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Purpose: The purpose of this NIH-funded protocol is to adapt (Aim 1) and pilot test (Aim 2) an mHealth intervention to improve
maternal and child health in Cameroon. We will adapt the 24/7 University of Alabama at Birmingham Medical Information Service via
Telephone (MIST) provider support system to mMIST (mobile MIST) for peripheral providers who provide healthcare to pregnant and
postpartum women and newborns in Cameroon.
Methods: In Aim 1, we apply qualitative and participatory methods (in-depth interviews and focus groups with key stakeholders) to
inform the adaptation of mMIST for use in Cameroon. We use the sequential phases of the ADAPT-ITT framework to iteratively adapt
mMIST incorporating qualitative findings and tailoring for local contexts. In Aim 2, we test the adapted intervention for feasibility and
acceptability in Ndop, Cameroon.
Results: This study is ongoing at the time that this protocol is published.
Conclusion: The adaptation, refinement, and pilot testing of mMIST will be used to inform a larger-scale stepped wedged cluster
randomized controlled effectiveness trial. If successful, this mHealth intervention could be a powerful tool enabling providers in low-
resource settings to deliver improved pregnancy care, thereby reducing maternal and fetal deaths.
Keywords: pregnancy, mobile applications, mHealth, intervention, maternal health

Introduction
Reducing maternal and perinatal deaths is highlighted in the global millennium and sustainable development goals as
a priority for both high- (HICs) and low-income countries (LICs).1,2 Over 300,000 women die annually from pregnancy-
related complications, and millions more become ill or disabled.3,4 Ninety-nine percent of maternal mortality occurs in
LICs, most in sub-Saharan Africa (SSA), where the average lifetime risk of maternal death is reported to be as high as 1
in 13 in some settings (vs 1 in 4085 in HICs).3–5 Adverse maternal health leads to poor infant outcomes, and 98% of
neonatal deaths globally occur in LICs.5,6 Maternal and child health outcomes represent the largest disparity in health
status between LICs and HICs,3–5 with neonatal deaths accounting for over 50% of infant mortality.7,8

The peripartum period is a critical time when most maternal and perinatal deaths and severe morbidities occur.9–11 As
access to maternity care increases in LICs and more births occur in health facilities, improving the quality of care at these
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facilities is critical to addressing negative maternal and child health outcomes. According to the global strategy12 to
improve peripartum care quality, promising interventions should be scientifically adapted for local contexts and their
implementation rigorously evaluated for effectiveness.13 Evidence-based approaches are vital to support regional scale-
up of interventions and maximize reduction of maternal and perinatal morbidity using limited financial and personnel
resources.14

MIST™ (Medical Information Service via Telephone) has been operational at the University of Alabama at
Birmingham (UAB) since 1969 and was the first provider-to-provider consultation hotline.15–17 MIST was established
in response to the need for health professionals in rural Alabama to have rapid communication with experts at the state’s
only tertiary facility (UAB) to optimize patient care and/or initiate transfers.15–17 The service provides toll-free 24/7
access to UAB faculty experts and clinical specialists within minutes. This simple idea was so successful that demand
and usage of MIST grew from 2413 calls in the 1st year to 11,370 in the 2nd. Currently, over 100,000 calls are received
from providers annually and are recorded for reference and quality improvement. Surveys of users demonstrate high
satisfaction (>95%). While large healthcare centers in the US have been quick to adopt MIST, this expansion has not
occurred in LICs, in part due to structural limitations. The proliferation of mobile infrastructure and mobile phone
personal ownership in LICs presents a timely opportunity to adapt, implement, and evaluate this type of intervention in
LICs that struggle with high rates of maternal and perinatal deaths, warranting an urgent response.13

There has been rapid proliferation of a variety of types of mHealth interventions in both HICs and LICs with some
evidence of effectiveness in improving patient behaviors (eg, clinic visits, illness monitoring, and medication
compliance).13,18,19 A recent review spotlighted four digital health interventions that not only made notable impact on
their intended outcomes but were also adapted multiple times to address new outcomes across new settings
successfully.20 In contrast, a systematic review of mHealth interventions to address maternal, newborn and child health
in LICs (and middle income) found a lack of rigor in assessing impact.21 And, in 2019, the World Health Organization
(WHO) released a set of evidence-based guidelines for digital health, providing recommendations for the use of a mobile
phone technology (as well as implementation consideration).22 Our study builds upon the evidence that mHealth is an
acceptable modality for research in LICs; mHealth interventions work well when scientifically adapted with attention to
rigor and contexts, and addresses three of the WHO’s nine guidelines, namely provider-to-provider telemedicine, health
worker decision support via mobile devices, and provision of training to health workers via mobile devices.12,17,18,20,22

While provider hotlines are in routine use in HICs, there has been insufficient use and evaluation of their effectiveness
in LICs.19,23 In LICs, opportunities for providers to keep abreast of evidence-based information and to have point-of-care
access to actionable information are limited.24 This is supported by prior studies in Cameroon by our group25–37 and
others.38–42 mHealth interventions to promote timely access to evidenced-based information and clinical guidelines, may
improve the quality of care in LICs; however, this hypothesis must be tested in order to ensure rational use of limited
resources. Mobile technology provides an opportunity to overcome longstanding barriers posed by lack of access to fixed
land lines in LICs and increases ability of peripheral or rural providers to access expert providers and electronic point of
care protocols.

Study Setting
The countries with the highest maternal and perinatal mortality ratios and rapidly growing mobile technology infra-
structure are located in SSA.43 Cameroon has a high maternal mortality ratio of 600/100,000 births, and a perinatal
mortality rate of about 50–60/1000 births, among the highest worldwide.8,19,44 Common causes of maternal death
(hemorrhage, eclampsia, sepsis, obstructed labor, preexisting complications) and perinatal death (sepsis, malformations,
fetal growth restriction, preexisting complications) death are similar to those in other LICs and in Alabama.44 Eighty
five percent of pregnant women receive some antenatal care43 and up to 85% of pregnant women have a skilled attendant
at delivery. Cameroon has expanding mobile phone coverage making it an ideal LIC in which to evaluate mMIST to
improve pregnancy outcomes. Mobile subscriptions have risen exponentially over the past decade in Cameroon to over
19.7 million in 2017 (population 23 million, about 85%).43

As in many SSA countries, the Cameroon pregnancy care system is predominantly led by midwives and nurses in
accordance with World Health Organization (WHO) recommendations.25,26,44 The health system in Cameroon is a mix of
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public and private institutions under the oversight of the Ministry of Health. There are ten administrative health regions
which are further divided into districts. Cameroon is classified by the WHO as having a critical shortage of healthcare
personnel and equipment, exacerbated in rural areas (where most of the population reside).45,46

Protocol Objectives
Aim 1 will focus on the adaptation and development of a 24/7 mHealth support system, mMIST, for primary providers of
pregnant women in Cameroon built upon stakeholder feedback and the existing UAB schematics. Aim 2 will test
mMIST’s feasibility and acceptability in the Ndop health district in Cameroon.

Materials and Methods
Ethics Statement
Ethics approval was provided by the Cameroon Baptist Convention Health Board Institutional Review Board, under IRB
study number: IRB2020-49 and the UAB Institutional Review Board under number: IRB-300006254. Informed consent
will be obtained from human study participants, and this protocol is in compliance with all guidelines outlined in the
Declaration of Helsinki.

Community Engagement
We will establish community and stakeholder committees and working groups, with members from both the United
States and Cameroon, to inform all steps of this study. The Local Advisory Committee (LAC) will meet monthly to
provide local perspectives and troubleshoot any arising issues, as needed. The LAC will include 10–12 stakeholders who
will provide insight to all aspects of the mMIST adaptation. An Expert Providers Committee (EPC) will include 12–15
expert clinical providers in Cameroon; all EPC members will be practicing OB/GYNs, pediatricians, nurses, and
midwives. The EPC will be convened about every two months. ATechnology Working Group (TWG) will be established
to provide guidance on the mMIST prototype. The TWG will include US and Cameroon-based technology experts and
will assist the principal investigators to troubleshoot barriers related to infrastructure and prototyping. The TWG will
include no more than 10 members. Feedback from these groups will enhance the rigor, replicability, and scalability of the
adapted mMIST intervention.

Partner in Cameroon
Our key partner, the Cameroon Baptist Convention Health System (CBCHS), is a major healthcare provider responsible
for over 90 health facilities (7 hospitals and 85 health centers) in six of the ten administrative regions of Cameroon.

Formative Qualitative Assessment
The first step in adapting MIST is to conduct interviews and focus groups with key stakeholders to inform the adaptation
of UAB’s MIST to the local context of Cameroon. In order to do so, participants will be recruited from six different
categories: the Ministry of Health, primary providers, currently pregnant women, previously pregnant women, and
mobile service provider leadership. We estimate that in-depth interviews will be conducted with around 12 maternity
providers, 10 previously pregnant women who suffered an adverse outcome, 10 health system administrators and clinical
staff, 8 mobile service providers, and 6 representatives with the Ministry of Health. Three focus groups are planned with
currently pregnant women. Although estimates are presented data collection will continue until the team achieves data
saturation. Qualitative data collection will occur in English and Pidgin English, depending on the preference of the study
participant.

In-depth interviews and focus groups will be audio-recorded using digital recorders; audio files will be uploaded to
a protected UAB server. Audio files will first be transcribed into Microsoft Word by an expert transcriptionist.
Transcribed files in Pidgin will then be translated to American English. Qualitative coding and analysis will be conducted
using a modified Grounded Theory47 approach in which key conceptual domains are inductively derived from the data.
NVivo software will be used for coding and analysis. A preliminary coding scheme will be developed based on the topics
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in the interview guide and relevant literature. The coding scheme will be appended during review based on emerging
themes and topics, resulting in a refined qualitative coding scheme. Transcripts will be re-reviewed for more
detailed, second-level fine coding. Attention to trustworthiness (credibility, dependability and transferability) will be
given though inclusivity of participant invitation, recruitment being conducted by a known an trusted local research team
member, and during data analysis, seeking agreement and consensus of meaning among co-researchers, experts, and
research participants.48 Results will inform the adaptation of MIST to mMIST.

Intervention Adaptation Process
We will use the sequential phases of the ADAPT-ITT framework to iteratively adapt MIST to mMIST to incorporate the
qualitative findings and adapt for local contexts. ADAPT-ITT is a pragmatic 8-step model developed for the adaptation
and tailoring on HIV interventions that has been extended to other areas of research.49 Adaptation is the process of
modifying an intervention without contradicting its core elements or internal logic.20 Attention to culture and contexts
(both inner and outer) of a new environment or group promote relevance and acceptability of interventions.20,49 ADAPT-
ITT phases and tasks for mMIST are listed in Table 1.

System and Pre-Pilot Testing
After a draft of mMIST is developed (technical design in Figure 1), we will share process documents and demonstrate
mMIST to members of our community groups. We will collect verbal feedback using a standardized question set to
assess the quality and acceptability of the adaptation. After evaluating responses, we will make additional refinements to
mMIST to test for feasibility and acceptability.

Feasibility and Acceptability Testing
The goal in conducting a small-scale implementation of mMIST is to refine the adaptation using constructs from Bowen’s
model of feasibility and acceptability, see Table 2, prior to large-scale implementation and evaluation of mMIST.
Feasibility of mMIST in one health district (Ndop) will be assessed with a primary focus on demand and
acceptability.50 Demand will be assessed using an inventory system of the number of times providers access the hotline
and electronic files. Acceptability will be assessed through satisfaction surveys and medical record reviews to determine
adherence to advice received. The satisfaction survey will include structured and semi-structured sections; the structured
section will consist of five Likert scale items that will be analyzed descriptively to determine measures of central
tendency. The open-ended section will consist of four questions on recommended changes that will be analyzed through
content analyses. The secondary outcome is feasibility, while demand and acceptability will be primary.

Training
In order to test mMIST on a smaller scale in the pilot, all maternity providers at a minimum of five maternity centers in
one district in Cameroon will be selected to utilize the system. This will include approximately 25–30 providers who will
be trained via Zoom on study protocols and intervention functionality. Once mMIST is launched, we expect, on average,
a minimum of 1 call every 2 days as an acceptable demand level. We expect that in the survey, at least 70% of providers
will find mMIST acceptable.

Training will also be provided to support staff who will answer the mMIST line, primary maternity and pediatric
providers, and administrators (who will be involved in supporting timely transfer of high-risk patients). Maternity
healthcare workers who answer the mMIST line, called first line responders, and maternity service heads (responsible
for the target health units) will attend a 1-day workshop on mMIST. Other providers will be trained by their maternity
service leads (train-the-trainer model). Trained maternity service leads will be provided with detailed training and
marketing materials (eg cards to be kept by providers, clinic posters, etc.) to train their maternity providers (eg
physicians, nurses, skilled birth attendants, etc.) and monitored by the research team.
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Data Collection
Electronic logs from mMISTwill be assessed for number, type, and location of providers using the system and number of
calls made in total, regardless of which provider initiates the call. mMIST first line responders will keep a paper record of
the reason for each call, advice or referral given to the patient post-call, and assessment of whether the patient followed
the advice or referral. An oversight team consisting of investigators and providers will monitor accuracy of advice given
through auditing of a random sample of taped calls quarterly. Qualtrics surveys, record reviews guided by an assessment
matrix, and follow-up in-depth interviews using a standardized guide will be used to assess acceptability, demand,
implementation, practicality, adaptation, integration, and expansion. Administrative data collection on maternal and
perinatal deaths will be optimized at start of project and collected on a rolling basis through the project.

Table 1 Steps of ADAPT-ITT for the mMIST Adaptation51

Phase Tasks

Assessment Conduct in-depth interviews with peripheral healthcare providers

Conduct focus groups with currently pregnant women

Conduct in-depth interviews with hospital administrators

Conduct in-depth interviews with mobile service providers

Conduct in-depth interviews with previously pregnant women

Analyze the qualitative data collected

Decision Decide on aspects of MIST to adapt for mMIST

Adaptation Adapt MIST considering the assessment feedback to become mMIST

Pre-test mMIST across three health districts

Collect survey data from peripheral providers and pregnant women

Analyze these feedback data

Production Produce draft 1 of the adapted mMIST intervention

Topical Experts Share adaptation and results with Cameroon Ministry of Health

Integration Integrate feedback from experts and create draft 2 of the intervention

Share draft 2 of mMISTwith peripheral providers; collect feedback

Integrate feedback into draft 2 to create draft 3 (mMIST)

Adapt training manual and process documents for the new mMIST

Training Train CBCHS staff and peripheral providers on mMIST

Measure understanding of mMIST post- initial training

Release educational and marketing materials for mMIST across CBCHS

Testing Conduct full scale trial of mMIST across the CBCHS health system

Collect pre- and post- effectiveness clinical data

Collect mMIST interaction audit data to measure accuracy and use

Collect qualitative data from mMIST users to measure satisfaction

Analyze data to assess effectiveness and examine implementation
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A database will be developed to log provider call information. Data collected through a log or auditing of taped calls
will include date, time, call duration, caller type (eg, nurse, midwife, physician, etc.) location, patient type (eg, pregnant,
postpartum, or baby), call reason, respondent (eg, maternity worker, specialist expert, both), recommendation, and
follow-up on advice. Provider demand will be quantified by the number of calls by location. Satisfaction survey and
follow up interview data will be analyzed to gauge acceptability and feasibility.

Once all providers have been trained, the research team will supplement the existing data collection processes as
needed to ensure that all components of feasibility can be evaluated as planned. Implementation will be on a rolling basis

Figure 1 mMIST system structure with call flow process.
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with lessons learned from each center informing the roll out in the next center. After the implementation cycle, structured
surveys on feasibility domains will be shared with providers (peripheral and experts). Findings from survey data, chart
reviews, and interviews with experts and related stakeholders will be used to inform updates to mMIST prior to testing
through a subsequent cluster stepped wedge randomized controlled trial.

Results
Data collection processes and results will be reported in late 2022.

Discussion
Cameroon is, in several ways, similar to rural Alabama where MIST has been highly utilized and valued. Both have
relatively high maternal and perinatal mortality, a large underserved rural population, and regionalization with urban
concentration of higher-level care and equipment. There are 65,000 births annually in both settings. The findings of our
study could inform mHealth intervention development and scale-up into the poorest nations with the greatest needs
related to maternal and newborn health.

Potential Impact
If our pilot is successful, we will conduct a full-scale stepped wedge cluster randomized controlled trial of mMIST in
which we will evaluate the intervention’s ability to reduce a composite of maternal or perinatal deaths or severe
morbidities in Northwest Cameroon.

Challenges and Limitations
In Aim 1, pregnant women could be uncomfortable speaking openly in a focus group about their health. If so, one-on-one
in-depth interviews will be used to collect data from this group. Although in-depth interviews with previously pregnant
women who experienced a complication will likely yield rich data, these women are also at high-risk for having an
adverse emotional reaction. To prepare for this, an experienced female interviewer will conduct all interviews and will be
trained on when to pause or stop data collection, offer counseling, and link to care for supportive services. After the

Table 2 Bowen’s Model of Feasibility and Assessment Measures

Component Assessment Focus Sample Outcomes Assessment Methods

Demand Documenting use of the mMIST Fit within organizational culture; Perceived
effects and demand

Follow up interviews of providers and logs

Acceptability Providers and patients’ reaction to
mMIST

Satisfaction Intent to continue use;
Perceived appropriateness

Satisfaction Surveys; Interviews with
providers and stakeholders

Implementation Extent to which the mMIST is
implemented as planned

Degree of execution; Amount type and
resources to implement

Follow up interviews with provider
stakeholders

Practicality Extent to which mMIST can be

implemented in a LIC

Cost analysis actors affecting

implementation

Follow up interviews with stakeholders;

Records reviews

Adaptation Modifications needed to

accommodate the context

Degree to which outcomes are obtained

with the mobile format

Records reviews; Follow-up interviews

with stakeholders

Integration Level of system change to integrate

mMIST

Perceived fit with infrastructure; Perceived

sustainability

Follow up interviews with providers

Expansion Potential success of mMIST in

a different setting

Fit with the local goals and culture; Effects

on health district

Follow up interviews with providers

Limited efficacy

Testing

Small scale implementation Effect size estimation; Effects on key

intermediate variables

District data on birth outcomes and near

misses
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initial adaptation, it could be difficult to re-engage the same peripheral providers to solicit feedback. The nature of the
ADAPT-ITT framework allows feedback from new providers for each new version of mMIST.

Conclusion
This pragmatic mHealth intervention could be a powerful tool enabling providers in LIC settings to deliver improved
pregnancy, postpartum and newborn care. The mMIST program could be scalable to other regions in Cameroon and
other low income countries in sub-Saharan Africa, as well as to other health medical departments (eg internal
medicine or surgery), leading to improved maternal and newborn outcomes and ultimately to improved population
health.
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