms, upgrading computer hardware in health facilities and
supporting health system managers in interpreting and integrating BornFyne-PNMS data with national health information systems.
This initiative aims to bridge critical gaps and improve maternal health outcomes in rural settings.
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INTRODUCTION

Despite the growing number of global initiatives aimed at
reducing adverse maternal health outcomes, there remain critical
gaps and disparities in access to maternal health services in
Cameroon and across the sub-Saharan Africa (SSA) [1-17]. Digital
health innovations represent unique opportunities for addressing
maternal and newborn child health in SSA [11, 13]. This paper
documents the approach to developing the BornFyne-Prenatal
Management System (PNMS) as an intervention to support
maternal health issues in Cameroon.

In the last 20 years, several global initiatives have been devel-
oped to help fast-track progress towards maternal health targets
set in the millennium development goals and sustainable devel-
opment goals [1-4]. The current literature shows barriers to access
and utilization of routine and emergency maternal health services
in SSA [1-17]. This includes physical, topographical and financial
barriers and lack of knowledge, trust and awareness of available
services. Consequently, the SSA region accounts for the highest
burden of maternal deaths in the world [1-17].

Maternal health remains a public health emergency in
Cameroon with a maternal mortality rate of up to 596 deaths/
100000 live births [2-10, 17, 18]. This has been attributed partly
to the three delays [19]; delays in seeking care due to underlying
social determinants of health, e.g. lack of knowledge on preg-
nancy, lack of education and gender inequality; delays in reaching
care due to distance and cost and delays in receiving appropriate
care, including poor quality of care at health facilities, high out-
of-pocket expenses and poor adherence to clinical protocols [19,
20]. In addition to poor emergency and referral services, and long
walking distances for women to reach motorable roads to access
health facilities. Over the years, there has been a shift from the
first and second delays to the third delay, recognized as a major
contributor to maternal mortality and the most significant delay
for women who died in the facility or at home after receiving care
at the facility [21, 22]. For example, in 2016, an incident which
has been attributed more to the third delay occurred in front of
a health facility in Cameroon which led to the death of a woman
and her unborn twin [23]. To propose interventions, it is crucial
to recognize the specific factors that contribute to each delay,
as they vary and play a significant role in decreasing maternal
mortality. By identifying the factors that contribute to maternal
mortality and designing interventions aimed at addressing these
factors, we can work towards reducing maternal mortality rates
and improving maternal health outcomes.

Some SSA countries have seen some progress of up to 45%
reduction in the maternal mortality ratio between 1990 and 2015
[9], with varied improvements in access to antenatal, childbirth
and postnatal care services [10-12]. This progress is partly
attributable to transformative technologies [9-12]. However,
there are still critical gaps in access and utilization especially in
antenatal care (ANC), family planning and skilled birth deliveries
[13-16]. In an attempt to further address some of the delays
in seeking, accessing and recelving maternal care services,
the BornFyne-PNMS, an innovative digital health solution was
developed and tested in 2018 in the Northwest region of Cameroon
[24]. The first phase was implemented in 2018-2019 and assessed
acceptability and feasibility in an ideal setting with 140 poor
pregnant women (PW) in Bali health district, in Northwestern
Cameroon, in two health facilities [24, 25]. The initial assessment
showed that the digital solution was acceptable to users and
feasible to implement but needed to include the provision of
ANC and post-natal care (PNC) vouchers (to remove out-of-pocket

payments), smartphone devices and solar chargers and computer
hardware and solar charging systems to health facilities [25] for
ease of implementation. The second phase of BornFyne’s proof-
of-concept is currently being implemented in four districts (both
French and English-speaking) to assess BornFyne's acceptability
and feasibility in a real-world setting, without the provision of
e-vouchers or smartphone devices and solar chargers [26].

In 2020, the Ministry of Public Health of Cameroon launched
its digital health framework [20]. This framework identifies many
challenges facing the health system in Cameroon, as highlighted
by the Ministry of Public Health. They include geographic inac-
cessibility, low demand for services, delay in care delivery, poor
adherence to clinical protocols and high out-of-pocket expenses—
which to some extent may be mitigated through the contribution
of digital health interventions [20]. The framework outlines the
importance of health facilities being digitalized, and some of
the main objectives listed are the need to train and build the
capacity of health providers and health facilities to use digi-
tal platforms, deliver maternal care, deploy existing applications
within current structures, develop interoperability layers with the
existing district health information system (dhis2) and overall
transformation and development of national infrastructures to
support digital health platforms [20].

In 2021, the World Health Organization (WHO) launched
the WHO Digital Adaptation Kit (DAK) for ANC as part of the
Standards-based, Machine-readable, Adaptive, Requirements-
based and Testable (SMART) guidelines which constitute a
package of business process workflows, core data elements,
decision-support algorithms, linkages to indicators and functional
requirements that are more easily translated into digital systems
[27-30]. This article therefore documents the approach to
developing the BornFyne-PNMS, as an intervention to support
maternal health issues in Cameroon. The article discusses
the underlying assumptions and framework that informed the
development of BornFyne-PNMS version 2.0 refined to integrate
the WHO DAK for the ANC features and community user feedback
from the BornFyne-PNMS version 1.0.

BornFyne prenatal management system (PNMS)
version 2.0

BornFyne-PNMS is a digital health solution that targets two dis-
tinct sets of users: PW and households defined as user 1 (U1) and
health care providers and health facilities defined as user 2 (U2)
[24-26]. The BornFyne-PNMS platform includes (i) A client-facing
smartphone application designed with a graphical interface for
easy navigation by women with low literacy. It includes six mod-
ules (see Fig. 1): two modules function entirely offline and allow
the user to listen to pre-recorded audio content in the local dialect
on family planning and other priority health topics [26]. The two
offline modules allow users to engage with educational health
content on family planning, malaria, COVID-19, ANC/PNC and any
other locally relevant health information [26]. The innovation uses
prompts and cues to trigger behavior change using both the user
interface and the web-based interface. These user-friendly pic-
tographs are designed using a community engagement approach
to ensure that they reflect community perspectives and local
context. This serves as a continuous educational platform for
women and households in the comfort of their homes compared
to standard practice which only relies on sporadic campaigns and
during ANC visits. The content is developed following extensive
user engagement to identify priority topics knowledge gaps and
user concerns. These messages are audio-recorded and uploaded
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Figure 1. BornFyne-PNMS version 2.0

in local spoken languages in addition to supplemental links for
those who can read in English and French.

The four online modules allow the user to receive personalized
ANC and PNC reminder messages (according to their unique
medical profile) and contact a health worker for triage and linkage
to emergency transport services in the case of an emergency [24,
26] (U1). Four modules require network access to connect to the
facility (see fig. 1). These include the ANC and postnatal modules,
and two modules that allow a mother to request emergency
support in the case of pain or a medical emergency.

(ii) A health worker-facing electronic medical record that struc-
tures data entry during antenatal and postnatal visits for more
complete, accurate and timely data collection. The ANC module
has been designed by integrating the WHO DAK for ANC guide-
lines [27, 30] to support health workers in their adherence to
protocols and clinical decision-making (U2). Also, the U2 interface
is structured to facilitate interoperability with existing health
management information systems to enhance the quality-of-care
delivery and improve data in an accessible and actionable format
to inform policies and program interventions strategies towards
reducing maternal mortality and achieving universal health cov-
erage.

METHODOLOGY

The three-delays model has been widely used to assess and
understand maternal mortality in different contexts [19, 21, 22].
The model was used to inform the development of the BornFyne-
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PNMS digital platform to address maternal health issues and the
underlying features of the BornFyne-PNMS platforms.

Setting and context

Cameroon is a lower middle-income country, with a population
estimate of 26 million in 2020 [18]. Women comprise up to 50% of
the population [18, 31, 32]. Health is financed mainly through out-
of-pocket expenditure [32]. Cameroon is made up of 10 regions,
2 of the regions are English speaking and 8 are French speaking.
There are two official national languages, French and English
and over 250 locally spoken dialects. The selection of the four
districts for this study aimed to encompass linguistic and regional
diversity in Cameroon, reflecting the dual linguistic context of the
country. Two French-speaking districts (Akonolinga and Ayos) and
two English-speaking districts (Tiko and Bangem) were chosen
purposefully to ensure a comprehensive representation of rural
areas. The goal was to capture potential variations in healthcare
practices, cultural factors and health outcomes associated with
linguistic differences. While higher levels of adolescent pregnancy
were noted in French districts later in the paper, it’s important to
clarify that the selection was primarily driven by the need for a
balanced and inclusive examination of ANC accessibility across
distinct linguistic and regional contexts in rural Cameroon. Based
on information gathered from the district, the four districts Tiko,
Bangem, Akonolinga and Ayos represent a total population of
164284, 26 480, 90565, and 44 153, respectively.

In Cameroon, up to 71% of the population live below $5 per
day and over 50% live under $2 per day [18, 31, 32]. Up to 44%
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of the population live in rural settings [18, 31-34]. In addition,
most women only tend to learn about family planning during
antenatal or postpartum clinic visits, in which some are unable
to adequately access due to high out-of-pocket expenses [34].
In 2017, the country adopted a performance-based financing
program that pays provider incentives based on predefined qual-
ity and quantity criteria as a national strategy to improve the
quality-of-care delivery for RMNCH and health providers’ per-
formance [33]. Recently, the country has launched a universal
health coverage program which is currently being pilot tested
in selected districts. The health system is decentralized with a
pyramidal structure that includes the national where the polices
are defined, the regional level where the policies are translated
into operations and the operational level which is the district
where the policies are operational into actions [20, 33]. Healthcare
is delivered in both private and public sector. The private sector
is made up of private for profit and confessional health facilities
(this includes faith based Catholic, Baptist and Presbyterian). In
rural Cameroon, healthcare is provided through a mix of private,
public and confessional facilities. The distribution and types of
these facilities impact access to healthcare in the study districts,
with private establishments, government-run facilities and those
affiliated with religious organizations all playing significant roles.
This diversity impacts the healthcare landscape and is essential
to understand ANC for PW in the studied areas.

The rural health system in Cameroon comprises primary
healthcare centers, community health posts and district hos-
pitals, providing essential services at local and regional levels.
These structures are overseen by the Ministry of Public Health in
collaboration with regional health delegations, forming an inte-
grated national health system. This setup ensures a continuum of
care, effective resource allocation and communication channels
between local and national levels.

Study design

This is a mixed-method design and part of a larger study. The
formative study employed participatory action research approach
through focus group discussions (FGDs), workshop and interviews
to inform the development features. Drawing from lessons learnt
and user feedback from the initial pilot in Bali district. In addi-
tion, a household survey was initially conducted to explore the
community’s perspective on introducing a digital platform that
connects PW or households to a health facility as an intervention
mechanism to address the delays in accessing and receiving care
during pregnancy.

The development and refinement of the BornFyne-PNMS were
informed by the three-delays model using a community participa-
tory action research approach and engagement strategies through
FGDs, interviews, surveys and workshops to ensure acceptability,
usability and adaptability (see Fig. 2). This approach is ideal for
co-developing interventions with the people rather than for the
people [35]. In addition, stakeholder meetings were organized in
all four districts including the regional and central level [26]. The
stakeholder meetings were part of the community mobilization
approach to ensure a broader inclusion of stakeholders’ perspec-
tive as co-designers to inform the development features and
implementation of the BornFyne-PNMS platform. This process
and the outcome are described in detail elsewhere [26].

The interview and FGDs explored the three phases of delay
from health providers and the community’s perspective in using a
digital platform to access maternal services. In addition, the team
employed a typical scenario of the incident that occurred in 2016
in an urban city in Cameroon where a young lady sought care ata

health facility, upon arriving at the health facility, the lady could
not receive timely care partly due to inability to pay for services
and other underlying delayed factors which led to her death
alongside her unborn twin [23]. This scenario was used during the
workshop with health providers as a mock-up scene to elucidate
all possible approaches to delays that may have contributed to
this outcome. This was then contextualized in a rural setting to
expand on the problem taking into consideration that some of the
delays in an urban setting may be exacerbated in a rural setting.
This was to further inform the BornFyne-PNMS features and guide
the refinement and further development of version 2.0.

Participants for survey and interviews

The survey was designed as a door-to-door assessment adminis-
tered by data collectors who are familiar with the target health
district, have worked on similar projects and have conducted
home visits in the past. Only women who were pregnant or had
given birth before were identified for the FGDs and their men
were invited including other men whose wives had recently given
birth. Health providers were identified to be interviewed and
community health workers (CHWSs) for FGD. All age groups were
represented in women from 13 to 49. The adolescent age group
was included as pre-teen pregnancy was high in the French region.

Survey sampling procedure

The districts have distinct characteristics with a mix of what
can be considered rural, remote rural and semi-urban settings
within the context. Based on data gathered from the districts, the
estimated number of households was 18 113 in Akonolinga, 8831
in Ayos, 1100 in Bangem and 28386 in Tiko (see Fig. 2). We deter-
mined the number of households to be surveyed based on the cost
per household visit, the availability of project resources and the
project timeline. We estimated the total number of households to
be surveyed per district based on the estimated cost of 3000 CFA
per day (<$10USD) and a maximum of 30 households per CHW
per day. Thus, it was anticipated that a total of 1300 households
would be surveyed in Akonolinga, 1000 in Ayos, 2000 in Tiko and
800 in Bangem.

Interview and FGD procedure

Interviews were conducted with providers. Providers from a mix of
private, public and confessional health facilities were identified to
be interviewed. FGD was conducted with health providers during
the workshop using the mock scenario. FGD was conducted for
women, men and CHW. A convenient location and time were
agreed upon for the FGD. Figure 3 outlined all the steps in the
development process.

Data collection and tools
Survey

Data collectors administered the survey, a three-point Likert scale,
was employed, and respondents were asked to answer Yes, No or
Not sure. The survey contained 80 questions; however, this study
is focused on 12 questions including the demographic questions.
The objective was to assess households with mobile phones,
network coverage and PW and their perspective on using mobile
phones to connect to health facilities and receive care during
pregnancy. The survey lasted for 30-45 minutes, and informed
consent was provided to all households. Trained data collectors
who have been conducting similar surveys were employed and
used a door-to-door approach to select households for the sur-
vey, and any household that refused to participate was skipped.
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Figure 3. Steps in the development of BornFyne-PNMS version 2.0

Instead, the next household was visited until the timeline for the
survey was reached or resources for the survey were exhausted.

Interviews

Interviews for providers explored health providers’ perspectives
on the use of digital platforms to deliver care with a focus on
challenges and facilitators attributed to the third delay. The ques-
tions for the survey were applied in a semi-structured format with
slight modifications to understand the provider’s perspective of
using digital platforms like BornFyne-PNMS to deliver reproduc-
tive maternal newborn child and adolescent health (RMNCAH)
at their health facility in addition to other questions related to
the three-delays model. The interviews commenced with warm-
up questions to explore the provider’s role at the health facility
and were followed by challenges and facilitators in delivery care to
PW especially during an emergency. This was further probed with
the perspective of using a digital platform to support or facilitate
care during pregnancy with a focus on emergencies at their health
facilities.
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FGD

A subset of women was invited during the survey for the FGD
if they've been pregnant and/or have delivered before. The
questions for the survey were applied in a semi-structured
format to understand the perspective of using digital platforms
in addition to other questions related to the three-delays model.
The discussion started with a warm-up question to explore
women'’s pregnancy and previous experiences. This was followed
by a situational assessment of the current pregnancy, their
challenges and facilitators in seeking and accessing care and
further explored the use of a digital platform to facilitate
access to health facilities. Women were asked to list possible
advantages or disadvantages of using a phone to be connected
to a health facility Women were also asked to present any
possible experiences or scenarios that they may have come
across similar to the mock example and to identify possible
intervention solutions within their context. The FGD for men
was specific to men whose women participated in the FGD and
were pregnant with a few additions of some men whose wives
were not part of the focus group, but their wives recently gave
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birth. The questions for men were the same as those of the
women.

For CHWs, the questions were the same with minor adaptation
on looking at it from a community perspective especially as
community health workers are more exposed to the household
and their perspective and responses were tailored to the com-
munity perspective. In addition to informed consent, parental
consent was obtained verbally for all participants below 21 years.
FGD was done separately for men and women. The FGDs were
used to explore women’s and households’ challenges in seeking,
accessing and receiving care at health facilities during pregnancy.
This was mostly tailored around key concepts of the three delays
with a focus on phase 1 and 2 delays. For CHW, we explored the
community’s challenges in accessing health facilities and using
specific health facilities during pregnancy and the use of digital
health as an intervention. In addition, workshops were conducted
with health providers with a 30-minute session fashioned in a
FGD format using the mock-up scenario of the incident that
illustrates the ‘lady who attended the health facility but could
not receive timely care and lost her life and her unborn twins’ to
elucidate potential underlining delays that could have led to the
incident attributable to a rural context and potential intervention
solutions to address such incidence. The workshop is presented
in detail in a subsequent paper. This study only captured the
workshop discussions related to the identification of potential
delays that could be attributed to the incident related to the mock-
up scenario.

Equity considerations in the design and implementation of
the BornFyne-PNMS platform

The design and implementation of the BornFyne-PNMS platform
employed an equity focused lens PROGRESS (Place, race, occu-
pation, gender, religion, education, socioeconomic status, social
capital) plus characteristics (age, disability) [36]. Informed by the
PROGRESS lens [36], we identified three major equity components
in the design and implementation of a digital platform; the pop-
ulation (users of the platform) to be targeted, the context that
the intervention is implemented(rural) and the consideration of
literacy level (educational status).

Population to be targeted (pregnant women and households)..
Defining the target population is fundamental in the design of
a digital platform. Population is an equity concept which in the
case of the BornFyne-PNMS. PW constitute one of the primary
users; therefore, gaining a deep understanding of their challenges
help tailored the intervention to meet the specific needs and
objectives in improving maternal health outcomes. This ensures
the platformis not only effective but also responsive to the unique
circumstances of PW. Designing interventions inclusive of pop-
ulations experiencing vulnerability as co-designers will promote
equity in access.

Context of implementation.. Commencing the interventions in
rural settings is rooted in the fact that most rural settings often
face unique healthcare challenges, including limited access to
healthcare facilities, infrastructures and resources [37]. In addi-
tion, our assumption that an intervention designed for a rural
setting can be adapted for urban areas is grounded in the under-
standing that rural settings typically have more limited resources
and infrastructure thus, we assumed that digital intervention
that works in such conditions is likely to be adaptable to urban
settings with more resources and infrastructure. Urban settings
have their unique challenges, including population density and

potentially different healthcare infrastructure. However, starting
in a rural context provides an opportunity to refine the inter-
vention in a resource-constrained environment before scaling
it to urban areas that has more resources and infrastructures.
Thus, successful implementation in a rural setting can serve as a
model for scaling the intervention to urban areas. Lessons learned
and best practices can be applied to ensure smooth adaptation.
In addition, health care providers in rural settings face unique
challenges in delivering maternal care; thus, designing digital
platform interventions requires engaging with health providers
as co-designers and a careful understanding of their challenges
to facilitate adaptation.

Consideration of literacy level and populations experiencing vul-
nerability.. Recognizing the challenges faced by nonliterate and
populations experiencing vulnerability is essential in designing
digital interventions. Designing the BornFyne-PNMS platform
taking into consideration their realities and needs in mind can
make it more accessible and effective. Thus, prioritizing the needs
of nonliterate aligns with the principles of health equity. This
ensures that those who face the greatest disparities in healthcare
access are not left behind. In summary, the approach of targeting
populations experiencing vulnerability and households in rural
setting while considering the needs of the nonliterate population
is a strategic way to promote equity in access. It allows for the
development of an intervention that can potentially benefit a
wider range of populations, including those with higher literacy
levels in both rural and urban contexts. However, it is crucial to
continually assess and adapt the BornFyne-PNMS intervention to
ensure its effectiveness and relevance.

The literature has documented low literacy of women in SSA
as a contributory factor to some of the delays in accessing and
receiving care [1-4, 19, 21, 22]. Thus, we assumed that if the
BornFyne-PNMS platform is developed taking into consideration
the realities and challenges of nonliterate and vulnerable persons,
it would be easily accepted by a literate group. Secondly, if an
intervention is designed taking into consideration the realities of
a rural setting, it would likely and easily be adapted within an
urban setting. Thus, the following assumptions underpinned the
development of the BornFyne-PNMS digital platform:

Assumption 1: Digital intervention that is easily understood
and interpreted by populations experiencing vulnerability (in this
context, PW), especially a nonliterate group would be easily inter-
preted by the literate group taking into consideration that the
literate population has an additional alternative advantage to
read the intervention labels.

Assumption II: Digital intervention that considers rural and
remote context challenges, and/or opportunities are likely to be
easily adapted to urban context (considering that urban settings
have more resources and infrastructures) to facilitate acceptabil-
ity and uptake.

Quantitative data analysis

The survey was analyzed using SPSS to generate descriptive
results of percentages to describe the characteristics of respon-
dents in the household survey and their responses in using mobile
phones to connect to their health facility.

Qualitative data analysis for interviews and FGDs

FGD and interviews were analyzed using MaxQDA software. The-
matic analysis incorporates themes from the three-delays model.
Data analysis was performed by two independent coders: MN and
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Table 1. Socio-demographic characteristics of respondents for the household survey
Demographic Tiko (N =1445) Ayos (N=852) Akonolinga (N =705) Bangem (N =652)
characteristics n (%) n (%) n (%) n (%)
Gender
Men 362 (25.1) 404 (47.4) 436 (61.8) 132 (20.2)
Women 1083 (74.9) 448 (52.6) 269 (38.2) 520 (79.8)
Marital Status
Married 778 (53.8) 257 (30.2) 186 (26.4) 433 (66.4)
Divorced 38 (2.6) 8(0.9) 13 (1.8) 11(1.7)
Single 443 (30.7) 381 (44.7) 404 (57.3) 159 (24.4)
Widowed 160 (11.1) 46 (5.4) 68 (9.6) 42 (6.4)
Prefer not to say 26 (1.8) 160 (18.8) 34 (4.8) 7 (1.1)
Education
Primary 522 (36.1) 137 (16.1) 124 (17.6) 179 (27.5)
Secondary 580 (40.1) 359 (42.1) 297 (42.1) 242 (37.1)
High School 259 (17.9) 152 (17.8) 191 (27.1) 127 (19.5)
Bachelors 33 (2.3) 97 (11.4) 35 (5.0) 75 (11.5)
Masters 6(0.4) 4(0.5) 2(0.3) 3(0.5)
PhD 5(0.3) 9(1.1) 8 (1.1) 0(0.0)
No formal education 40 (2.8) 27 (3.2) 2(0.3) 18 (2.8)
Other 0(0.0) 67 (7.9) 46 (6.5) 8(1.2)
Table 2. Mean age and characteristics of household respondents
Tiko Bangem Ayos Akonolinga
N=1444 N=652 N=852 N=705
Mean SD Mean SD Mean SD Mean SD
Age of survey respondents 41.27 13.56 34.88 11.58 36.46 12.23 42.67 15.11
How many people live in your household in total? 5.41 2.68 5.99 2.69 6.16 2.53 6.69 3.35
Number of males in your household 2.32 1.62 2.85 2.05 5.20 2.87 4.38 3.33
Number of females in your household 3.15 1.85 3.23 1.68 2.77 1.65 2.69 2.05
Total adolescent per household 1.43 1.52 1.59 1.54 2.86 2.02 2.85 1.96

MNN. The coded elements were reviewed and compared by AF and
PO for agreement. Responses were further grouped based on each
category and elements that described the categories and themes
from the three-delays model. The responses from community and
providers perspectives were further discussed to inform further
refinement of the BornFyne platform.

Ethics approval

Ethical approval was obtained from the National Ethics Board
of Cameroon ref # 2022/07/1467/CE/CNERSH/SP and the Univer-
sity of Ottawa Social Science Ethics Board ref #H-05-22-8077.
Administrative clearances were obtained from the Ministry of
Public Health at the national level in Cameroon (ref. D30-1440
No. 631-3822) in collaboration with the Division for Health Oper-
ations Research (DROS) in Cameroon, the Southwest Regional
Delegation of Public Health (ref. P412/MINSANTE/SWR/RDPH/CB:
PF/941/618), and the Central Regional Delegation of Public Health
(ref. 1393-4/AAR/MINSANTE/SG/DRSPC).

RESULTS
Quantitative results

In Tiko and Bangem, most of the survey respondents were women,;
however, in Akonolinga, mostly men responded to the survey
(Tables 1 and 2). In Ayos, the number of female respondents was
almost equal to the number of males as shown in Table 1. The sur-
vey was focused on understanding the household’s perspective

on using mobile phones to receive care and possession of mobile
phones and network coverage. Over 90% of respondents reported
that they have never used a mobile phone to be connected to
their health facility or health care provider. Meanwhile, over 85%
are willing to use a mobile phone to communicate or connect
to health facilities. Most households responded that they own a
phone, but only close to 30% have a smartphone with the least
reported in Akonolinga. Most households responded that they
have network coverage (see Table 3). Most respondents reported
that they walk to their health facility or use a bike.

Based on the assessment of mobile phone possession, Table 3
describes respondents’ perspectives on the use of mobile phones,
the possibility to communicate with health care providers as well
as the willingness to receive notification for ANC services. Most
men possessed smart phone compared to the number of women
who reported owning one.

Figure 4 demonstrates the means used by participants to
access health facility with the majority mentioned walking as
their main means of transport whether the distance is far or not.
Women reported walking as their main mode of transportation to
the health facility during antenatal and most of the women had
much lower level of education compared to the men.

Figure 5 demonstrates how the various networks are being
used. For the Bangem district, participants notified MTN Network
as the only network being used in the district. Participants in
the Ayos district mentioned both Orange and MTN networks.
But for both Tiko and Akonolinga district whereby the various
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Table 3. Household assessment of mobile phone possession and perspective of using a mobile phone to connect

to a health facility

Response Tiko N =1445 Akonolinga N=705 Ayos N=852 Bangem N=652
n (%) n (%) n (%) n (%)
Used a mobile phone to connect to a doctor or your health facility
Yes 42 (3) 21 (3) 70 (8) 117 (18)
No 1359 (94) 396 (56) 782 (92) 528 (81)
No response 44 (3) 288 (41) 0(0) 7 (1)
Used a mobile phone to communicate with a doctor during an emergency

Yes 31(2) 46 (7) 118 (14) 166 (25)
No 1382 (96) 658 (93) 734 (36) 482 (74)
No response 32 (2) 1(0) 0 (0) 4(1)

Willingness of participants and their household to use a mobile phone to connect with a health facility during pregnancy

Yes 783 (54) 660 (94) 756 (89) 593 (91)
No 541 (37) 45 (6) 96 (11) 46 (7)
Not sure 84 (6) 0(0) 0(0) 11 (2)
No response 37 (3) 0 (0) 0 (0) 2 (0)
Willingness of participants to receive text messages for antenatal care through mobile phones
Yes 634 (44) 669 (95) 711 (83) 637 (98)
No 716 (50) 36 (5) 119 (14) 7 (1)
Not sure 0 (0) 0 (0) 22 (3) 0 (0)
No response 95 (7) 2 (0) 0(0) 8 (1)
Notification regarding any member of household having a phone
Yes 1156 (80) 117 (17) 315 (37) 606 (93)
No 170 (12) 587 (83) 523 (61) 22 (3)
Not sure 3(0) 1(0) 14 (2) 1(0)
No response 116 (8) 0 (0) 0 (0) 23 (4)
Notification regarding any member of household having a smart phone
Yes 755 (52) 101 (14) 189 (22) 504 (77)
No 597 (41) 603 (86) 646 (76) 133 (20)
Not sure 0(0) 1(0) 17 (2) 0(0)
No response 93 (6) 0(0) 0(0) 15 (2)
Participants response regarding having mobile network in their household area
Yes 1316 (91) 569 (81) 773 (91) 631 (97)
No 58 (4) 102 (14) 31 (4) 6 (1)
Not sure 4(0) 14 (2) 48 (6) 1(0)
No response 67 (5) 20 (3) 0(0) 14 (2)

% of respondents that reported their mode of

transportation to a health
100

80

60

20

Akonolinga

0
Ayos

mWalk mWalk/Bike mTaxi/Car

facility in their district

Bangem Tiko

m Other

Figure 4. Transportation means used by respondents to reach the health facility.

participants mentioned almost all the various networks used
in their district despite having higher percentages in MTN and
Orange with 26% and 70% for Akonolinga and 73% and 23% in
Tiko district respectively.

Qualitative results

Characteristics of respondents for interviews and FGD

A total of 25 providers were interviewed across the four districts
including male and female. Majority of female respondents were

identified as nurses. Community health workers were mostly
middle-aged 30 years and above with mostly primary and sec-
ondary education (see Table 4). PW of adolescent age group were
observed more in Akonolinga as shown in Tables 3 and 4, whereas,
in Tiko and Bangem, it was mostly above 20 years. We conducted
an overall total of 12 FGD sessions plus four workshops fashioned
after the FGD session, one per district. Four main categories of
respondents were involved which include health care providers,
community health workers, PW and men (see Table 5). Each of
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Household survey of network availability distributed by districts
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Figure 5. Network coverage, connectivity, and availability

these respondents has their own understanding regarding delays
in accessing and receiving prenatal services as described below.

Figures 6 and 7 shows the respondents distribution based on
their status as either health care providers (HCP), CHW, PW and
men distributed by the four districts involved in the study.

Basically, Fig. 8 shows the various participants’ gender in the
various districts. Women had the highest with 62 (59.0%) and
43 (41%) for the men. Tiko districts had the highest number of
women with 22 (21%) participants and Akonolinga had the highest
number of men with 13 (12.4%).

Using the three delays to understand the contextual
issues in accessing ANC in the four districts as reported
by participants.

Participants across all districts reported a wide range of delays
that are interconnected and can create a complex web of barriers
to accessing care by women especially in rural settings. These
are categorized and described below using themes from the three
delays and also illustrated in Tables 6 and 7.

Phase I delay: deciding to seek care.

The factors mentioned by participants across the four districts
attributed to delays in seeking and receiving care are varied and
can have significant impact on accessing care during pregnancy.
Participants mentioned.

i) Access to money: Financial constraints were reported as a
major barrier in seeking care. Participant struggles to afford trans-
portation to a health care facility. This was discussed especially
in relation to the issue of early pregnancy among young women
below the age of 18 and was reported as a concerning health
and social issue in Akonolinga district. The fact that some of
the women who participated in FGD were below 18 and required
parental consent for their participation highlights the gravity of
the situation.

‘When a young girl is pregnant and is impregnated by a young boy,
it becomes difficult because they don’t financially have the means. To

Ayos

0%
°

0% 00

*MIN =ORANGE =NEXTEL +«CAMTEL =No Network

Bangem

0% 0999%

*MIN +ORANGE +NEXTEL +CAMTEL *No Network

start your ANC visit here, if you don’t have at least 20-25,000cfa
you will not start. When such young people arrive, incapable of even
eating, they are forced to turn their backs on them. When you turn
your back, it’s only the traditional/herbalist that can assist’ [FGD Men
Akonolinga/Tiko].

‘Some have all their pregnancies without ANC visits because they
don’t have money to go to the hospital because of exam fees or
because the health facility is far, maybe she doesn’t have 1000 FRS
to arrive at the hospital’ [FGD CHW Ayos, Akonolinga, Tiko and
Bangem].

ii) Perceived accessibility in relation to distance: The perception
of how far the health facility is from participant’s home has an
influence on their health seeking behaviour and choice they made
in accessing health facility. If participants believed the health
facility is distant, they may delay in seeking care especially when
the situation is not considered urgent.

‘The distance is far, so when you travel on a bike and reach the hospital,
you feel like you want to give birth. Even going for visits is difficult
because when it rains the road is bad. I collapsed at home once because
of malaria, there were no bikes, so they called the doctor, but there was
no way’ [FGD Women, Bangem/Ayos].

iil) Weather and seasonal challenges: Weather conditions such
as heavy rains and flooding make road impassable especially in
the rural areas and this has the potential to delay care for some
women. Muddy and flooded roads can make it impossible for
vehicles to move, and participants reported this as a potential
delay in reaching health facilities.

“Maybe it’s raining, and you are forced to enter the rain to get to your
antenatal [FGD Ayos Women].

iv) Limited education: Limited education can lead to lack of
awareness about the importance of seeking timely care.
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Table 4. Individual distribution of respondents for FGD by district involving their demographics

characteristics

Participants District Age Gender Occupation Education
Men Ayos 29 Male Student nurse Student
Men Ayos 29 Male Electrician Secondary
Men Ayos 24 Male - Secondary
Men Ayos 36 Male - High school
Men Akonolinga 20 Male - High school
Men Akonolinga 44 Male - Secondary
Men Akonolinga 44 Male - Secondary
Men Akonolinga 42 Male - Secondary
Men Akonolinga 20 Male - High school
Men Akonolinga 21 Male - High school
Men Akonolinga 50 Male - Primary
Men Akonolinga 22 Male - High School
Men Tiko 42 Male Farmer -

Men Tiko 37 Male Teacher Secondary
Men Tiko 55 Male Farmer -

Men Tiko 38 Male Trader -

Men Tiko 36 Male Trader -

Men Tiko 30 Male Mechanic -

Men Tiko 34 Male Driver -

Men Tiko 28 Male Teacher -

Men Bangem 39 Male Farmer -

Men Bangem 32 Male Farmer -

Men Bangem 48 Male Trader -

Men Bangem 37 Male Farmer -

Men Bangem 50 Male Farmer -

PW Ayos 18 Female Student Secondary
PW Ayos 23 Female Student University
PW Ayos 32 Female Nurse High school diploma
PW Ayos 22 Female Student University
PW Ayos 24 Female Student University
PW Akonolinga 35 Female - Secondary
PW Akonolinga 30 Female - Primary
PW Akonolinga 33 Female - Primary
PW Akonolinga 16 Female - Secondary
PW Akonolinga 15 Female - Primary
PW Akonolinga 16 Female - Primary
PW Akonolinga 30 Female Student University
PW Akonolinga 17 Female - Primary
PW Tiko 36 Female Teacher (primary) -

PW Tiko 24 Female Hairdresser -

PW Tiko 22 Female Fashion designer -

PW Tiko 26 Female Housewife and farmer -

PW Tiko 28 Female Housewife -

PW Tiko 32 Female Petit business -

PW Tiko 29 Female Petit business -

PW Bangem 33 Female Housewife and farmer -

PW Bangem 35 Female Housewife and farmer -

PW Bangem 28 Female Hairdresser -

PW Bangem 30 Female Farmer -

PW Bangem 26 Female Housewife and farmer -

PW Bangem 25 Female Farmer -

‘The first issue is generally the lack of information, the women come
from rural areas, and when they get here in emergency states, there is
usually a lack of data’ [Akonolinga HCP].

‘Some women are not monitored, some have no booklet and some have
no documentation’ [Akonolinga HCP].

vi) Privacy and confidentiality:

Participants consistently emphasized the critical role of pri-
vacy issues in hindering access to ANC. Concerns about pri-

vacy, whether related to facility-based care or the use of digital
platforms, emerged as an important concern. Some women will
shop around during pregnancy—that is women will travel further
away from their homes for ANC clinic for various reasons despite
having a health facility beside their home. This was reported
especially in Tiko district. Some of the reasons as reported by
participants was the way health providers manage their medical
information with respect to their privacy. However, some women
shop around not because of privacy, but as a way to get money
from their husbands and sometimes cost of the services.
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Table 5. Individual distribution of respondents for interviews and FGD by
district involving their demographics characteristics

Participants District Age Gender Profession
FGD CHW
CHW Akonolinga 40 Female CHW
CHW Akonolinga 41 Male CHW
CHW Akonolinga 24 Male CHW
CHW Akonolinga 42 Female CHW
CHW Akonolinga 33 Female CHW
CHW Akonolinga 23 Male CHW
CHW Akonolinga 21 Female CHW
CHW Akonolinga 50 Male CHW
CHW Akonolinga 32 Female CHW
CHW Ayos 42 Male CHW
CHW Ayos 28 Male CHW
CHW Ayos 51 Male CHW
CHW Ayos 50 Male CHW
CHW Ayos 54 Male CHW
CHW Ayos 65 Female CHW
CHW Ayos 46 Male CHW
CHW Tiko 52 Male CHW
CHW Tiko 58 Female CHW
CHW Tiko 54 Female CHW
CHW Tiko 42 Female CHW
CHW Tiko 45 Female CHW
CHW Tiko 38 Female CHW
CHW Tiko 34 Female CHW
CHW Tiko 40 Female CHW
CHW Bangem 32 Female CHW
CHW Bangem 35 Female CHW
CHW Bangem 41 Female CHW
CHW Bangem 44 Male CHW
CHW Bangem 36 Male CHW
Interviews
HCP Akonolinga 34 Female Doctor
HCP Akonolinga 48 Female Nurse
HCP Akonolinga 39 Female Nurse
HCP Akonolinga 29 Male Doctor
HCP Akonolinga 40 Female Nurse
HCP Ayos 31 Female Nurse
HCP Ayos 34 Male Doctor
HCP Ayos 36 Male Nurse
HCP Ayos 53 Female Nurse
HCP Ayos 50 Female Nurse
HCP Ayos 49 Female Nurse
HCP Tiko 21 Female Midwife
HCP Tiko 29 Female Nurse
HCP Tiko 37 Female Midwife
HCP Tiko 31 Female Midwife
HCP Tiko 32 Female Midwife
HCP Tiko 29 Female Midwife
HCP Tiko 36 Male Nurse
HCP Tiko 34 Female Midwfe
HCP Tiko 33 Female Midwife
HCP Bangem 29 Male Doctor
HCP Bangem 48 Female Midwfie
HCP Bangem 40 Female Midwife
HCP Bangem 38 Female Midwife
HCP Bangem 33 Female Nurse
‘To emphasize this problem, if this project was there and you took issue. Because we can easily program the facilities for the project, and
a sample of the women, you would notice that most of them are they don’t use it because of this privacy problem’ [FGD CHW, Tiko].

elsewhere. I've walked around the whole district; no one goes to facility
XX. That’s the biggest issue, privacy. There’s no privacy there. As this ‘Regarding privacy, I have a lady who told me that she confronted a
project has come, we need to train the technicians, I think that’s the key nurse at the lab reception. I was angry, I told her that she was making
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Figure 6. Distribution of respondents involved in the interviews and FGD
distributed by district

people consult at private facilities instead of running this one. So I
talked to her, and she said she had heard what I said. Once I heard
that, I told her. She asked whether worked at the lab, and I said yes,
that’s why I decided to meet you. She was just quiet. So this happens’
[FGD Men Tiko].

‘In my area, the women I have met tell me that if they go nearby, their
husbands won’t give them money, so they find a way to get money
from their husbands’ [FGD CHW Tiko].

Cultural aspects

Participants noted some cultural factors that cause delays espe-
ciallyin the French districts. Women do not attend ANC and would
prefer to give birth at home mostly because of their husband’s
decision. This was noted amongst Muslim.

‘T somehow assisted my Muslim neighbor. The woman got pregnant,
until she gave birth, to see a doctor, nothing. They refused and followed
traditional ways. When the woman was in labor, they called their old
woman (traditional birth attendant) to help her give birth. She spent
2 days in labour and was getting tired. Luckily, we called a doctor that
was close by to help the woman give birth. When the doctor finally
helps deliver the child, the doctor asked them to bring the mother and
the child to the hospital for other treatment. The doctor even came
with a car so I can take the mother and the child to the hospital, the
father refused. Even drugs that was prescribed the father didn’t buy.’
[Ayos/Akonolinga FGD men].

“Yes. I know someone, he lives with a girl and every time the girl is
pregnant, he prefers to go to someone that deals with herbs. At times
he knows many more issue during deliver. Maybe the woman is in
labor “[Ayos FGD men)].

Some of the men thought that the reminder messages to be
generated for women should also be sent to their phones. They
believed that some women do not keep track of details and may
have limited understanding. While some believed that women are
sometimes negligent.

‘of course, I would be interested. Because I'm thinking to myself, if
they only send the messages to the woman and as an example, those
who are not always at home, you will not know these messages and
sometimes the woman may come back and tell you the message she
received, and she may have not understood which means she has
not shared all the information. It’s important that I too receive the
message’. [FGD men Akonolinga/Tiko].

‘it’s very important because at times the woman is negligent, and you
need to keep her updated to put some pressure’. [FGD men Akonolinga].

Phase II: Identifying and reaching the facility

Actual accessibility.. Participants reported challenges in access-
ing ANC and health facilities during pregnancy, including issues
related to distance, cost upon arrival at the health facilities, some-
times cost exceeds expectations and they are forced to go back
home without actual treatment or services. They will wait until
they have enough money to get the service. They also mentioned
poor roads and travel time which sometimes affect them upon
arrival at the health facility.

Distance.. Participants reported distance as a barrier in accessing
health facilities. They walk reasonable distances. This is illus-
trated in the survey where most of the participant’s mode of
transportation is walking or using a bike as they do not have good
roads and sometime getting a bike is also not easy coupled with
bad roads during rainy seasons.

‘Distance and cost are my main reasons. [ have a farm, so I go there to
cultivate, and work. Where I am, is in a suburban area, I don’t have a
lot of money and we mainly do agriculture there, so I farm to sustain
my family. where I am finances, cultural activities, everything disturbs
us because we are in the suburbs’ [FGD Ayos Women)].

Cost.. Participants reported cost as a major barrier especially
as they have to pay out-of-pocket and sometimes some health
facilities will prioritize payment over the services. Sometimes the
actual cost will exceed their budget and they have to postpone the
service for a later time.

‘For example, financial issues are the problem. I came here twice just
for lectures and went back home. I don’t have money, since the distance
is not too far, I walk to attend the lecture and go back without doing
lab tests’ [FGD Women Akonolinga & Tiko].

‘We are in an area where there is poverty, so families don’t always
have money to pay, even for delivery kit that costs 6000cfa. So, there
is that concern’ [FGD Akonolinga].

Transportation.. The most used mode of transportation in all four
districts is walking and/or the use of motor bikes. Participants
reported the difficulty when they are pregnant in using the bike
and sometimes it is not easy to get the bike to certain remote
areas.

‘Also, transport means, sometimes, bikes are not easy for pregnant
women so we wait until the delivery day arrives since we cannot give
birth at home. We find ourselves with all difficulties’ [FGD Women
Ayos/Bangem].

Phase III delays: receiving adequate and appropriate
treatment

Quality of care.. Some participants reported dissatisfaction with
the way some services are rendered to PW, concerns about inad-
equate patient care and negative attitudes from some health
care providers and how the facilities are not taking good care
of patients and focus more on money and the attitude of some
health providers.

‘Everywhere we went they were “shouting” at her saying things like
“at your age youre pregnant” I thought they just do your job and go.
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Distribution of respondents by Districts and Respondents' Categories
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I can assure you if my daughter wasn’t with me, she would have left revealing instances of criticism and harsh words that undermine

and had an abortion. The reception at our hospitals is poor. Rejection the dignity of PW.
is more common than it was at home and once she leaves the facility

she begins to wonder otherwise “What am I doing with this” It’s not
easy at our hospitals, my mother is a retired midwife during that time
it was different, because she refused abortion cases. When you come
to tell them “ I want to...” ‘they will say go away! they respond “
Economically it”s not easy’ [FGD men Akonolinga].

“Also, when my child was ill, I took her to the clinic, they prescribed
some drugs. When I got home my husband realized the drug they
prescribed was not for his age. So, we took it back to the clinic, they
apologized. If we gave it to that child, something bad would have
happened”. [Tiko FGD Women)].

“My sister in-law went to one clinic when she was pregnant. She took
one drug they prescribed; she lost her child. It was only after that they
discovered they gave her the wrong drug” [Tiko FGD Women)].

We start asking for directions on where to go because hospitals no
longer take care of the sick the way they used to. If we look at the way
our mothers were, things worked very well, and they were also taking
care of them. We see how things unfold in the hospitals; people are
suffering. Even when the woman goes to the hospital for her visits,
what they ask for, firstly, is money after taking care of the woman.
When this woman doesn’t have, maybe she comes from the village
and may not even have anywhere to sleep or what to eat. Maybe a
woman is about to give birth and they say she has a lack of blood, but
there are bags of blood because she doesn’t have money for blood bags,
they delay, and the woman dies” [FGD men Akonolinga].

Unavailability of equipment.. Providers reported the lack of
equipment and tools to facilitate their work especially in rural
settings. However, men were more particular about the way health
facilities manage the provision of blood in the blood banks. The

Inadequate management.. The participants describe situations men are curious to understand why they will donate blood freely
where the prioritization of financial considerations over timely to the blood bank and yet, if a woman needs a blood transfusion
interventions can lead to adverse outcomes for PW. Additionally, the health facility will ask the woman to pay for the same blood

disrespectful treatment within healthcare facilities is highlighted, that was donated freely. This was cited by the men during the
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discussion as an incident that occurred couple of weeks before
the FGD. According to the men, the woman died due to delay in
receiving appropriate care related to blood transfusion.

“They publish everywhere that blood bags are available, I donate blood.
I do the calculation on what they give us, it’s about 5000cfa, but to
give that blood to someone who needs it, they refuse. (frustrated).
Do you see where we are going? Because of the ones that came to
donate freely, they gave him 5000cfa. Transmit it to give someone
life!! They say ‘If you don’t have money, we cannot give you. Is
it normal!!? The child survived but the mother died”. [FGD Men
Akonolinga].

Perception of health providers and participants in using a
digital platform to deliver care during pregnancy. Looking
at the delays highlighted by participants, we further probed
to explore what they think about using a digital platform to
support care during pregnancy in their community. Participants
listed advantages that they believed digital platforms such as
BornFyne-PNMS would help address some of the challenges
that they are facing. These items are described in Table 7 and
grouped into themes and sub themes. Interestingly, the providers
and community saw the importance from a similar perspective,
while the community reported the aspect of reducing cost
in commuting and saving time and emergency providers also
reported aspects of emergency facilitating referrals, saving time
and improving efficiency and the quality of care. This is detailed
in Table 7.

With the advent of WhatsApp and mobile phones, some
women and HCPs reported that they have been using WhatsApp
to communicate with their patient. Thus, providers and commu-
nity saw the BornFyne-PNMS project timely to them because they
have been engaging with WhatsApp which indicates the need to
connect through a digital platform.

Potential challenges reported by participants in using
digital platforms in their community and considerations for
the design and implementation of the BornFyne-PNMS

Women had interesting questions about using the computer to
store their records during ANC. Though they saw it as good in
terms of other aspects listed above in Tables 6 and 7, they also
had their worries, living in a rural setting and having constant
electricity they asked a few questions related to their contextual
challenges and they needed some clarifications. These challenges
and considerations are also described in detail elsewhere [26].

‘It’'s a good thing but at times when working with computers or
electronic systems, data can disappear and if we don’t have hospital
books how can we retrieve all that information?” [Women Akonolin-
ga/Ayos FGD].

‘And at times your partner wants to see that book to confirm whether
you are really going to the hospital. Because some provide money
for you to attend these visits. We can’t completely remove the books
because when we put data in the machine, there are viruses that can
corrupt data’ [Women Akonolinga FGD].

‘The problem now is, do all women in our centre come from areas
covered by network? This remains the major challenge that I think
needs to be checked’ [FGD Men Ayos, Bangem].

Applying the characteristics of the three delays from
participants within the context of the BornFyne-PNMS
features. A working theory of change

Phase I.. According to the framework, phase 1 delay which is
considered deciding to seek care on the part of the individual or
family in this context, the pregnant woman in question and or
the household is characterized or influenced by socio-economic
and cultural factors such as financial and opportunity cost, lack
of access to information, women status, previous experience with
the health care system, education, culture, recognition of an emer-
gency, gender inequality, actors involved in decision-making and
perceived quality of care [19]. In the context of developing the dig-
ital platform, the six graphical features on the user interface were
informed by factors related to this delay phase. In addition, taking
into consideration a typical scenario of a pregnant woman in a
remote rural area who is nonliterate and has financial difficulties,
using pictographs some barriers are eliminated as the woman
who is unable to read or write can easily interpret pictographs
in various context meaning. The use of a continuous educational
platform where a woman can listen to educational messages
helps to break social barriers and communication, the use of
local dialects in communicating the messages is an important
cultural attribute that brings a sense of belonging and community
engagement and easy understanding and acceptance and the
use of offline features will provide access on a continuous basis.
A woman in need of services with limited finances can acti-
vate the system to get information from health providers which
reduces commuting time and cost associated with commuting
[see Table 8].

Phase II: delay in identifying and reaching medical facil-
ities.. This is categorized under actual accessibility of facilities
with reasons of physical accessibility, e.g. distance, distribution
of facilities, travel time from home to the facility, cost of trans-
portation and lack of or poor road infrastructures [19]. The use of
the digital platform to connect PW and household to their health
facility and/or doctors helps to reduce some of the barriers in
waiting time and access to facilities in real time, and also help
alert providers during an emergency. Most importantly, reducing
commuting time may potentially help save cost for regular travel
to health facilities for services that can be managed over the
phone through teleconsultation. Establishing a transportation
network of local community transporters and using a transporter
application to facilitate emergencies can help reduce delays dur-
ing emergencies (see Fig. 1).

PhaseIII: delay in receiving adequate and appropriate treat-
ment due to a shortage of staff, electricity, water, medical
supplies, inadequate referral system, incompetent person-
nel, lack of equipment and trained personnel.. This delay
is critical and requires a system approach which takes into con-
sideration the individual from the household. This does not only
require the digital platform but also other aspects of the health
system [19].

The use of an emergency feature provides a timely notifi-
cation of emergency services and gets the health facility and
health provider prepared beforehand. Despite limited staff, when
a provider is aware of an emergency with notification and can



19

Nkangu et al.

(panunuo))

SBaIE [BINI Ul USUIOM SO
103 sauoydireuss jo AyT[iqe[reaeun

UOT B} [NSU0DI[}
uo aduer(a1 jo [epid oy

proae 03 sudis 193uep SulkJruapl
UO UOTIEONPS SNONUNUOD

sauoyd

Te[N321 03 93B12A00 pURdXD

03 satuedwod UOTEDTUNIUIODS]S}
3ursn IsLLreq a3eI19A0D

pue £1aa0d jo ssrnbaut sonpsy
‘23e19n00 uoyd MBWS YIM
sansst A3inba pue 1ndo0 [0S Aewt
S8US[[BYD [BIDUBUL [ENIUSIO]

SUOT}EDTUNWIWIOD[3}
31m 93e3Ud 0} PIaN "USUIOM

1[ 03 N0 YdoBa1 JOU ABW 210J313Y}
pue ssuoydirews 10 sauoyd
ar1qow ssassod UswoMm [[e JON

£oeaud paatediad pue
20USPIJUOD 3SEIIDUL DNV SULNp
SJUSUIIEAT} 19YJ0 PUE ‘DIED
[B1BUSIUE 0} USWOM JO 0USIDYPE
pue aduendwod sroxdw]
syurerduuod 11odal pue SINI[IOE]
U3}[eay pue 2OUBISIP B WO1J
s12p1r01d SS200€ UBD USWIOM
[B119]31 91B}I[IDE] ‘SIUSPIOUL
JOUTW 10§ UOT}B}[NSU0I[3}
ydnoiyy uoneyrodsuery

JO 3S0D 33 SIdNPaI pue

SWIT} S9ABS ‘SUNWIUWIOD S30NPal
wurojierd [e381p € jo asn oy,

150D 2ABS pue
S9NSSI 10UTW 10 W SUNNWUIOD
20npal pue sagessaul [BUOIBINDS
y3noIy3 siatiieq [BID0S 3oNpal
‘wey} 1omoduls pUB USWOM
1oddns 03 wiiojied [BUOTIBINPS
SNONUIIUOD B S2IN3EJ 3UI[JJO
suonedduwod Jo uonTu303a1

oy Iepury Aew 1By} 1030€] B

S€ 150D uoryeIodsuer) 3unedniu
JO [enJU}0J "SUSTS 193Uep
9z1u800a1 pue suoneddwod uo
SPIOYSSNOY PUE USWIOM 3}BINPS
saInjesj aUI[JJO Tetp 03 Surpeal
10 sIaquinu Suterp AJLIessadsu
JNOYIIM SIINIESJ IBAT}OE DUE
steudis pue sorydeid 1o1drsyut
Uued peal 0} S[qBUN USWOM

UOTIBDTUNWIWIOD
pasoxdull ‘UOTIUSAISIUL

1dwoad ‘se8essown
I9pUIWAI PIZI[BUOSId]

aurjjo a1erado 01 padoaaap
wshs dde 1s110dsuen

pue 1apraoid/susned Jo
WISIUBYDSW AeMm-3911]} ‘SIS
1dwoid ‘armies; Aousdiawig

sydword pue sagessoux
I9puIwal ‘SanIIoe] Yijeay
0} P9309UU0D ‘SIOJTEIP [BIO]
ut sadessawt ‘sauoyd s[iqour
‘syder30101d Jo asn Y],

103[eIp [e20] ‘suntojrerd
[EUOT}EONPS SNONUTIU0D
‘syderdo3oid jo asn ayL,

UOTBDTUNWIWIOD
pasoidull ‘UOTIUSAISIUL

1dwoad ‘sa8essown
I9PUIWAI PIZI[BUOSId]

woshs 1o1todsueny

pue 1apraoid/ausned Jo
WISIUBYDSW ABM-3911]} ‘SHISTR
1dwoid ‘armies; Aousdiawig

sydword pue sadessoux
I9puIwal ‘SanI[Ioe] Yijeay
0} P2109UU0D ‘SIDJTEIP [BIO]
ut sadessawt ‘sauoyd s[iqour
‘syder30101d Jo asn 9y,

103[eIp [€20] ‘suntojierd
[EUOT}EONPS SNONUTIU0D
‘syderdoioid jo asn ayL,

‘

Ay1TRIUSPIIUOD

pue “£oeaud ‘sapninie jjels
‘SJa1[eq [BD0] YA JUSISISUOD
‘9ouanadxa snotaid

1500 £ytunyzoddo

1930 ‘}S0D UOT}BIIpPaW
‘s99] A311108] ‘UonIRIIOdSURT)
150D ‘SUOnIPUOD

peol pUE [BUOSE3S
‘uonerrodsuer) ‘90ueISIq

SNJE]S [BUOTIBONDS
‘SN1B1S DTUIOU0D3 AII[IqOoUL
Pa101I}SI ‘A9UOU 0} SSIDDY

f11oass paatedIad
suonedIduwod jJo uontud0odsy

a1eDd JO
Ktrenb paatediag

Ay111qissanoe
paATedIad

UBWIOM
93 Jo snieis

$10}0€J TRININD
S10308] SSAUT[] OTWOU0D3-0100S
a1ed 399s 03 Surpap :] aseyd

SINNd-2ufjuiog

Jo uonejuswadwit 9y}

Ul SUOTBIDPISUOD pue gHJ WOy
pawLIojur sa3us|[eyd [enualod

D4 UO paskeq JUSWpUSWE
pue saxmesj jo uonduwsaq

0°C UoISIaA

SINNd-2ufjuiog
Ul S91N}edJ UONUIAISU]

0°T UoIsIsA
SINNd-2ufjuiog
UIYILM S9INJED] UOTIUSAISIU]

sano3a1edqns

sauo3a1eD saway L,

wa1sAs Juswadeurw [e1eUSId QUAJIUIOG 93 UM [SPOW SAR[OP 9913 oY} JO SIUSUISTS SUISSAIPPY ‘8 d[qelL



Oxford Open Digital Health, 2024, Vol. 2, No. 1

20

(penunuop)

UOTIBATIOUI 10 P93U B PUE SOTYID
S1oMm 33URYD 0} SSAUSUT[IMUN

P31s23 9q 03 [I}S [Spot
ssautsnq SINNJ-aukquiog ay3 jo
uerd £1iqeureIsns [erueUly 9y}

uo paseq uawom 1ood 1roddns

0} renjusiod sy} sey ULIojie[d
uonelrodsuer) 31e3oe] 0}
IDLIISIP YOBS UL JI0MISU DNOWT
S, HJOW SUTISIXa Y31/ UOTID3UUOD
JI0MISN ‘pUE WISAs Jrodsuen
[e207] SUnSIXa YIIM UOTIDIUUOD
1omIaU ysiqelsa/Aousdiawa
Suunp syusnyed prodsuer) o3

s1ed Aouadiauws Jo A[Iqe[resrun)
UOT EDTUNWIWIOD[3}

U3 31D3UUOD 0}

D99U ‘Seale [BINI UT USWIOM JSOW
105 sauoydirews Jo A[Iqe[resrun)

U0 BDTUNWIUIOD[3}
U3 933U 03 pasN seoeld
Sj0wa1 A19A SWIOS UT UOTIDUUOD
19UIS)UT JO AJI[IGETRABUN

UOT}USAIIUL A[oWIn}

pue Apres Koueudaid ysu-y3iy jo
UOTIEDITIBIIS PUE ‘UOT}BIJTIUSPT
quawsAcIduIl UOTIBITUNTITIOD
‘S1SOUSeIp PUE UOTSIDAP [BTUTD
uLojur 03 sj003 ‘pre 1roddns
UOISIDaP JO 3sn a3 uo uturely,

S9DTAISS I9Y3}0 10]
s99] A1[10€] puE uoneodsuen}
10§ ASUOW dABS 0} SPIOYasNOY
pue uswom 10 [enuajod sey
S9NSST J0UTW UO UOT}BINSUOIS[AL,
uonepodsuen

91B}1[IDE] O3 IDLIISIP Yoed

UI I0MI2U DNOWT SUNSIXD YIm
UOTIDUUOD JIoMmIdN Adusdiswa
Suunp sjyusnred passansip

0} 91e31ABU 0} SUI[JJO S[qISSIE
uonedtidde 1a110dsueny

B 3apnpoul 0} papuedxg
Aousdiawa

3ULIMp JUSUISAOWI 9OUBYUS O}
aurqjjo uonesridde 1s110dsuer) jo
9SN ‘UI9ISAS DATIORISIUT ABM-0OM],

SSIADE pIE 1S11J
Jo uoisiaoid pue S}USPIOUT JOUTUL

10§ suonejnsuod o123 ut day
T[4 W91SAS SINNJ 9U3 JO 9sn 3y,

UOTIUSAISIUL
Apwn pue Apres Koueudaxd
JSU-YS1Y JO UOT}BIIJIIBI}S PUE
‘uonEdNULPT ‘JuswaA0Id U
UOT}EDTUNWIUIOD

‘S1souSerp pue UOTSIDaP
[B21UID ULIOJUT 0} S[00}

‘pre 11oddns UOISIdLP JO IS

(s901A135 19130 01 P3IDRIIP 3q
0} 3utaes [BIUS}0d-19UDNOA-D
0JUT SULIOJSUEI}

sukjuiog ‘SI9UdNOA

1aded st 2193 a19ym)

150D UOT}BZI[I}N SJIAIDS
1oddns ued uoneyrodsuerny
JO 380D W01} S3UALS [B}US}0]

WISTUBYDIW
Kem-s213 Aousdiawiy
‘uonelNsuod9[a} 1oddns 03
WDISAS SATIORINUI Aem-0Mm],
WISTUBYDIW

Kem-s213 Aousdiawiy
‘uonelNsuod9a} 1oddns 03
WDISAS SATIORINUI Aem-0Mm],
UOT E}NSU0DI[}

apumoid sdiay

uonedtidde spiqowt sy} 0}
P3103UU0D (SINNJ) 20BJISIUL
DPaseq-qam € Jo asn Y,

ururern} pue pie

110ddns uotsap e se Jva
OH/M sauraping duneidsiut
‘su1are ‘sydwod Jo asn

SI9YdNOoA
OTUOIID3[d OJUT SISYDNOA
1aded suiIojsuer} WIojerd

uonedtidde 1a110dsueny
pUE UOT}BI[NSU0IS[] JO 3S()

WISTUBYDIW
Kem-9313 o3 pue

a1n3ea) AousdIawa Jo asn)
UOT}E}[NSU0DI[}

apumoid sdiay

uonedtidde spiqowt sy} 0}
P3103UU0d (SINNJ) 20BJISIUL
DPaseq-qam € Jo asn YL,

Puuosiad jo
souadwiod ‘sIaquinu jjels

SOL[IOR)
paj3eIS AJ1004

a1ed JO
£renb tenjoy

jusunean; aendoidde pue syenbape Suiaredal (I aseyd

Lyoeg
yireay 1e Aed 03 L1iqe
10 uone12adXa SPeadXa 150D

J1odsueny
orqnd jo Ariqerresy

JIsueI}
UT SSUIOJINO ‘SWIT) [SARI],

SONI[DE] UY3[esy
JO UOTMEDO[ JO UOHINGLISI

150D

uoneyodsuel],

souelsiq

figrssanoe
[en1ov

farroey oy Suryoear pue Surkynuapt Iy aseyd

SINNd-2ufjuiog

Jo uonejuswadwir 3y}

Ul SUONEBISPISUOD pue dHJ woij
pawLIojur sa3us|[eyd [enualod

@d4d uo paseq JusSWpuUsUIeR
pue sainjeaj jo uondrLsag

0°C uoISIaA

SINNd-2ufjuiog
Ul S91N1edJ UONUSAISIU]

0'T UOISISA

SINNd-2ufjuiog
UIYIM S9INJES] UOTIUSAISIU]

sarto3arenqns

saLto3aren SOWIAY L,

psnunuoy ‘g dqeL



21

Nkangu et al.

[0z] 19powt sAefap-2a1y) 93} WIOLJ SILI0391ED PUER SIUWD],

aureping jo axeidn pue Ayoeded
paUuTeIsSnS B P[Inq 03 YATeaH JT[qnd
Jo Anstuyn yim drysiauiied pue
samo170d [EUOTIEU ITM JUSWUSIE
pue Sururer) sNonuRuoD soIY3Id
S1om 93UBYD 03 SSaUSUI[[IMUN

uutojierd [e33Ip Jo asn pue
U3[e9Y [BUISIRUI 10] 1€ [ewndo
19A19p 03 A1ddns 1omod jueIsuoD

UOT}BUWLIOJSUBI) [P

110ddns 01 s19pes] pue SaNIOE]
yireay jo Lyoeded pring ‘Surureny
193d 01-192d ‘s1opraoid jo Sururelr,
SaAT]

9ABS puUe a1ed Jo Ajrjenb aaoxdwur
0} BJED S[qEUONOE PUE 3[qel[al
9)eI9USS ‘SaUIEPINS [BIIUID

0} 2oua1aype d[ay pue Spiodal
juaned 191us 03 s1a3nduiod jo
asn a3 axnbaz sanoe] Yi[eaH

SIOLIS SZIWIUTUL
pUE JBULIOJ S[QISSAIDE UB

ut spre qof Yy ‘saurspms
2omoeId [eDTUTD 0} SDUAISYPE
anoxduwit 0} SINNJ-aukjuiog
0]UT 2IBD [B1RUSIUE

105 saurepingd uoneidepe
1e181p OHM Suneidanug

Sun{ew UOISIDAP DUBYUD

03 100} 110ddns uoIsap

B SB SINNJ 3ut][eisur pue
suwe1sAs 1e1ndwiod Surpeiddn

SauI[EPING [B}RUIUE
Pasnooj-OHM Sunerdsiul

£1ddns 1amod

a1qerRiun Juswidurod

0} SW}SAS 1e]0S ‘S1931BUD
1e70S ‘s1anduiod jo asn

1BULIOJ 9]QISSa00E
ut spre qol ‘ssur[epms
[eawuI jo Ajiqereae
‘SaUIaPING [EDTUTD

0} 9duaIaype 100d ‘UoOnOE
pUE SISOUSeIp 1091100U]

juswdmba jo L1iqeirearun

JUS WSS RUBW
a1enbapeu]

SanI(oe)
paddinbs £1004

SINNd-duhjurog

Jo uonejuswaduir Sy}

Ul SUONeISPISUOd pue 0oHj woij
pauLIojur sa3us|[eyd [enualod

adJ uo paseq JusSWpuUSWIE
pue sainjesj jo uondrLsag

0°Z UOISIaA
SINNd-dufjuiog
Ul S9IN}EB3J UOHUSALSIUL

0'T UOISIdA

SINNd-dufjuiog
UIYIIM S9INJEd) UOHUSAISIU]

sarto3a1eoqns

saLto3a1en EEIGEL RS

panunuoy °g a[qelL



22 | Oxford Open Digital Health, 2024, Vol. 2, No. 1

assess the patient history in one shot, it helps to facilitate referrals
and address some of the delays. Also, having patient record in
digital format during ANC facilitates referral and improves quality
of care. Connecting to local transportation and existing emer-
gency networks through the emergency feature especially in rural
areas are important ways to reduce delays and connect women
and households to local transport networks during emergencies
to save lives. Ensuring access to emergency transport services
can be crucial for PW who need to reach healthcare facilities
quickly.

Integrating the WHO DAK elements for ANC as a standard
guideline enhances the quality of data collection and provides a
foundation for informed and timely decision-making. This leads
to adherence to clinical protocol ensures that the care provide
aligns with recognized standards, enhances clinical skills and
capacity and efficiency, and thus, improves on their overall per-
formance. By leveraging the DAK guidelines, the platform and
health system not only adopts best practices but also streamlines
processes to more effective and standardized ANC thus reducing
some of the delays in access.

Additional modifications from lessons learnt that were incor-
porated from user’s feedback included the need to develop an
offline mobile application for health providers to enter patient
records in the absence of the internet and the need to develop an
offline transporter application embedded within the emergency
module.

DISCUSSIONS

Participants highlighted various delays in accessing care,
including cost, transportation, quality of care, distance and digital
health has the potential to address maternal mortality issues,
particularly in addressing delays in accessing and receiving
care in rural settings. Participants highlighted cost and distance
as significant factors for Phases I and II delays in accessing
care. Additionally, participants reported crucial phase III delays
attributed to cost and the quality of care, particularly concerning
the availability of essential equipment. In a FGD with men, a
tragic incident was recounted where such delays resulted in the
death of a woman. Many respondents expressed confidence in the
potential of digital platforms to streamline access to healthcare,
especially in emergencies. While certain delays, like the provision
of blood transfusions, may not be fully addressed by digital
platforms, they can still contribute to timely interventions, cost
reduction for specific treatments, enabling access to alternative
treatments, accurate outcome documentation and data gener-
ation for informed interventions and policies. Resolving these
delays necessitates a comprehensive approach, encompassing
improvements in transportation, heightened awareness and the
implementation of policies aimed at enhancing the affordability
and accessibility of healthcare (table 8). As maternal mortality
continues to be a significant public health issue with 95% of
maternal deaths occurring in SSA [38-40], achieving a significant
reduction in maternal mortality requires universal access to
life-saving interventions, complemented by comprehensive
emergency care and overall enhancements in the quality of
maternal health care [38-40].

Survey data reveals a predominant interest of using digital
platform to connect to health facilities, receive reminder mes-
sages and overall interest of using digital platform during emer-
gency, with marked district-specific variations in the possession of
mobile phones and network availability. The FGDs, in turn, shed
light on the complexity of the delays on accessing care, partic-

ularly emphasizing the challenges faced by women in accessing
and receiving care, and the use of digital platform, cut through
both survey responses and FGDs, underscoring a shared recog-
nition of the advantages of using digital platform to facilitate
access and utilization of maternal health services especially dur-
ing emergency.

Our focus in rural areas using a community approach aims
to target some of these challenges in rural settings where health
facilities are usually distances away and sometimes no motorable
roads to reach health facilities requires reasonable walking dis-
tances; thus, respondents believed that digital health would be
more appealing for women in such areas given that they can
do teleconsultation and reduce commuting to health facilities
for very minor issues and save cost. The BornFyne-PNMS is tai-
lored for rural settings, acknowledging challenges such as limited
network connectivity and the prevalence of non-android phones
among women or households. While these challenges persist,
the initiative aims to address them incrementally. Collaboration
with telecommunications companies, facilitated by the Ministry
of Public Health, is underway to explore how the BornFyne-
PNMS can be refined to facilitate the extension of coverage to
households using regular phones without android phones. Also,
BornFyne-PNMS U2 interface serves as an electronic health sys-
tem for RMNCAH for district health systems complimenting and
interoperable with the dhis2 [26, 41]. The use of the WHO DAK
guidelines integrating it into the BornFyne ANC feature is an
added value to the platform in supporting adherence to clinical
practice and generating complete and actionable data to support
other programs, e.g. malaria in pregnancy, HIV treatment adher-
ence in pregnancy etc.

Participants highlighted the potential of mobile phones not
only as communication devices but also as tools for improving
healthcare access and health outcomes in resource-constrained
and rural settings, especially during emergencies. Participants
stressed the importance of connecting to health facilities or to
a provider, noting instances when they lacked funds for care,
but had data on their phones. This suggests users can alert
health facilities during emergencies or distress without financial
access. Such insights shape the ongoing development of BornFyne,
including collaboration with telecommunication companies to
ensure seamless use of the emergency feature by women and
households. This connection has also facilitated collaboration
between BornFyne and the existing EmONC services, exploring
ways to integrate the existing EmONC network with the emer-
gency feature for enhanced remote access and communication
during emergencies.

The use of graphics seems appealing to the participants as
they can easily interpret the graphics. It should be noted that
these graphics were reviewed by women in the first phase and the
emergency feature was refined. In this phase, there were no issues
with interpretation. Participants responses implied the use of
visual communication icons and visual cues are powerful means
of communication, transcending language and literacy barriers
especially in context where not all users can read [42, 43]. In
addition, pictographs carry cultural and contextual meaning that
may be understood by a wide range of users, regardless of literacy
levels. Literate users can benefit from reading the information,
while nonliterate users can rely on graphical comprehension.
Overall, combining text and pictographs in the BornFyne-PNMS
platform acknowledges the diverse literate levels and commu-
nication preferences of the target population. This can enhance
the accessibility, usability and effectiveness of the BornFyne-
PNMS platform in delivering essential health information and



services. Thus, involving users in the design and testing process
to ensure that the graphics are easily understood and culturally
appropriate.

Overall, the recognition of the advantages of using digital
platforms from the perspective of the community and provider
underscore the potential of digital platforms to address some
of the challenges and delays in accessing care during pregnancy.
This can contribute to more accessible, cost-effective and efficient
prenatal care services, ultimately improving maternal health
outcomes in the community. In addition, men were more
particular about the use of digital platform as an educational
platform to enhance knowledge for adolescent given the high rate
of pregnancy (Table 6). As we continue to engage stakeholders in
the design and implementation of the BornFyne-PNMS platform
to ensure the platform meets, the specific needs and expectations
of the community and health providers alike, we have described
in detail the important role of engaging stakeholder and
the processes employed for the BornFyne-PNMS in another
publication [26, 43].

The BornFyne PNMS platform is still under development, and
the team is working to get a simple and comprehensive plat-
form. In addition, the team is working with the health man-
agement information system in Cameroon to ensure interoper-
ability with national health information systems. Thus, as next
steps, the BornFyne team is working towards completing the
integration of the WHO DAK elements, developing the interop-
erability layers and working with telecommunication companies
through the Ministry of Public Health to expand access to the
application on regular phones. The BornFyne team has engaged
with the WHO digital health unit for feedback, and the Born-
Fyne team is working closely with the Ministry of Public Health
in Cameroon to realize the vision towards addressing maternal
mortality.

STRENGTH AND LIMITATION

The study employed a participatory action research approach and
engaged a variety of stakeholders ranging from men and women
and decision-makers. The study uses a framework and real-world
scenarios toidentify subtle delays that reflect contextual realities.
The study engaged participants from both French and English
districts, including health providers from public, private and con-
fessional health facilities. The study uses multiple approaches
in collecting data. Using the three-delays model is essential to
comprehend the obstacles that women encounter in accessing
maternal healthcare and establish effective interventions that
can decrease maternal mortality rates. There are potential lim-
itations in the survey responses due to reporting bias and the
selection of household respondents. The digital platform has
limitations in addressing some of the third delays (which requires
a more system approach) but provides a comprehensive picture
of possible delays. The assumptions are based on data collected
during the project and the context of the study which are yet to
be tested and may not apply to another context. The BornFyne-
PNMS is still under development and certain features may be
modified. It should be noted that this paper does not describe
the detail of each feature of BornFyne and its functionality. These
are described in another papers. Each feature is described in
detail in subsequent papers, and the stakeholder engagement
process is described in other publications [26, 43] including the
development process of integrating the WHO DAK for ANC (which
is also described separately in a subsequent paper). This paper
only provides an overall summary of the features and process
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of development. In addition, Table 7 does not comprehensively
describe all the functionalities aligning to each phase of delay.
There are other functionalities of the application that are not
listed in detail in the table and the theory of change is a working
document that is updated as required.

CONCLUSION

This study explores challenges in ANC access and introduces
the BornFyne PNMS as a potential solution. The three-delays
model identifies barriers, with a focus on socioeconomic factors,
perceived accessibility and care quality concerns. The BornFyne-
PNMS, featuring teleconsultation and educational platforms,
addresses some of these challenges. The study highlights the need
for context-specific adaptations, provider training and equitable
access. The system’s offline features and integration efforts
aim to mitigate challenges. Successful implementation requires
ongoing refinement based on user feedback and alignment with
community needs.

The BornFyne-PNMS deployment includes community engage-
ment, training and practical skills building of health workers in
the use of digital technologies. The establishment of an emer-
gency transport mechanism for response to emergency cases,
assessment and upgrading of the computer hardware of enrolled
health facilities and support to health system managers to review
and interpret the BornFyne data and interoperability with the
national health management information system. In conclusion,
BornFyne-PNMS offers innovation in maternal care, contingent
on addressing contextual challenges through collaboration and
understanding community dynamics. By addressing the social,
economic and cultural factors that cause delays in accessing
maternal healthcare, we can improve maternal and neonatal
outcomes.
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