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Purpose: Almost all low-income countries and many middle-
income countries lack the capacity to deliver medical genetics
services. We developed the MiGene Family History App (MFHA),
which assists doctors with family history collection and population-
level epidemiologic analysis. The MFHA was studied at St. Paul’s
Hospital in Addis Ababa, Ethiopia.

Methods: A needs assessment was used to assess Ethiopian
physicians’ experience with genetics services. The MFHA then
collected patient data over a 6-month period.

Results: The majority of doctors provide genetics services, with
only 16% reporting their genetics knowledge is sufficient. A total of
1699 patients from the pediatric ward (n= 367), neonatal intensive
care unit (NICU) (n= 477), and antenatal clinic (n= 855) were
collected using the MFHA with a 4% incidence of a MFHA-

screened condition present. The incidence was 11.7% in the
pediatric ward, 3% in the NICU, and 0.5% in the antenatal clinic.
Heart malformations (5.5% of patients) and trisomy 21 (4.4% of
patients) were the most common conditions in the pediatric ward.

Conclusion: Medical genetics services are needed in Ethiopia. As
other countries increase their genetics capacity, the MFHA can
provide fundamental genetics services and collect necessary
epidemiologic data.
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INTRODUCTION
Over the last two decades, noncommunicable diseases
(NCDs) have steadily increased as causes of worldwide
disability and mortality with a concomitant decrease in
disease burden from communicable, maternal, neonatal, and
nutritional conditions.1 This epidemiologic transition has
especially affected low and middle-income countries (LMICs),
which are responsible for 80% of all NCD deaths and the
majority of worldwide disability-adjusted life years.2,3 Major
causes of NCDs affecting the adult-aged population
include cardiovascular disease, cancer, type 2 diabetes, and
others. The most common cause of pediatric NCDs are
congenital anomalies with a genetic or partially genetic
origin, which affect 7.9 million children worldwide.4 LMICs
also bear the majority of this pediatric NCD disease burden as
they are responsible for 94% of all births affected with a
congenital anomaly.5–7 Importantly, the genetic contribution
to disease is not limited to pediatric NCDs as genetic factors
play an important role in the development and progression of
adult-onset NCDs as well.8 As the public health impact of
NCDs continues to increase in all age groups, equipping
LMICs with the medical genetics capacity necessary to

diagnosis, treat, and prevent NCDs will become increasingly
important.7,9,10

For decades, medical genetics–based strategies aimed at
addressing pediatric and adult-onset NCDs have been in place
in nearly all high-income countries. These strategies, such as
prenatal diagnostic services, carrier screening programs, and
newborn screening programs, were the direct result of
epidemiologic transitions experienced in these countries
near-identical to those currently occurring in many LMICs.7

Unfortunately, nearly all low-income countries and many
middle-income countries lack the necessary personnel,
capital, technology, infrastructure, and public and medical
education capabilities needed to implement identical high-
income country approaches.11 To address this gap, commu-
nity genetics has been proposed as a model that can assist
LMICs with the introduction of medical genetics services.11

Community genetics aims to prevent congenital anomalies
and genetic disease at the population level while simulta-
neously providing genetics services to affected individuals and
their families.11 Examples of successfully implemented
programs include those targeting sickle cell disease in
Cameroon, Jamaica, Tanzania, and Nigeria and those
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addressing thalassemias in Bahrain, Iran, and Cyprus.12–18

Each country has a unique set of disorders and cultural and
religious backgrounds and beliefs all requiring consideration
prior to program implementation.7 Resultantly, genetic
services must accommodate the available workforce, align
with a country’s needs and culture, limit costs associated with
any technology, and target sources of genetics information
that are both valuable and reasonably attainable.11

Community-based genetics programs should target primary
healthcare workers and focus on fundamental and inexpen-
sive services most appropriate for their patient population.7

One such opportunity is the use of a family history in patient
visits—a technique well within the capabilities of LMIC
primary healthcare providers.7,11

Here we report on the use of a mobile health (mHealth)
application, the MiGene Family History App (MFHA), as a
means of introducing community genetics services into
low-income countries. The MFHA is an Android-based
app used by healthcare providers that assists with the
collection of patients’ family histories, the delivery of genetic
counseling, and analysis of the epidemiology of disease
affecting a population. The MFHA was launched in
2016 at St. Paul’s Hospital Millennium Medical College
(SPHMMC), the second largest public hospital in
Ethiopia. We report on the app development process, its
first 6 months of regular use, and user feedback. We
additionally assessed Ethiopian physicians’ experiences and
comfort with medical genetics principles and practice.
To our knowledge this is the first community genetics
program in Ethiopia and the first to use a mobile health

(mHealth) tool to introduce medical genetics services into a
low-income country.

MATERIALS AND METHODS
Needs assessment survey design
A survey was created aimed at assessing Ethiopian physicians’
education in genetics and genetic disease and their clinical
experience and comfort with family history collection,
diagnosis of a suspected genetic disorder, and delivery of
genetic counseling. The survey was designed to cover a wide
range of topics in efforts to support the MFHA’s utility while
also providing needs assessment data for future medical
genetics capacity building strategies. The survey consisted of
two multiple choice questions and one free-text box covering
medical genetics training and 19 5-point Likert scale
questions, one multiple choice question and two free-text
boxes covering practice patterns and comfort levels with
medical genetics services (Supplementary Material).

MFHA design and programming
The MFHA was designed by a study author (SQ) in
consultation with SPHMMC study members and programmed
by xHub, a technology group in Ethiopia. To optimize use in
LMICs, the MFHA was designed for use on Android operating
systems, the most commonly used operating system in
Ethiopia and worldwide. The MFHA requires no Internet or
wireless connection for the majority of its functions as this is
often absent in many LMIC healthcare settings. The MFHA
has three functions: (1) collection of a patient’s family history,
(2) delivery of personalized genetic counseling resources based

Fig. 1 MiGene Family History App screenshots. a Clinical location entry screen. b Trisomy 21 genetic counseling information
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on entered patient and family history data, (3) analysis of
collected data to determine the incidence of congenital
anomalies and genetic diseases in a population (Fig. 1). Users
are guided through a series of 26 questions, which provides the
information necessary to construct a three-generation pedi-
gree. The MFHA focuses on the most common congenital
anomalies and genetic diseases worldwide: neural tube defects,
trisomy 21, cleft lip and/or cleft palate, heart malformations,
hemoglobinopathies, intellectual disability, multiple congenital
anomalies, and other single congenital anomaly.4 The family
history information includes the proband’s living and deceased
children, siblings, parents, aunts, uncles, and grandparents,
and if family members are affected with a congenital anomaly
or genetic disease. After data entry, healthcare providers are
provided with genetic counseling information on all condi-
tions present in the patient and/or family. The MFHA collects
anonymous patient information with only the sex, age, and
hospital location recorded. When a wireless or cellular
connection is available, stored data can be transmitted via
email through a MFHA-created excel sheet containing all
MFHA-collected data. A pedigree generated from a patient’s
MFHA data during the training period of the app’s launch is
shown in Supplementary Fig. S1. As medicine in Ethiopia is
taught and practiced in English, this language is used
throughout the MFHA.
In its current state the MFHA does not deliver individua-

lized risk prediction information for each proband, though
condition-specific recurrence risk information is provided
within each condition’s genetic counseling page. For example,
in a family with an autosomal dominant form of cleft palate,
the MFHA is unable to analyze the pedigree and report a 50%
recurrence risk. For a family with a hemoglobinopathy
though, the genetic counseling information provided follow-
ing family history entry reports a recurrence risk of 25% for a
family affected with sickle cell disease.

Study setting
SPHMMC is located in Addis Ababa, Ethiopia. Addis Ababa
is the capital and largest city of Ethiopia and in 2007 had a
population of 2.7 million people.19 Ethiopia is a low-income
country with a gross domestic product of 72.4 billion US
dollars in 2016.20 There are 88 individual languages used in
Ethiopia with Amharic (29.3%) and Oromo (33.8%) being the
most common first languages. In Addis Ababa, the most
common language is Amharic (71.0%) with Oromo spoken by
19% of the population. English is the most common foreign
language spoken in Ethiopia and is the primary language of
secondary schools and medicine.
SPHMMC primarily serves patients of lower socioeconomic

status, providing approximately 75% of services free of charge.
The hospital has 392 beds and admits approximately 300,000
patients annually. The pediatric outpatient department cares
for approximately 7000 patients annually, the neonatal
intensive care unit (NICU) admits approximately 4000
patients annually, and the pediatric ward admits approxi-
mately 1000 patients annually. Little is known on the

incidence of congenital anomalies and genetic disease in
Ethiopia, though what is known was published in 2014.21

To our knowledge, there is one clinical laboratory in
Ethiopia offering aneuploidy analysis via multiplex ligation-
dependent probe analysis, which has only been available for
the past 1–2 years. There are currently no clinical geneticists
or genetic counselors in Ethiopia.

Physician and patient recruitment
Early in the project, a Memorandum of Understanding was
signed by both institutions. This partnership was strength-
ened by 4 trips to SPHMMC taken by one of the study’s
authors (SQ) during the program’s creation. Institutional
review board (IRB) approval was obtained from the
University of Michigan and SPHMMC with an Amharic
consent form used. All physicians were provided with in-
person training by one study author (SQ) as well as a MFHA
User Manual. A final version was loaded onto physicians’
tablets in July 2016. To increase patient recruitment, two
SPHMMC nurses were also trained and functioned as the
major data collectors during the study.
Patients were regularly recruited from the pediatric ward,

NICU, and antenatal clinic at SPHMMC between February
2017 and August 2017. Data was entered into the MFHA by
the nurse data collectors while interviewing parents of
pediatric patients or pregnant women in the antenatal clinic.
In the pediatric ward and NICU, pediatric patients were
considered probands. The nurse data collectors interviewed
parents or patients in either Amharic or Oromo and entered
data into the MFHA. The physician users were consulted by
nurse data collectors if questions arose regarding a patient’s
medical history/diagnosis or if questions regarding the study
or medical conditions were asked by parents or patients.
Patient data was uploaded at least weekly and entered into a
secure REDCap database. Participants were eligible for the
study if they were admitted to any of the three locations used
for the study and ineligible if they had previously participated
in the MFHA study. The primary location of recruitment was
the pediatric ward. Data was collected Mondays through
Fridays.

MFHA validation and user satisfaction
To determine the validity of MFHA-collected data, 11 stan-
dardized three-generation pedigrees were collected by one of
the study authors (SQ) and compared with MFHA-
generated data. The author was not present for the family
history collected by the MFHA. Data were analyzed for the
accuracy of family members and medical conditions present.
Pedigrees were scored based on the accuracy of the 27
variables asked by the MFHA. The overall accuracy of app-
collected family history data was 89%. When families that
did not speak the same language as the data collectors were
excluded from analysis, the accuracy increased to 95%. These
families often relied on a person in the ward to translate the
patient’s information to the data collector. This accuracy is
higher than that reported by other web-based family history
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tools.22 A survey was created assessing user satisfaction and
utilized 24 five-item Likert scale questions, five multiple
choice questions, and two free-text questions (Supplemen-
tary Materials).

MFHA data statistical analysis
Data retrieved from the MFHA were used to calculate the
prevalence of birth defects and genetic diseases among the
sample captured during the study period and to compare
populations within the study. Following a cross-sectional
design, all observations obtained from the pediatric ward,
NICU, and antenatal clinic over the study period were
included in analyses. Statistical evaluations were calculated
based on the presence of conditions in the child in the
pediatric ward/NICU or adult woman in the antenatal
clinic. Birth defect and genetic disease variables were
operationalized dichotomously by whether the condition
was present in the patient. All statistical analyses were
completed using SAS 9.4.

RESULTS
Needs assessment survey
Surveys were distributed to 47 physicians in the Pediatrics and
Obstetrics/Gynecology (Ob/Gyn) departments. Twenty-five
surveys (53%) were returned with the demographics of all
respondents shown in Table 1. Review of the practice patterns

Table 1 Demographics of surveyed Ethiopian physicians

Variable Number

(%)

Sex Male 17 (68)

Female 8 (32)

Agea <30 years 12 (52)

30–39 years 8 (35)

≥40 years 3 (13)

Specialty Pediatrics 14 (56)

Obstetrics/

Gynecology

11 (44)

Medical schoola University of

Gondor

6 (43)

Mekelle University 1 (7)

SPHMMC 2 (14)

Jimma University 3 (21)

Hawassa University 1 (7)

Addis Ababa

University

1 (7)

Residency Addis Ababa

University

9 (36)

SPHMMC 16 (64)

Location(s) of medical genetics

educationb
Medical school 10 (67)

Residency 12 (80)

In current practice 7 (47)

Outside resources 4 (27)
aNot all respondents answered these questions
bOnly attending surveys used for analysis (n= 15) Ta
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and confidence level of physicians at SPHMMC is shown in
Table 2 and Supplementary Table S1. Of the physicians
surveyed, most providers (24/25, 96%) report obtaining a
family history when caring for patients, though the majority
(19/25, 76%) do not use a pedigree. Most respondents
(19/25, 76%) were confident in their ability to collect a family
history, but only 6/25 (24%) were confident in their ability to
produce/interpret a pedigree. Over half of surveyed providers
(16/25, 64%) report being asked at least multiple times/month
about a congenital disorder/genetic disease, with only 7/25
(28%) rarely asked (monthly or less) about a congenital
disorder/genetic disease, and 2/25 (8%) never asked about a
congenital disorder/genetic disease by patients/families.
Nearly half of respondents (12/25, 48%) report occasionally,
regularly, or frequently providing genetic counseling with 13/
25 (52%) reporting rarely or never providing genetic
counseling. Only 7/25 (28%) of respondents felt confident
in their ability to counsel/treat a patient based on their family
history with the remainder (18/25, 72%) either neutral or not
confident in their abilities. When counseling/treating patients
based on a pedigree, only 3/25 (12%) of respondents reported
being confident in their abilities with the majority 16/25
(64%) not confident. Regarding the ordering of genetic
testing, most physicians (20/25, 80%) report ordering testing
rarely or never. Providers ordering testing much more often
were obstetricians likely recommending prenatal testing for
fetuses with multiple congenital anomalies and/or findings
concerning for aneuploidy. Overall, only 4/25 (16%) felt their
genetics knowledge was sufficient for their practice with the
majority (18/25, 72%) interested in furthering their genetics
education.

MFHA-collected SPHMMC data
During the 6 months of the study, a total of 1699 patients
were enrolled from the pediatric ward (n= 367), NICU
(n= 477), and the antenatal clinic (n= 855). In the pediatric
ward and NICU, this represented 70 and 23% of all patients
admitted during that time, respectively. The low percentage of
NICU patients is likely due to the fact that parents are often
not at the NICU bedside. These numbers were obtained with
one data collector working for 4 months and a second data
collector added for months 5 and 6. The incidence of a
MFHA-screened condition in the proband was 4%
(n= 63) for the entire population studied. In the pediatric
ward the incidence of a condition was 11.7 % (n= 43), in the
NICU it was 3% (n= 16), and in the antenatal clinic it was
0.5% (n= 4).
Incidence data was most reliable from the pediatric ward as

it was the main focus of the study and the location where the
highest percentage of admissions were captured. The most
common conditions seen in the pediatric ward were heart
malformations (n= 21, 5.5% of all admissions) and trisomy
21 (n= 16, 4.4% of all admissions). The incidence of other
conditions is shown in Fig. 2. Of those patients with a MFHA-
screened condition in the pediatric ward, 16/43 (37%) were
male with 27/43 (63%) female. Of all males and females in the
study, 7.8% of males were affected with a MFHA-screened
condition while 16.7% of females were affected with a MFHA-
screened condition. Comparison of these groups found a
statistically significant difference in the incidence of a
condition in females as compared to males (p= <0.0088).
The average age of all patients in the pediatric ward was 2.3
years. No statistical difference (p= 0.8818) was seen between

Trisomy 21 Heart malformation

46%

35%

5%

7%

5%

2%

Intellectual disability

Neural tube defectCleft lip and/or cleft palate

Other single birth defect

Hemoglobinopathy

Multiple congenital anomalies

Fig. 2 The incidence of conditions screened for by the MiGene Family History App in the pediatric ward
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the average age of patients with a MFHA-screened condition
and those without a MFHA-screened condition. Two patients
had multiple conditions, the first a 2-year-old girl with
Trisomy 21 and a heart malformation and the second a 3-
year-old boy with multiple congenital anomalies and
intellectual disability. During the study period, no families
were identified with a positive family history of a congenital
anomaly or genetic disease.
In the NICU a total of 16 patients (3%) were identified with

a MFHA-screened condition. One patient had multiple
congenital anomalies, 3 had neural tube defects, 1 had
trisomy 21, 8 had a heart malformation, 2 had intellectual
disability, and 1 had a single congenital anomaly not
otherwise specified. No clinical data is available to determine
the reason “intellectual disability” was selected for a patient in
the NICU though it may have been due to hypoxic ischemic
encephalopathy. In the antenatal clinic, four patients were
affected with a condition; two with a heart malformation and
two with intellectual disability. Nine percent of women were
found to be of advanced maternal age (≥35 years of age).

User feedback
A total of seven surveys were returned by users and reviewed
for feedback. The app was initially distributed to 12 users but
primarily used by the seven users surveyed over the study
period. User feedback is shown in Table 3 and Supplementary
Tables S2 and S3. All users (7/7; 100%) reported the app took
10 minutes or less to complete. Additionally, all users reported
“Time constraints” were a contributor to the times they did
not use the app, with 5/7 users (71%) reporting “Time
constraints” as the most important factor when choosing to
not use the app. All users reported being either very satisfied
(3/7; 43%) or somewhat satisfied (4/7; 57%) with the MFHA.

DISCUSSION
Here we report on the establishment of the first community
genetics program in Ethiopia, which utilized a mHealth app
for the majority of its services. We detail the program’s design
process including the initial needs assessment and the
programming and launch of the MFHA. The MFHA provided
SPHMMC for the first time with prevalence data on congenital
anomalies and genetic disease affecting its patient population.
This work shows the feasibility and benefit of the expansion of

medical genetics services into LMICs and the potential for
mHealth technology to assist with this expansion.
Approximately 12% of all admitted patients in the pediatric

ward were affected with a congenital anomaly and/or genetic
disease, with heart malformations and trisomy 21 the most
common disorders present. The incidence of congenital
anomalies and genetic disease in various pediatric inpatient
settings has been studied and typically shows an incidence
between 10 and 12%, though some high-income country
tertiary centers report an incidence as high as 34%.23-31 As the
diagnostic capabilities for congenital anomalies, such as
echocardiograms and ultrasounds, are limited at SPHMMC,
the actual prevalence of these conditions is likely higher.
According to the March of Dimes global report on birth
defects, the five most common serious congenital anomalies
with genetic or partially genetic origin are: (1) congenital
heart defects; (2) neural tube defects; (3) hemoglobin
disorders, thalassemia, and sickle cell disease; (4) trisomy
21; and (5) glucose-6-phosphate dehydrogenase deficiency
(G6PD).4 In our pediatric ward cohort, congenital heart
malformations and trisomy 21 were the most common
disorders present, consistent with the March of Dimes
statistics and similar to data found in other hospital cohort
studies.26–31 The absence of neural tube defects in the
pediatric ward is expected as many affected children do not
survive the newborn period. Though limited, data from the
NICU showed neural tube defects to be the second most
common condition present. The limited hemoglobin dis-
orders in the pediatric ward are likely due to the relatively low
prevalence of sickle cell disease in Ethiopia as well as limited
in-country diagnostic testing for other hemoglobinopathies.32

At SPHMMC, providers are responsible for providing
medical genetics services but lack formal training and comfort
with delivering this care, something common in sub-Saharan
Africa.33 Most surveyed SPHMMC providers report feeling
responsible for discussing genetic information with their
patients but feel their genetics knowledge is insufficient. Given
this gap in education/training and clinical expectations, it is
not surprising most physicians surveyed expressed an interest
in furthering their medical genetics education. This interest is
reflected in the recommendations that the public, policy
makers, and healthcare providers receive education in
important topics such as consanguinity, prenatal and

Table 3 MiGene Family History App (MFHA) user feedback

1 (Not difficult at all) 2 3 4 5 (Very difficult)

Overall use of the MFHA 5 (71) 2 (29) 0 0 0

Entering information into the MFHA 4 (57) 2 (29) 1 (14) 0 0

Understanding the MFHA output 3 (43) 3 (43) 1 (14) 0 0

Communicating with patients based on MFHA questions 2 (29) 1 (14) 3 (43) 1 (14) 0

Discussing MFHA generated results with patients 3 (43) 0 4 (57) 0 0

Finding time to complete the full MFHA program 0 2 (29) 1 (14) 2 (29) 2 (29)

Integrating use of the MFHA into clinical practice 0 1 (14) 4 (57) 1 (14) 1 (14)
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newborn screening, detection of signs of genetic conditions,
and ethical, legal, and social issues.11 The National Coalition
for Health Professional Education in Genetics have outlined
core competencies necessary for all health professionals.34

While these are appropriate topics, they were designed for
settings where physicians are able to refer patients to genetics
professionals, a service unavailable in almost all low-income
countries. The genetics education of the public and healthcare
workforce in LMICs is an area in need of further study as
these efforts require consideration of local needs, cultures,
diseases, and languages.11

The work described here has a number of intentional and
unintentional limitations. A major limitation of the current
version of the MFHA is its inability to provide individual
pedigree risk predictions, making collected family history data
useful only for epidemiologic study. While future versions of
the MFHA may include this function, the currently collected
family history data, though biased, still provides useful and
novel epidemiologic information. As the risk prediction
capabilities of the MFHA and Ethiopian providers increases,
it will be important to also assess and increase Ethiopia’s
ability to deliver condition-specific prevention strategies. It
should also be noted no positive family history of a MFHA-
screened condition was identified during the study, limiting
the utility of the family history’s collection. The impact of this
on the MFHA’s usefulness is uncertain at this point. An
increase in the number, location, and demographic diversity
of recruited patients may reveal important insights on the
incidence and heritability of congenital anomalies and genetic
disease in Ethiopia.
To simplify the launch of the app, a limited number of

conditions were included in the MFHA. Though a free text
option was available, this was not routinely used by data
collectors. Additionally, the MFHA does not inquire about
consanguinity or half-siblings. The Ethiopian prevalence of
these family history variables is unknown but clearly
present.21 Also, the primary data collectors were nurses who
lacked training in medical genetics, hindering their ability to
fully assess an individual’s medical history. Nurses and
doctors additionally lacked the training and comfort with
the delivery of the natural history/genetic counseling
information delivered by the app. While this aspect of the
MFHA was not utilized, we feel this is a strength of our work
because no information is known regarding what cultural
factors need consideration prior to the introduction of genetic
counseling services in Ethiopia. Additional limitations include
the small number of users and the MFHA’s launch at only one
institution, resulting in a very biased sample. Additionally,
our cohort was limited to families and probands who spoke
Amharic and/or Oromo, with many other languages in use
throughout Ethiopia. While these two languages are spoken
by most SPHMMC patients, it is possible this prevented
certain patient enrollment in the study. Importantly, little is
known on the preferences of Ethiopians regarding discussing
congenital anomalies and genetic diseases. This may have
resulted in a concern for lack of anonymity and limited the

parents’ or patient’s willingness to participate in the study.
While these factors limit the data’s generalizability, the
narrow focus of the project likely increased its chances of
success during the early stages. No outcomes were measured
during this early phase of the MFHA’s launch. Future plans
include the addition and study of the effects of genetic
counseling when combined with the MFHA. Prior to the
inclusion of these services, exploring the local patient
preferences and beliefs surrounding genetic counseling will
be necessary.
The MFHA is undergoing an update by xHub in early 2018

that will incorporate adult-onset conditions such as cancer,
cardiovascular disease, and chronic kidney disease and will
include consanguinity and half-siblings as collected variables.
The inclusion of adult-onset NCDs is important as the use of
individuals’ family histories has been shown to result in
increased uptake of healthcare recommendations, more than
genetic testing–informed risk information, in patients with
type 2 diabetes, cancer, and cardiovascular disease.35–38

The needs of a comprehensive community genetics
program are vast. Our project is the first of many needed
steps toward the initiation of a nationwide community
genetics program in Ethiopia. The near-endless benefits of
genetics continue to be realized in many high-income
counties, but have yet to be shared with the populations
most in need of their services. With the worldwide increasing
burden of pediatric and adult-onset NCDs, the use of
genetics-based strategies is essential to aid in their diagnosis,
prevention, and management. It is our hope the work
described here is not regarded as the only way to introduce
medical genetics services into LMICs. Rather, we view our
work as one step toward the ultimate goal of genetics-
informed care for all, regardless of where they happen to live.
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