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Introduction

Genomics research is making significant contributions to
our understanding of the biology and treatment of several
human diseases. With varying degrees of success, genomics
has also contributed to the development of new diagnostic
tools and prevention strategies in the public health settings
(Brand et al. 2008). A high proportion of diseases with
significant public health impact occur due to the interplay
between genetic and environmental factors. In this regard,
conducting genomics research on diseases with strong en-
vironmental determinants is useful not only to identify ge-
netic causes but also to improve public health approaches
that aim to modify environmental risk factors (Agurs-
Collins et al. 2008; Burke et al. 2010). Genomics research
may contribute to the latter by presenting evidence for
stratifying targeted population by level of genetic risk.
This risk stratification approach has the potential to refine
disease prevention strategies by more effectively targeting
individuals differentially affected by the disease (Khoury et
al. 2005). Moreover, given that most common complex
diseases have both genetic and environmental components,
community health interventions that utilize information
from both risk factors promise to have higher impact
(Morabia and Costanza 2005).

Family health history (FHH) is the most commonly applied
genomics/genetics tool in the stratification of disease risk at
community level. FHH of a disease is a composite indicator of

the effects of factors such as genetics, environment, culture,
behavior, and the complex interplay between these factors in
families. It is a “low tech” but powerful community health
genomics tool for risk prediction and stratification, disease
prevention and control, and health promotion (Yoon et al.
2002). For example, a study showed that 86% of early strokes
aggregated in 11% of families, and 72% of all early chronic
heart disease cases clustered in only 14% of families
(Williams et al. 2001), demonstrating the efficiency of FHH
in predicting disease risk (Scheuner 2003). Moreover, a ran-
domized clinical trial showed effectiveness of family-oriented
education and behavioral interventions. Individuals that re-
ceived preventive messages tailored to an individual's familial
risk had more compliance to the recommendations than those
that received standard prevention messages (Ruffin et al.
2011). Despite existing knowledge gaps, the important role
of the FHH tool for clinical and primary health practice was
reflected in the National Institutes of Health's Consensus
Development Program (http://consensus.nih.gov/2009/
familyhistory.htm). Importantly, FHH offers unique values
for disease prevention in low-income countries for several
reasons including the fact that it is well proven, free, and is
readily available to all persons (Guttmacher et al. 2004).
However, there is paucity of practical evidence on applicabil-
ity of FHH for informing disease prevention programs in low-
income countries, particularly in Africa.

The aim of this article is to describe a practical lesson
gained from epidemiologic and genetic studies in Ethiopia
that informed community-based prevention approaches for
targeting children at high risk for podoconiosis. First, we
provide a brief description of podoconiosis and the resource
challenges of prevention in endemic communities. Second,
we review evidence for the role of genetic and environmental
risk factors for podoconiosis, and the usefulness of FHH as a
“genomics tool” capturing both risk factors for identification
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of high risk individuals and resource targeting. Third, we
discuss an experience from a pedigree study and a
community-based genomics research project that demonstrat-
ed the scientific basis and feasibility of FHH. Fourth, we
highlight the practical application of this approach by the local
community-oriented organization in developing a model
podoconiosis prevention program that targets children at high
risk. Finally, we point out a strategic direction that can be
implemented at primary health care facilities in Ethiopia for
systematizing and scaling up the implementation of FHH to
speed up elimination of podoconiosis.

Podoconiosis—an environmentally preventable
neglected tropical disease

Podoconiosis is a good example of a preventable disease
caused by the interplay between genetic and environmental
factors. Podoconiosis, also known as endemic non-filarial
elephantiasis, is a non-infectious chronic disease resulting in
bilateral swelling of the lower legs (Fig. 1). Available evi-
dence indicates that mineral particles present in red clay
soils are absorbed through the skin of the foot in barefooted
individuals and are taken up into macrophages in the lower
limb lymphatics where they induce an inflammatory re-
sponse leading to fibrosis and obstruction of the vessel
lumen (Price 1976a). The disease is caused by barefoot
exposure to red clay soil derived from volcanic rock
(Fig. 2) and mainly occurs in poor rural farming communi-
ties. Podoconiosis is an important, yet neglected, problem of
public health importance in countries across tropical Africa,
central and south America, and north India (Price 1990;
Davey et al. 2007b). Recently, the World Health
Organization included podoconiosis in its list of Neglected
Tropical Diseases (http://www.who.int/neglected_diseases/
diseases/ podoconiosis/en/). It is estimated that the total

number of cases per country is highest in Ethiopia—up to
one million people are affected. Estimates based on the
distribution of the red clay soil showed that a further 11
million people in Ethiopia are at risk of developing podo-
coniosis. Of these, over five million are estimated to be
children aged 1–18 years (Destas et al. 2003; CSA and
ORC Macro 2007). Studies showed the average prevalence
of podoconiosis in endemic areas of Ethiopia to be over 5%
(Destas et al. 2003; Davey et al. 2007b). Podoconiosis
imposes huge economic burden that worsens the prevailing
poverty, and results in high social stigmatization associated
with the belief that the condition is familial and incurable
(Tekola et al. 2006; Yakob et al. 2008). Prevention and
treatment of podoconiosis in Ethiopia is mainly conducted
by a local non-governmental organization—the Mossy Foot
Treatment and Prevention Association (MFTPA). Despite
considerable social, economic, and public health burden
imposed by podoconiosis, there is minimal government
involvement in prevention and treatment of the disease.

Podoconiosis can be prevented and disease progression,
especially at early stages, can be controlled by using meas-
ures that curb exposure of feet to the red clay soil and by
maintaining proper foot hygiene including consistent wash-
ing with soap and water. Primary prevention (prevention of
disease onset) that targets young individuals in endemic
areas has been suggested as a cost-effective approach to
minimize the burden imposed by podoconiosis (Tekola et
al. 2006). Interventions targeting podoconiosis prevention in
resource poor settings embrace health education and
counseling on personal hygiene and shoe-wearing practice,
provision of locally made and affordable shoes, and improv-
ing access to water and soap for washing feet.

Although consistent use of footwear helps to prevent
podoconiosis, many rural people in endemic areas cannot
afford shoes. A study showed that patients in southern
Ethiopia went barefooted primarily because they were too

Fig. 1 Advanced stage podoconiosis in a 42-year-old adult from
southern Ethiopia

Fig. 2 Barefoot farming in red clay soils of podoconiosis endemic
areas, southern Ethiopia
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poor to buy shoes (Yakob et al. 2008). Resource con-
straint is also a major challenge for the organizations
involved in podoconiosis prevention and treatment ac-
tivities. For example, the MFTPA, the only organization
providing prevention and treatment in southern Ethiopia,
has contact with and provides treatment for only one
third of the patients in its operational area. The com-
bined efforts of all the major non-governmental organ-
izations involved in podoconiosis activities in Ethiopia
have reached less than 4% of the existing one million
patients (Davey and Burridge 2009). This clearly shows
the need to target individuals at “high risk” to optimize
effectiveness of scarce resources on disease prevention
programs.

Genetics of podoconiosis

Initial support for the role of genetics in the develop-
ment of podoconiosis came from pedigree studies con-
ducted in the early 1970s on 80 families with more
than one affected person. The study reported significant
familial aggregation and the possibility of a genetic
factor(s) with an estimated risk genotype frequency of
15–40% (Price 1972; Price 1976b). Two recent genetic
studies conducted by our group and other researchers
showed that podoconiosis occurs when genetically sus-
ceptible individuals are exposed to the irritant red clay
soil in endemic areas. First, we conducted a pedigree
study based on 59 multi-generational families with
multiple affected members from southern Ethiopia.
Estimated heritability of podoconiosis with proband
ascertainment was 0.629 (SE00.069, p01×10−7) sug-
gesting that about 63% of the variance in podoconiosis
is due to inherited genetics; the sibling recurrence risk

ratio was 5.07 indicating that siblings of an affected
person are at five times increased risk of developing
podoconiosis when compared to a randomly selected
individual in the general population; and the most par-
simonious model was an autosomal co-dominant major
gene with age and footwear as significant environmen-
tal covariates (Davey et al. 2007a). Two sample pedi-
grees are shown in Fig. 3. Recently, using the genome-
wide association study and family-based association
approaches, to identified the specific genetic variants
that confer susceptibility to podoconiosis (Tekola Ayele
et al. 2012).

Usefulness of familial factors to identify individuals
at “high risk” for podoconiosis

The non-genetic risk factors for podoconiosis (i.e., geo-
graphic, social, economic, and behavioral) are common-
ly shared by the majority of people that live in endemic
areas (Table 1). For example, in our case–control
designed genomics study on podoconiosis, the controls
were individuals that had long-term exposure to the red
clay soil (a minimum age of 50 years, no consistent use
of shoes, and lived in the endemic area for a minimum
of 25 years) yet did not develop the disease. An electron
microscopy microanalysis of the lymphatic tissues of
the lower limb of barefooted people identified no sig-
nificant differences in the content of particles found in
red clay soils between podoconiosis affected and unaf-
fected individuals (Price and Henderson 1978). These
observations indicate that the non-genetic risk factors,
while important in the development of podoconiosis,
lack the specificity needed to identify individuals at
“high risk” within endemic areas.

Key: Circle=female; Square=male; black filled circle or square=podoconiosis affected individual; grey filled
 cicle=unknown phenotype; number under symbol=age (if known)

Fig. 3 Two family pedigrees
from southern Ethiopia
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Interestingly, observations in Rwanda and Burundi
(Price 1976b) and the genetic studies described above
show that among individuals in a community or a family
that have common environmental exposure (i.e., barefoot,
subsistence farming community with similar socio-
environmental risk factors), only a subset with genetic
susceptibility develop podoconiosis. The interplay between
genetic and environmental factors in podoconiosis means
that this information can be used to refine primary preven-
tion by prioritizing interventions to individuals at “high
risk” in terms of a positive FHH. Several characteristics
of podoconiosis make it feasible to use FHH to identify
individuals at “high risk” of developing podoconiosis: (1)
there is evidence for a strong genetic component in podo-
coniosis as described above; (2) there is a need to prioritize
use of limited resources in podoconiosis endemic areas
towards individuals with the highest need; (3) most people
in endemic communities can accurately report family his-
tory of podoconiosis because of the distinctive features of
the disease (Fig. 1) (Desta et al. 2007) and the social stigma
suffered by affected families; (4) FHH of podoconiosis
captures most of the risk factors for the disease including
social, geographical, economic, behavioral (being unedu-
cated, employment history of subsistence farming, and not
wearing shoes which exposes them to the irritant soil), and
genetics (Table 1); and (5) the application of FHH for
predicting risk of developing podoconiosis meets most
recommended public health criteria including affordability
of the tool, public health relevance, and availability of

effective prevention methods (Wilson and Jungner 1968;
Yoon et al. 2002) (Table 2).

Genomics research informed a “high risk” approach
to prevent podoconiosis

The genomics research project (pedigree and genome-
wide association studies) to understand the genetic basis
of podoconiosis in southern Ethiopia included a commu-
nity outreach component that explored the best public
health approaches to tailor prevention efforts towards
“high risk” children in a resource poor environment. The
community outreach component of the genomics research
project involved two major areas: training fieldworkers
and providing health education to community members
with special emphasis on the role of regular wearing of
shoes and consistent washing of feet to prevent podoco-
niosis. The MFTPA fieldworkers were trained on the use
of a checklist to identify affected families, and a series of
sensitization and education sessions were conducted with
community members about the interacting roles of famil-
ial and environmental factors in the etiology of podoco-
niosis. The pedigree study and the community outreach
activities in the genomics research provided opportunities
for MFTPA to openly discuss the familial nature of the
disease during routine health education and awareness
raising campaigns targeting the community and health
professionals contributed to reduction of social stigma

Table 1 Risk factors for podo-
coniosis in endemic areas Factor Description Reference

Geography Altitude: high altitude >1,000 m above
sea level

(Davey et al. 2007b;
Price 1990)

Rainfall pattern and volume: seasonal
rainfall, >1,000 mm per year

Soil: irritant red clay soil derived from
volcanic rock

Socio-economic status Occupation: the majority are farmers (Price 1990; Destas
et al. 2003; Mengistu
et al. 1987; Kloos
et al. 1992)

Literacy: the majority are not educated

Household economy: the majority are
poor

Gender: males and females are equally
affected

Shoe-wearing behavior
(lifestyle)

The majority of patients are barefooted (Davey et al. 2007b;
Price 1990)

Familial factor/genetics Familial clustering, high heritability (63%),
high sibling recurrence risk ratio (5.1), the
most parsimonious genetic model being
autosomal co-dominant major gene with age
and footwear as significant environmental
covariates. Genome-wide association study
revealed significant susceptibility loci on
chromosome 6

(Price 1972; Davey
et al. 2007a; Tekola
Ayele et al. 2012)
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associated with the familial nature of the disease and the
erroneous prevailing belief that podoconiosis cannot be
prevented or controlled (Tekola et al. 2009; Dunlop and
Barlow-Stewart 2010).

The implemented educational program helped the com-
munity and the MFTPA fieldworkers understand that indi-
viduals at high risk for podoconiosis due to familial factors
should have priority for access to water and shoes. During
the research fieldwork, community members were given
education on the universal recommendation to wear shoes
in order to effectively prevent podoconiosis in endemic
areas; the fieldworkers were also trained to give priority to
children with positive FHH in resource-limited settings.
This facilitated familial risk-communication between
MFTPA and the community.

Implementation of the “high risk” approach
by the MFTPA

Following the evidence presented by the pedigree study, the
MFTPA introduced a special podoconiosis prevention pro-
gram that targets children at “high risk” for the disease in
Wolaita zone, southern Ethiopia where the prevalence of
podoconiosis is 5.5% (Destas et al. 2003). FHH was used
to stratify children into high and low risk based on the
average (general population) risk of developing podoconio-
sis. Children at “high risk” were operationally defined as

those aged <15 years, living in podoconiosis endemic areas,
and having a positive family history of podoconiosis in first-
degree relatives. Tailored FHH checklists were completed
by trained fieldworkers during patients' clinic visits or dur-
ing fieldworkers' home visits. All adult patients were asked
about the presence of children aged <15 years in the family,
the number of affected children if any, and the relationship
between the patient and the child. Identified children were
then included in the special podoconiosis prevention pro-
gram. Components of the program included (1) education
and counseling of household members about the relevance
of understanding FHH to prevent podoconiosis in children,
(2) education of parents to encourage children to consistent-
ly wear shoes and wash their feet, (3) advising children to
wear shoes during all waking hours including in non-
cemented in-door environments, and (4) provision of shoes
to children at regular time intervals, a strategy that would be
impractical at a population-wide level. Over two years, the
MFTPA distributed over 41,000 pairs of donated shoes to
children. The shoes provided were similar to other locally
used shoes so that children in the program would not be-
come targets for stigmatization marked by the type of shoes
they wear. Children were included in the program following
consent by their parents or legal guardians.

The MFTPA integrated the newly introduced genetic
(FHH)-based podoconiosis prevention strategy with the
existing population-wide prevention program that covered
individuals and families living in endemic areas. The

Table 2 Family health history criteria for predicting risk of podoconiosis in endemic areas

Criteria (Wilson and Jungner
1968; Yoon et al. 2002)

Podoconiosis Reference

Accuracy with which the
disease can be recalled

Progressive swelling and disfigurement of the lower legs; the
pattern of settlement and the strong family relationship in
rural Ethiopia keeps families closely connected minimizing
recall bias

(Price 1972; Davey et al. 2007b)

Prevalence of the disease
in the population

Has high prevalence (average 5%); prevalence higher than
that of HIV/AIDS, malaria, and tuberculosis in endemic areas

(Price 1972; Destas et al. 2003;
Mengistu et al. 1987; Kloos
et al. 1992; Alemu et al. 2011;
Geshere Oli et al. 2012)

Risk associated with family
history

Significant familial aggregation with an estimated risk genotype
frequency of 15–40%

(Price 1972; Davey et al. 2007a)

High heritability (63%), high sibling recurrence risk ratio (5.1)

Availability of effective early
detection and prevention
measures

Footwear and personal hygiene effective in prevention (Price 1990; Kloos et al. 1992)

No stigma associated with
being at above average risk

There is prevailing belief that podoconiosis has familial component.
The resulting stigma is immense. Currently, the level of stigma is
declining in southern Ethiopia because of community-based
education programs and unaffected people are now appreciating the
fact that podoconiosis is preventable with regular wearing of shoes
and proper foot hygiene

(Yakob et al. 2008;
Tekola et al. 2009)

Cost of the tool Family health history can be obtained during routine household visits
by existing fieldworkers/health extension workers or at clinic visits
by patients

(Davey and Burridge 2009;
Alemu et al. 2011; Datiko
and Lindtjorn 2009)
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population-wide prevention program entailed educational
messages relayed at community gatherings such as
churches, mosques, and schools to encourage use of foot-
wear by all individuals living in endemic areas. The educa-
tion stressed that podoconiosis is preventable, which helped
minimize stigma directed at affected families and children
recruited for the special prevention program. The
population-wide program strengthened the special preven-
tion program by facilitating identification of affected fami-
lies. This model is a practical illustration that the approach
of targeting certain groups (e.g., high-risk children) through
genomics may have an added value on existing population-
wide public health approaches (ten Kate 2005; Khoury et al.
2005). Furthermore, providing shoes to children has the
added advantage of aiding sustainability of prevention
efforts. This is so because early intervention may result in
sustained behavioral change through instilling the habit of
wearing shoes and washing feet on regular basis at the
formative years of children in the endemic areas. Notably,
provision of familial risk information reinforces these
efforts. In addition, prevention of podoconiosis by providing
footwear may enhance children's school attendance and
performance, which would otherwise be challenged by the
stigma and morbidity caused by the disease (Yakob et al.
2008; Tekola et al. 2009). In the long term, it is likely that
well-educated and economically empowered children will
be able to afford and use footwear as adult.

Policy recommendations—genomics tools
in “elimination” of podoconiosis

Despite the well-established knowledge that podoconiosis is
a non-communicable disease that can potentially be elimi-
nated (Davey 2008), no systematic approach has been de-
veloped to guide large-scale elimination efforts. In the short
term, elimination programs should focus on prevention of
disease onset (measured by reduction in incidence; Dowdle
1998). Although no formal cost-effectiveness evaluation
was conducted, FHH was used by the MFTPA to target
children at “high risk” and to optimize the scarce resources
available for prevention and elimination. Sustainability of
prevention programs through increased community and
government involvement, and large-scale application of
FHH will empower individuals and enhance public health
efforts to eliminate podoconiosis.

We recommend that as part of a program to eliminate
podoconiosis, the FHH approach should be expanded to
other endemic areas in Ethiopia through integration with
the rural health system. The health extension program of
the government of Ethiopia offers an untapped opportunity
to achieve this goal within a shorter time frame and at
minimal incremental cost. This government program is led

by the health extension workers (i.e., trained community
health workers) who visit rural households on regular basis
mainly to provide health education. Research showed that
involving health extension workers improved tuberculosis
case detection and treatment success rate (Datiko and
Lindtjorn 2009). We have demonstrated that health exten-
sion workers can successfully implement community-based
podoconiosis surveys in west Ethiopia (Alemu et al. 2011),
and can recruit patients into a start-up podoconiosis clinic
program in north Ethiopia. Therefore, this economically
efficient health worker system is well placed to identify
podoconiosis affected families and to support disease pre-
vention programs involving high risk children.

Conclusions

There are two key lessons from the experience presented in
this paper. First, we observe that large-scale genomics re-
search projects when coupled with community-based activi-
ties can positively influence the way prevention programs are
practiced. Second, the experience of the “high risk” children
prevention program showed that FHH is a helpful tool for the
identification and stratification of individuals most at risk for
interventions especially in resource-challenged settings.
Despite the current paucity of genomics data from popula-
tions of low-income countries such as those in Africa, there
are promising initiatives (e.g., the Human Heredity and
Health in Africa Project -H3 Africa, http://h3africa.org) that
can potentially generate useful data. However, “translation”
of genomics into clinical and public health practice for the
major diseases in low-income countries may take years
(Knoppers et al. 2010). In the mean time, FHH can be used
as a low-cost, simple, and readily available risk-stratifying
tool for optimizing resources to prevent disease. It is however
important to develop a systematic approach to evaluate the
clinical utility and validity of the FHH tool in different set-
tings. Furthermore, because of the genetic and socio-cultural
diversity of the African population (Campbell and Tishkoff
2008), it will be important to validate our experience in
different population groups. Overall, we posit that by using
genetic strategies such as FHH, public health practitioners
can enhance community-based intervention programs espe-
cially in resource poor settings.
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