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ABSTRACT.

Podoconiosis is a neglected tropical skin disease caused by a fault in skin
barrier function (SBF) combined with a genetic predisposition. Irritant
minerals and pathogens entering breaches in plantar skin cause an
inflammatory reaction and lower leg lymphoedema. This has a considerable
negative impact on the quality of life and economic status of some of the
poorest people in 20 countries. Podoconiosis is preventable and treatable

but not curable.

No previous pre/post controlled intervention studies on skin treatment for the
disease have been published. The aim of this randomised control trial (RCT)
was to evaluate the effectiveness of a low-cost evidence-based skin care
intervention to improve the SBF in the legs/feet and enhance disease related
quality of life. A pilot study (n=10) indicated that adding 2% glycerine to the
existing skin management regime used in Ethiopia could have a positive
effect on stratum corneum (SC) hydration levels and trans-epidermal water
loss (TEWL). The study recruited participants from two Ethiopian clinics
(n=193). The control group used the existing treatment regime: washing
legs/feet with soap, soaking in 6 litres of water with disinfectant added and
applying Vaseline®. The experimental group added a 2% dilution of glycerine
to 1/6 of the amount of soaking water and 0.0045% less disinfectant. After 3
months the experimental intervention had a highly significant positive effect
on TEWL (p=<0.001) and SC hydration (p=<0.002) compared to the control.
The reduction in foot circumference was highly significant (p=<0.001). There
was no significant group difference in Dermatology Life Quality Index
(p=0.907).

The study indicates the very positive effect on SBF of adding 2% glycerine
and less disinfectant to the current treatment. This finding offers a significant
contribution to the body of knowledge on the management of the disease.
The addition of 2% glycerine to treatment regimens may also have positive

effects on other skin diseases with compromised SBF.
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CHAPTER 1. INTRODUCTION.

As a nurse | have always had a particular interest in wounds and skin. In my
role as a district nurse assessing and dressing various wounds was
significant part of my job. Prior to management posts | was, at one time
Head of Tissue Viability Services in my county. In that post | completed a
Master of Philosophy degree on the prevention of leg ulcer recurrence in the
community. Following a holiday in Tanzania and learning about health care
in Africa | undertook a course at the London School of Hygiene and Tropical
Medicine. | then worked in a leprosy hospital in Ethiopia for a short while.
This was followed by working for 3 months a year over several years as a
voluntary nurse in the trauma and surgical ward of a rural hospital in
Uganda. Most of my work was dealing with large neglected and infected
wounds. | also taught wound care. During this time | became interested in
undertaking a research project on skin disease in a resource-poor country
and was fortunate in finding a University and a sponsor for the research.
After a further trip to Ethiopia and witnessing the mental and physical
suffering caused by podoconiosis | became intent in finding out if the current
treatment provided for those with this devastating disease was optimum. The
following section indicates the significance of this podoconiosis study and its

organisation.

1.1. SIGNIFICANCE OF THE STUDY.

Podoconiosis was first recognised as a type of non-filarial elephantiasis in
the 1930’s (Price 1976a). It is now acknowledged by the World Health
Organisation as a neglected tropical disease affecting millions of the poorest
people in the world (Davey, Bockarie et al. 2012). It is not contagious or
curable but it is treatable. Podoconiosis is endemic or has been reported in
more than 20 countries where areas of high rainfall and high altitude coexist
with volcanic soil and poverty including: Mexico, Guatemala, Costa Rica,
Brazil, Honduras, El Salvador, Nicaragua, Panama, Columbia, Ecuador,
Venezuela, India, Sri Lanka, Indonesia, Cape Verde, Equatorial Guinea, Sao
Tome and Principe, Kenya, Ruanda, Burundi, Tanzania, Uganda, Sudan and
Ethiopia (Figurel.l1).
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Figure 1.1. Countries where podoconiosis is endemic or reported

(Deribe, Tomczyk et al. 2013).

Renewed interest in the disease began in 2002 when Dr. Gail Davey, a UK
consultant dermatologist led a multi-disciplinary team into the disease and its
impact in Ethiopia (Deribe, Tomczyk et al. 2013). Subsequently most of the
research on podoconiosis has been conducted in Ethiopia. The disease is
caused by a fault in skin barrier function (SBF). Particles of minerals found in
alkaline, volcanic soil and pathogens enter via breaches in plantar skin
causing an inflammatory reaction; those affected by the disease are mainly
those who walk bare foot or with shoes providing insufficient protection
against soil.

The inflammatory reaction caused by the minerals and pathogens entering
skin results in skin swelling with subsequent damage to the superficial
lymphatics. This causes lymphoedema of the lower leg, venous
hypertension and further capillary leakage. Without intervention the condition
deteriorates. Recent research has indicated that a specific cytokine and
oxidative stress may have a role in the disease (Addisu, El-Metwally et al.
2010). Skin changes occur such as dryness, thickening, deposits of adipose
tissue, and nodules. Fungal infections which are often malodourous are
common; this odour plus the visible changes in the lower limbs results in

widespread social stigma. The stigma is compounded by a general lack of
14



knowledge about the disease among patients, health workers and the

general population.

Currently most outreach clinics treating those with podoconiosis in Ethiopia
are funded by non-government organisations (NGOs) such as Action on
Podoconiosis and Mossy Foot UK (Action on Podoconiosis Association
2014, Mossy Foot UK 2015). At the clinics patients are initially assessed and
data collected including the severity of the disease in terms of the disease
stage and lower limb circumference. Patients are taught the causes and
treatment of the disease. Current treatment consists of a daily programme of
leg/foot hygiene. It involves washing the legs/feet in soapy water, soaking
them in water with dilute bleach (sodium hypochlorite, NaOCI) added as a
disinfectant, drying, applying an emollient and if required an antifungal
cream. Patients are given a month’s supply of soap, emollient, NaOCI and if
necessary an antifungal. Patients return to the clinic monthly to collect their
supplies and to enable clinic staff to monitor their disease progression. A
pair of custom made leather shoes is supplied to those with grossly swollen

feet by both Mossy Foot and Action on Podoconiosis.

The International Podoconiosis Initiative launched in March 2012 aims at
bringing together all those involved in the prevention and treatment of
podoconiosis (Davey, Bockarie et al. 2012). It focused attention on the
disease resulting in increased research activity. In February 2012 the NGO
Action on Podoconiosis Association (APA) agreed a 3 year project for
Southern Ethiopia (Action on Podoconiosis Association 2012). The aims
included developing better treatment regimens. The PI linked with APA to
undertake this research which, although funded by Procter and Gamble was
independent.

The current skin regimen used in the clinics is effective at improving the
stage of the disease and lower leg circumference (Sikorski, Ashine et al.
2010). The effect on skin barrier function has however, not been formally
evaluated. To discover the effectiveness of each of the components
currently used to manage the disease the published literature was searched.

Searches were also undertaken to identify the most effective emollient
15



required to improve SBF. The emollient needed to be clinically effective, low

cost, skin safe and readily available in Ethiopia.

1.2. ORGANISATION OF THE THESIS.

The thesis is divided into six further chapters as follows:

Chapter 2 reviews the research on skin, skin disease, treatments used to
clean and improve the condition of skin. The current research on the causes
of podoconiosis, its prevalence and its profound affects both socially and
economically are examined. The current treatments used are then
discussed.

Chapter 3 focuses on the pilot study. This took place in the UK on a small
number of participants with xerosis of their lower legs using the current skin
care materials used in podoconiosis clinics plus a 2% dilution of glycerine. It
provided evidence for the use of glycerine in the research study and
statistical power calculations for the main study.

Chapter 4 details the research design. This includes the study population,
recruitment of participants, the interventions used, staff educational
programme and data recorded. The methods used for the data analysis are
also detailed.

Chapter 5 details the results of the analysis. The demographic profile of the
participants is reported including age, gender, occupation, time that they
have had the disease and type of shoe worn. The results over time of the
analysis of skin barrier function primarily trans-epidermal loss and stratum
corneum hydration at the specific points on the lower leg/foot are then
presented. This is followed by the results over time of the secondary
analysis of disease stage, mossy changes, presence of odour, number of
leg/foot wounds, lower leg/foot circumference number of work days lost due
to ADL, the relationship between the number of wounds and days lost due to
ADL and the quality of life of participants.

Chapter 6 introduces and discusses the study results. These are interpreted
and compared with other published studies. The validity and reliability of the
study is also discussed.

Chapter 7 provides the key conclusions of the pilot study and the
randomised control trial (RCT) which are summarised. Limitations and
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recommendations from the study are identified. Consideration is given to
how the findings will be disseminated and the implications for education,
research and clinical practice.
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CHAPTER 2. LITERATURE REVIEW.

2.1. INTRODUCTION.

This chapter is a focused review of the published literature. The literature
search strategy is presented in Appendix 1. The purpose of this was to
review previous relevant studies. The section provides a broad overview of
the impact of skin diseases in resource-poor countries. Next the current
research on the skin disease podoconiosis is presented including its nature,
prevalence, diagnosis, stages of the disease and the effects. The similarities
and differences between lymphatic filariasis and podoconiosis are then
discussed. This is followed by sections on the current knowledge of
podoconiosis prevention, current treatment, economic consequences, and
psycho-social impact. The challenges of providing skin care in resource-poor

countries are presented next.

Skin barrier function (SBF) is the most important factor in podoconiosis;
because of this a review of the current knowledge of SBF is then presented
and discussed. This includes related ethnic and gender issues, the effects of
skin diseases on SBF and strategies required for maintaining a healthy SBF.
The associated psychological stress and dermatology quality of life impact is
also discussed. Finally the key points of the literature review are
summarised and gaps in knowledge regarding skin treatments for those with

podoconiosis identified.

Podoconiosis is one of many skin diseases which occur in resource-poor
countries. The problem and significance of these diseases are discussed
next. The section is included in order to place podoconiosis in a global

context.

2.2. SKIN DISEASE IN RESOURCE-POOR COUNTRIES.

Skin disease represents one of the commonest causes of morbidity in

resource-poor countries but there is minimal knowledge concerning the
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dermatological needs of their populations. It is estimated that approximately
3 billion people living in the rural areas of 127 resource-poor countries are
denied the most basic skin care consisting of washing with soapy water and
drying (Hay, Fuller 2011). This is due to poverty, poor and often
overcrowded living conditions and the difficulty obtaining water. Skin disease
places a huge burden on health services; it may cause loss of work time with
a subsequent loss of income and can also result in social stigma and a
deteriorating quality of life. As well as being prone to the general skin
diseases afflicting people in the developed world those in the resource-poor
countries are also liable to specific tropical skin diseases. The situation is
exacerbated by a general lack of understanding regarding skin disease and
a shortage of trained health care professionals able to identity and treat skin

conditions.

The World Health Organisation published their first report on ‘Neglected
Tropical Diseases’ in 2010. These are a group of chronic disabling and
disfiguring conditions mainly occurring in conditions of extreme poverty
among the rural poor (WHO 2010). Over 50% of the 17 diseases identified in
the report affect the skin. They include Buruli ulcer, Chagas disease
(American trypanosomiasis), leishmaniasis, Hansen’s disease (leprosy),
lymphatic filariasis, onchocerciasis, trachoma and yaws. All these diseases
cause immense suffering but do not attract the level of funding given to
AIDS, tuberculosis and malaria. This is because they generally affect those
living in poverty in remote areas. They are often treatable but social stigma,
lack of access to health care facilities and a lack of financial resources
results in those with skin disease not seeking treatment. This leads to a lack
of prevalence data (WHO 2007). Due to the inaccurate data and because
there is frequently disability but little mortality in those with skin conditions
they are not prioritized within health systems. For example an Ethiopian
study of all 827 households in two communities stated the numbers with self-
reported skin disease was between 47% and 59%. A subsequent
examination by dermatologists of randomly selected households reported far
greater numbers. They stated that 67% of householders reporting no
disease had in fact significant skin disease (Figueroa, Fuller et al. 1998).

This lack of accurate information results in a lack of prominence at national
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and international level. Podoconiosis is a skin disease which has only
comparatively recently become prominent and it is the focus of the next
section. Its nature, significance and prevalence are discussed followed by a
section on its diagnosis, its effects and management, its prevention and the
knowledge of health workers, patients and communities on the disease. The
psycho-social impact of the disease and its effect on quality of life are then

reviewed.

2.3. PODOCONIOSIS.

Podoconiosis is a non-infectious form of elephantiasis (Molla, Le Blond et al.
2013). It is an entirely preventable disease which is sometimes called
‘mossy foot’ because of the visual presentation of moss like eruptions on the
skin of the feet. It was common in many countries in past centuries including
France, Ireland and Scotland (Price 1990). Due to improved hygiene levels
and the wearing of shoes it is no longer found in these areas but still exists
in some areas of tropical Africa, Central America, and northern India. These
are areas where red volcanic clay soils coexist with high altitude (above
1,000 m), high rainfall (above 1,000 mm annually) and low income (Price,
Bailey 1984). The alkaline clay contains irritant minerals such as silica.
Because of poverty or for traditional reasons farmers and other occupations
in these areas often do not wear shoes or wear those that provide little
protection against the mud in the rainy season and dust in the dry season
(Photograph 2.1).
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Photograph 2.1. An Ethiopian farmer ploughing barefoot.
-

As a result the feet to become dry, cracked and fissured allowing soll
particles and bacteria to enter the skin. There have been a number of recent
initiatives in the field of podoconiosis. These and the nature and significance
of podoconiosis are discussed in the next section. This is followed by a
discussion on the prevalence of the disease.

2.3.1. NATURE AND SIGNIFICANCE OF PODOCONIOSIS.

The word podoconiosis comes from the Greek word podos (foot) and kunos
(dust/earth). It was identified relatively recently by Ernest Price, a doctor who
in the 1970s realized that the earlier diagnosis of infectious elephantiasis
was incorrect. He recognised the cause as the exposure of bare feet to
mineral particles in irritant red clay soils derived from volcanic deposits
(Price 1976a). A published review identified 19 published peer reviewed
research articles with podoconiosis as their main topic in the period 1970 to
1990 and 10 from 1990 to 2007 (Davey, Tekola et al. 2007). A further 35
peer reviewed published articleswere identified between 2007 and

December 2014 with podoconiosis as the main topic. The 19 articles
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published in 2015 up to 15™ December which included information about

podoconiosis indicate a renewed interest in the disease.

In recent years many NGOs have become involved in helping those with the
disease including the Action on Podoconiosis Association, Footwork and
Mossy Foot UK (Action on Podoconiosis Association 2014, Footwork 2015,
Mossy Foot UK 2015). In 2011 podoconiosis was included in the World
Health Organisation (WHO) list of Neglected Tropical Diseases (Davey,
Bockarie et al. 2012). In late 2011 the first General Assembly of the
Ethiopian National Podoconiosis Action Network was held. This brought
together researchers, policy makers, clinicians and groups providing care for
those with podoconiosis. The network aims to share expertise and put
research into practice. It also aims to provide access to treatment for all
patients and prevent new cases of the disease via the provision of
adequately protective shoes. The Action on Podoconiosis Association (APA)
an NGO was established in 2012. It aimed at creating treatment sites in
three regions, treating 38,100 patients, providing vocational training,
providing micro-credit (small loans to allow business start-ups), increasing
awareness and transferring the projects to local government at the end of
the 3 years. One of the key activities to ensure these aims were metis ‘to
actively network and collaborate with national and international partners in
scientific research (e.g., identifying gene environment interaction, the role of
SBF) and the development of new and better treatment regimes (including
low cost water purifying technology and alternative cheaper emollients, etc.)’
(Action on Podoconiosis Association 2012). In 2012 due to the progress of
podoconiosis research in the previous 5 years ‘Footwork’ the International
Podoconiosis Initiative was launched aimed at bringing together all those
involved in the prevention and treatment of podoconiosis (Davey, Bockarie
et al. 2012). These initiatives have focused world attention on the disease
resulting in increased research activity. Discovering the prevalence of
podoconiosis is of key importance as it is vital to know the size of the

problem in order to focus finite resources. This is discussed next.
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2.3.2. PREVALENCE OF PODOCONIOSIS.

It was estimated that in 2010, 34.9 million people (43.8%) of Ethiopia’s
national population lived in areas environmentally suitable for the occurrence
of podoconiosis (Deribe, Cano et al. 2015). Three million people are
estimated to have the disease and 19 million to be at risk (22-24% of the

population) (Yimer, Hailu et al. 2015).

Three published prevalence studies were found which were undertaken
outside Ethiopia. The first was in Rwanda and Burundi, areas of high rainfall,
high altitude and volcanic soil where 26,606 adults were observed in 23
markets, nine of which were in Burundi. Of the 264 patients seen in clinics
131 were in Burundi and the reminder in Rwanda. A further 77 adults were
seen while travelling. Prevalence rates were 0.6% in Rwanda and 10% in
Burundi (Price 1976b).The second study was in Mount Elgon, Uganda an
area of high altitude (over 1500 metres above sea level), volcanic soil and
the absence of filarial infection. The overall prevalence in three villages was
4.5% with prevalence in those aged over 20 years of age of 8.2% (Opana,
Simonsen et al. 2001). The third was a cross sectional study undertaken in
the highland area of north western Cameroon, an area with high annual
rainfall. The study reported that 66 (8.1%) of 843 participants examined had
lymphoedema of the lower limb. Tests for microfilaria on the blood of 792 of
these participants were negative, indicating that the lymphoedema was of
non-filarial origin. Due to the high rainfall and high altitude of the area the

disease was presumed to be podoconiosis (Wanji, Tendongfor et al. 2008).

The World Health Organisation states that population-based surveys imply a
prevalence of 5-10% in barefoot populations living on irritant soil (WHO
2012). But, obtaining data on the numbers of those with skin disease is very
difficult due to a number of factors. Firstly there is a general lack of
knowledge in the community as well as a lack of qualified staff able to
identify the different skin diseases. Secondly the distances involved
travelling to health care services which are mostly on foot, and are often long
and difficult because of a lack of roads. Finally due to poverty there is a lack

of money to pay for diagnosis and treatment (Hay, Fuller 2011). An
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Ethiopian study reported that only 15% of those identified by a health care

worker with podoconiosis had received any treatment. The majority (446) of

those identified were from high or medium endemic areas (h=460) (Molla, Le

Blond et al. 2013). Therefore prevalence data are probably considerably
under-estimated. Studies of the prevalence of podoconiosis in Ethiopia are

reported next. These include the age and gender of those affected.

2.3.2.1. PREVALENCE OF PODOCONIOSIS IN ETHIOPIA, PATIENT’S AGE AND
GENDER.

Eleven published prevalence studies were undertaken 1969-2013. The
highest prevalence was 9.1% (Kloos, Bedri Kello et al. 1992) and the lowest
an average of 2.13% (Oomen 1969). Four of the six studies where gender
was recorded noted more females had the disease compared to males.

Details are in Table 2.1.
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Table 2.1. Studies of the prevalence of podoconiosis in Ethiopia.
Area Population Prevalence Age Gender Study
(years) authors
Ethiopian Attendees at 56 0.42%-3.73% - - (Oomen
markets markets Average 1969).
2.13%
Wollamo Attendees at 5 5.38% - - (Oomen
District, markets 1969).
Southern
Ethiopia
Nation- 115 rural 2.77% - - (Price
wide in schools 1974).
14
provinces
Ocholo Village long term 5.1% - - (Mengistu,
village, residents Humber et
Southern al. 1987).
Ethiopia
llubabor, Village long-term 9.1% 11- >60 Higher (Kloos,
Western residents n=222 prevalence in Bedri Kello
Ethiopia males (no et al. 1992).
details)
Pawe, 3villages n 7% - - (Birrie,
Northwes =1,900 Balsha et
t Ethiopia al. 1997).
Wolaita Population 5.4% 64% 16-64 Ratio of 1. (Destas,
region, based survey of males to 0.98 Ashine et
Southern 4120 female al. 2003).
Ethiopia households (reflected the
n=33,678 from gender ratio of
an estimated the region)
population 1.6
million
Gulliso Household 2.8% 90.3% 15-64 Ratio of 1male (Alemu,
District, survey of 26 Mean age to 2.6 females Tekola
Western villages. n=1,935 40.7 Ayele et al.
Ethiopia 2011).
Midaken Two villages 7.4% Average age 1:1 (Getala,
District, n=5,590 of onset 25.8 Fasil-
Central Tekola et
Ethiopia al. 2012).
East and Survey of 17,553 3.3% 87% in Podoconiosis (Molla,
West households in 20 economically patients Tomczyk et
Gojam kebeles active age interviewed al. 2012a).
regions, in two districts group 15-64 (n=1,319), 649
Northern with 51,017 of females, 670
Ethiopia population >15 males
years of age.
Structured
interview of
1,704
participants with
podoconiosis.
Bedele House to house 5.6% 76% in 6.6% females, (Tekola
Zuria survey of 2285 economically 4.7% males Ayele,
district, households in 5 active age Alemu et al.
Western randomly group 15-64 2013).
Ethiopia selected villages
Survey of Cross sectional 4% 85.8% in 58% females, (Deribe,
659 of the community economically 42% males Brooker et
817 based study active age al. 2015b).
wordea using cluster group 15-65
(districts) sampling.
in ldentified 5,253
Ethiopia people with
podoconiosis
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There is conflicting evidence on whether or not podoconiosis is gender
related (Table 2.1). In the Destas study 10% of women were not willing to be
examined because of modesty resulting in an under-estimate of the numbers
of women affected (Destas, Ashine et al. 2003). This may also have been a

factor in other prevalence studies.

The low prevalence of 2.8% in the Gulliso district was thought to be due to
only those with overtly swollen legs being reported by the head of the
household. The stigma surrounding the disease may also have prevented
patients identifying themselves (Alemu, Tekola Ayele et al. 2011). The
different study results may also be due to different shoe wearing practices or
to other as yet unknown factors. All the major community-based studies
reported the onset of symptoms before 20 years of age with a progressive
increase in podoconiosis prevalence up to 60 years of age. The diagnosis of
podoconiosis including the differential diagnosis and various clinical stages
of the disease are discussed next.

2.3.3. DIAGNOSIS AND STAGES OF PODOCONIOSIS.

The diagnosis of podoconiosis is based on the location, history, clinical
findings and the absence of microfilaria on an antigen immunological card
test. The disease starts in the foot and progresses up the leg to the knee
rarely involving the groin. This helps to differentiate podoconiosis from
lymphatic filariasis. It is also distinguishable from the lymphoedema found in
leprosy by the presence of sensation in the feet, the lack of thickened nerves
and involvement of the hands (Davey, Newport 2007). Common symptoms
in the early stages of the disease are:

. Intermittent intense burning or itching of the one lower leg/foot at night. This
may follow a long walk and/or alcohol ingestion. Pain extending into the
thigh possibly associated with tender femoral lymph nodes or fever (ADL).
The attacks resolve spontaneously or after a few days of rest and limb
elevation. Subsequent episodes typically affect the same limb which gradual
increases in size. Onset in the other leg may not occur for months or years.

. ltching of the dorsum of the foot with continuous or intermittent itching often

over first two web spaces. Repeated scratching leads to skin thickening and
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may also cause skin breaches allowing entry of pathogens causing
secondary infection.

. Knocking together of the big toes during walking due to spreading of the
forefoot is an early sign of foot lymphoedema (Fuller 2013).

In advanced disease there is soft fluid (‘water bag’) or hard fibrotic (leathery)
swelling often associated with multiple hard skin nodules. The patient’s
legs/feet are often malodorous because of infected lesions from trauma and

fungal infections between the toes and in skin folds.

In order to determine disease severity a staging system is used. This has
been adapted from the seven stage system which was developed for use on
those with filarial lymphoedema (Dreyer, Addis et al. 2002). Because its use
in those with podoconiosis was found to be inaccurate a simpler five stage
system was developed specifically for those with podoconiosis (Tekola,
Ayele et al. 2008). Four field tests were performed with 119-146 patients
examined during each field test. Between field tests the staging system was
reviewed by two international experts. Stage 1 is identified as foot swelling
which is reversible during the night with progression increasing at stages 2,
3 and 4. At stage 5 there is joint fixation of ankle or toes and swelling at any
place in the foot or leg. The staging also allows for the recording of mossy
changes and the greatest below knee circumference. The final version of the
staging system which has good inter-observer agreement and repeatability

is presented in Appendix 4.

A study of skin tissue examined ten nodular specimens from each of ten
people with stages 2-5 of the disease (Wendemagegn, Tirumalae et al.
2015). Five of the tissue samples were from the dorsum of the foot, four from
the dorsum of the toe and one from the plantar surface of the toe. All
showed thickening of the skin, warty lesions and papillomatosis with
collagen bundles thickened and elastic fibres drastically reduced. Eccrine
ducts were hyperplasic (increased amount of organic tissue) with
hyperkeratotic nodules or plaques involving the extremities of eccrine origin
and miliaria (sweat rash). The blood vessels were dilated and enlarged and
often sclerotic lymphatics were reduced but generally not dilated.
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The inflammation which occurs in podoconiosis as a result of minerals and
pathogens entering the skin affects both the skin and the lymphatic system.
The impact of this is discussed in the next section.

2.3.4. EFFECTS OF PODOCONIOSIS ON THE SKIN AND LYMPHATIC SYSTEM.

The minerals smectite, mica and quartz (crystalline silica) within the soil are
associated with areas of podoconiosis prevalence (Molla, Wardrop et al.
2014). Silica particles have been found in the femoral lymph nodes of those
with podoconiosis as well as those who do not have the disease (Price 1977,
Price, Bailey 1984, Price, Henderson 1978). Silica and bacteria are both
particles which can enter skin through defects in the SBF caused by dry
cracked skin or trauma. The entry of these foreign bodies causes
macrophages and neutrophils to be activated as a defence mechanism. T
lymphocytes attack these antigens directly and release chemicals, known as
cytokines which control the immune response. Some cytokines can increase
up to 1,000-fold during trauma or infection (Cannon 2000). Silica particles
are also known to interact with the cell membranes of many mammalian
cells, including erythrocytes causing haemolysis (Gerashchenko, Gun'ko et
al. 2002, Thomassen, Rabolli et al. 2011, Pavan, Tomatis et al. 2013). As
part of the body’s defence mechanism the damaged cells release chemicals
including histamine, bradykinin, and prostaglandins. Histamine is produced
by basophils and mast cells found in connective tissue. Mast cells are found
in close vicinity to epidermal and hair follicle keratinocytes, blood vessels
and sensory nerves (Metz, Stander 2010). They are concentrated in areas
that interface with the external environment and are especially numerous at
sites of potential injury such as the feet (Prussin, Metcalfe 2003). Histamine
increases the permeability of the capillaries to white blood cells and some
proteins allowing them to move into the tissues and engage with pathogens.
This increased permeability also allows fluid to leak into the tissues causes
swelling and pain. The swelling disrupts the normal lymph flow in the
epidermis which also collects in the tissues causing further swelling. Some
of this lymph finds alternative deeper lymph pathways in the dermis which
eventually connect to larger lymph vessels. This secondary system however;

will fail if overloaded and protein rich interstitial fluids which are unable to
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drain cause feet and legs to swell with fluid even further (Vagas, Ryan
2001). The subsequent rise in interstitial osmotic pressure pulls more fluid
from the capillaries into the tissues resulting in lymphoedema.The high
protein content in the lymphatic fluid in the tissues leads to trophic skin
changes. These include loss of hair, dryness, hyperkeratosis (thickening of
the skin), deposits of adipose tissue, and papillomatiasis (nodules containing
dilated lymphatics and fibrous tissue) (Lymphoedema Framework 2006).

Venous hypertension is present in those with lymphoedema and
inflammatory skin disease due to infections (Vagas, Ryan 2001). The
swollen feet/legs in those with podoconiosis restrict ankle movements and
walking may become difficult. This exacerbates the problem of venous
hypertension because normally veins in the legs are emptied during normal
walking. During normal walking dorsi-flexion and plantar flexion occurs
causing the muscles in the legs to compress. This pushes blood upwards
from the leg/feet back towards the heart reducing venous pressure. When
this mechanism is compromised, high volumes of blood remain in the veins

causing further venous hypertension and swelling (Vagas, Ryan 2003).

Standard treatment for lymphoedema in the developed world is likely to
consist of compression hosiery with advice on skin care and exercise
(Preston, Seers et al. 2008). Lymphatic massage is another therapy that
may be used. In the treatment of lymphoedema in podoconiosis Ryan
suggests that ‘restoring SBF and venous function is the top priority and
lymphatic massage and/or pressure bandaging is probably not that important
in the early stages’ (Ryan 2012). To ensure their safe application pressure
bandages require expertise and the exclusion of hypertension and arterial
disease. As neither of these is routinely assessed in podoconiosis clinics,
pressure bandages are not routinely used. They are also expensive and

require frequent washing and replacing on a regular basis.

Lymphoedema results in enlarged feet and legs so measuring leg/foot
circumference is an important method of determining disease severity. In a
study in Ethiopia the leg/foot circumference of podoconiosis patients (n=53)

was quantitatively measured and compared to controls (n=16) (Ferguson,
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Yeshanehe et al. 2013). The average foot/leg ratio of those with
podoconiosis was 0.89 and that of the controls 0.75. The foot/leg ratio of
those with podoconiosis compared to controls was 1.19, 95% CI (1.11 to
1.28), p=0.001. This indicated a significant increase in the ratio of the mean
foot/leg circumference of those with podoconiosis compared with controls.
Essentially those with podoconiosis had very swollen feet compared with the
size of the rest of their lower leg when compared with the control group. The

low numbers in the control arm of the study may have affected results.

Foot/toe oedema causes the toes to be in very close proximity and difficult to
move. The areas between the toes, the tightly packed nodules and the skin
folds which are often present create niches which provide the warm, wet
conditions where micro-organisms especially fungi and yeasts can thrive.
Without attention to hygiene, local infections and/or cellulitis may result with
consequential further oedema and exacerbation of the disease. In Tigray,
Northern Ethiopia 14 males and 4 females (mean age 42 years) with
podoconiosis were observed over a five years period. On presentation six of
these (1/3) had superimposed bacterial and fungal infections (n=18)
(Morrone, Padovese et al. 2011). A further northern Ethiopian household
survey reported the presence of open wounds in at least one leg in 53% of
patients (n= 1319) (Molla, Tomczyk et al. 2012a). No specific details on the
definition of an ‘open wound’ the sites or extent were given. In a further
recent study of patients reported lost to follow-up, 34 (17.8%) of participants
had wounds on their feet at the time of interview (n=191) (Campion, Tamiru
et al. 2015).

Scarification marks have been frequently noted at the Mossy Foot clinics in
Sodo, Southern Ethiopia (Ryan, Fuller et al. 2011). These are the result of
traditional healers cutting the skin to let the ‘badness’ out. This cutting
causes damage to the superficial lymphatic system and may lead to infection
and disease progression. The progression of lymphoedema in podoconiosis
is illustrated in Figure 2.1.
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Figure 2.1. Development and cycle of progression of lymphoedema in

podoconiosis.

Blocking of lymphatics causing
worsening lymphodema in lower
leg, high protein content of lymph

resulting in trophic changes to

skin (mossy eruptions,
hyperkeratosis, nodules and
weakening of skin barrier).

Skin swelling with damage to
superficial lymphatics. Lymph
distributed along upper dermal
network instead of epidermal

Breach in skin of feet of those in
contact with alkaline volcanic soil
containing silica. Breaches caused

by trauma or the effects of dry
skin. Silica and bacteria enter skin.

Subsequent inflammatory response
with activation of macrophages,
leucocytes and cytokines.
Histamine produced by basophils
and mast cells. This increases
permeability of capillaries to white

network resulting in blood cells and some proteins,
lymphoedema, venous hypertension allowing them to engage with the
and further capillary leakage. pathogens. Bradykinin and
prostacyclin cause blood vessels to
dilate.

Without therapeutic intervention this cycle is unrelenting with increasing
lymphoedema and skin changes. New research evidence suggests that
podoconiosis is the result of a genetically determined abnormal inflammatory
reaction (WHO 2012). In the study molecular pathogenetic events were
explored in 50 patients with early clinical stage podoconiosis and 43 patients
with advanced stage disease. They were compared with 35 local healthy
controls (Addisu, El-Metwally et al. 2010). Stages of the disease were
identified using the 5 stage system (Tekola Ayele et al. 2008). Compared
with healthy controls, patients with early stage disease showed higher mean
levels of oxidative stress (p=<0.01) and lower mean concentrations of
transforming growth factor beta 1 (TGF-p1) (p=<0.001). Mean levels of TGF-
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B1 were even lower among patients with advanced stage disease
(p=<0.001). Mean total antioxidant levels were also significantly lower
among patients with advanced disease than either other group (p=<0.001).
Oxidative stress is the name given to the cumulative results of significant
damage to cell structures, such as lipids, proteins and DNA by free radicals
(Devasagayam, Tilak et al. 2004). Some anti-oxidants are produced by the
body (anti-oxidant enzymes) while others are obtained from the diet
(Vitamins E, C and Bcarotene). The study suggests that the development of
podoconiosis is due to a faulty immune system and that TGF-1 may have a
pathogenetic role in both early (stages 1-3) and late stage disease (stages
4-5) with oxidative stress having a lesser role in early stages of the disease.
TGF-B1 which is secreted by most leucocytes is a polypeptide member of
the TGF family of cytokines. It plays an important role in controlling the
immune system and a large role in the control of autoimmunity (Jin,
Almehed et al. 2012).

A later genome-wide association study in southern Ethiopia of 194 patients
with podoconiosis and 203 controls showed a familial clustering with high
heritability (63%) (Tekola, Adeyemo et al. 2012). The sibling recurrence risk
ratio was 5.07 signifying that an affected person’s siblings have an increased
risk of podoconiosis five times that of a randomly selected person from the
general population. The researchers concluded that the disease might be a
T cell-mediated inflammatory disease. T cells (T lymphocytes) are a
category of lymphocytes that play a central role in cell- mediated immunity.
Cell-mediated skin diseases are chronic disorders with high-social impact.
They include psoriasis, contact dermatitis and atopic dermatitis (Pastore,
Korkina 2010). A Northern Ethiopian study reported that nearly half of cases
(54.8% of men, 52.1% of women) had a family member with podoconiosis
(n=480) (Molla, Le Blond et al. 2013). However, the precise cause of the
immune response in podoconiosis patients remain unknown requiring further

research.

The first published study on SBF in those with podoconiosis was an
Ethiopian study which compared the SBF of those with podoconiosis (n=55)

to controls (n=20) (Ferguson, Yeshanehe et al. 2013). SC hydration was
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measured with a corneometer and TEWL with an evaporimeter. At the thigh
the average TEWL ratio of podoconiosis v control was 0.92, 95% CI (0.73 to
1.16), p=0.49. At the shin the average ratio of podoconiosis v control was
1.01, 95% CI (0.83 to 1.23), p=0.93. At the foot the average ratio of
podoconiosis v control was 0.84, 95% CI (0.65 to 1.09), p=0.18. These
results indicate no group difference in TEWL at any of the measurement
sites.

At the thigh the average SC hydration ratio of podoconiosis v control was
0.83, 95% CI (0.66 to 1.04), p=0.11. At the shin the average SC hydration
ratio of podoconiosis v control was 0.75, 95% CI (0.57 to 0.99), p=0.046. At
the foot the average SC hydration ratio of podoconiosis v control was 0.61,
95% CI (0.44 to 0.84), p=0.004. This indicates significant differences
between the two groups in SC hydration at the shin which were even more
marked in the foot. The differences lessened moving up the leg. This
reduced SC hydration in the feet/legs of podoconiosis patients compared
with controls may well lead to skin cracking and splitting increasing the risk
of infection and exacerbation of lymphoedema. The numbers were different
in each arm which may have affected results and larger numbers may have
detected a greater difference. The following photographs 2.2, 2.3, 2.4, 2.5
taken in Ethiopia indicate the effects of podoconiosis on the lower legs/feet.
The first three photographs are by kind permission of the Action on

Podoconiosis Association
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Photograph 2.2. Patient in Ethiopia podoconiosis exhibiting foot/leg

oedema and hyperkeratosis.

Photograph 2.3. Feet of podoconiosis patient in Ethiopia displaying

oedema of the foot, mossy changes, fibrosis and fused toes.

34


http://www.actiononpodo.com/uploads/1/2/1/1/12118405/4846681_orig.jpg?328
http://www.actiononpodo.com/uploads/1/2/1/1/12118405/1127571_orig.jpg?450

Photograph 2.4. Feet of patients in Ethiopia presenting with oedema,

hyperkeratosis, nodules, fused toes, mossy changes and ulceration

due to ill-fitting shoes.

Photograph 2.5. Podoconiosis patient exhibiting oedema, fused toes,
hyperkerototic changes, deep fissures, mossy changes, fungal
infection, inflammation and ulceration due to ill fitting shoes.

e ~Zg
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Those with podoconiosis may be affected by episodes of acute
adenolymphangitis (ADL). This manifests itself as recurring acute episodes
of leg pain, fever and inguinal swelling. During the attacks patients are
bedridden and unable to walk or work for several days. ADL prevalence, its

causes and consequences are the focus of the next section.

2.3.5. ACUTE ADENOLYMPHANGITIS IN PODOCONIOSIS.

A prevalence study in western Ethiopia reported ADL at least once in the
previous year in 97% of patients with an average of 5.5 episodes annually.
Open wounds were present in 7.2% of patients. On average 24 working
days were lost due of ADL per year (n=335) (Alemu, Tekola Ayele et al.
2011). In a northern Ethiopian prevalence study ADL was present in 49.8%
of those with podoconiosis at the time of interview. The leg was hot (49.8%),
tender (60.2%) with swelling and inguinal lymphadenopathy (62.1%). On
observation 13.9% of feet were both cracked and dirty. An average of five
episodes of ADL per year confined patients to bed an average of 90 days.
ADL episodes were reported to be related to walking long distances (72.2%)
and 54.5% of participants stated that they occurred more often in hot dry
seasons while 20% said that they were not season specific (h=1319) (Molla,
Tomczyk et al. 2012a). A later Ethiopian study of the reasons for loss to
follow-up stated that 26 participants (13.6%) reported weekly ADL attacks,
33 (17.3%) 2 weekly, 68 (35.6%) every month, 22 (11.5%) every 3 months
and 6 (3.1%) every 6 months. Wounds were visible on 17.8% of feet (n=191)
(Campion, Tamiru et al. 2015). The numbers reporting episodes every one
or two weeks was 101 (52.9%) seems very high compared to the other
studies. The reason for this is unclear. The only published study found on
the relationship between open wounds and ADL reported high correlations
with (t=2.6, p=0.009) and without (t=-2.1, p=0.037) adjustment for clinical
stage (n=460) (Molla, Le Blond et al. 2013). The definition of a ‘wound’ was
not reported in any of the studies and may or may not have included areas
of fungal infection. This may have affected the number of ‘wounds’ reported
and also contributed to the variation in the relationship between the number
of ‘wounds’ and episodes of ADL. Currently a greater amount of research

has been undertaken on the association between wounds and ADL in those
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with lymphatic filariasis (LF) than on those with podoconiosis. The studies

are reported in the succeeding section.

2.3.6. ADENO-LYMPHANGITIS IN LYMPHATIC FILARIASIS.

LF is caused by filarial parasites transmitted by mosquito bites. The filaria
cause inflammation and block the lymph channels in the feet and legs. The
following Table 2.2 identifies the characteristic differences between

podoconiosis and LF.

Table 2.2. Differences between podoconiosis and lymphatic filariasis
(Amberbir, Tamiru et al. 2014).

Characteristic Podoconiosis Lymphatic filariasis
Area of residence >1500 m above sea level <1000 m above sea level
Mean age of onset 10-20 years 25-30 years
Relation to natural history Initial symptom Late complication
Site of first symptom Toes and foot Any part of limb except

foot

Local lymphadenitis Follows swelling of limb Precedes swelling of limb
Typical site of swelling Distal, below knee Above and below knee

In patients with LF a significant relationship has been identified between the
number of ADL attacks, the grade of oedema and the focus of infection in
the affected limb (Shenoy, Sandhya et al. 1995). Infections were identified in
28 of the 65 patients with ADL. Patients were randomly allocated to one of
four treatment regimens. These were: symptomatic alone, symptomatic plus
antibiotics, symptomatic plus diethylcarbamazine (DEC) an anti-filarial drug,
symptomatic plus DEC and antibiotic. Neither antibiotics nor DEC altered the
frequency of ADL occurrence. It was also noted that ADL contributed to
disease progression and that simple hygiene, foot care and topical
antibiotics/antifungals given when required were effective in reducing ADL. A
prospective analysis of patients with LF reviewed two treatments (n=600)
(Dreyer, Medeiros et al. 1999). ADL was present in 97% of patients. ADL did
not improve with DEC but did improve with good hygiene which reduced leg
oedema and softened the skin. A further study noted that none of the
patients (n=47) without entry lesions had ADL but 75/80 patients (93.8%)
who had one or more entry sites on the affected limb also had ADL. Most of
the lesions were minor injuries (57.3%) but all skin breaches were included

(n=127) (Suma, Shenoy et al. 2002). A case controlled study of interdigital
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lesions in those with lymphoedema due to LF reported that the number of
lesions was the highest predictor of ADL (n=73). The mean number of
episodes of ADL in the previous year increased from a mean of 0.7 in those
with no lesions to a mean of 3.6 in those with eight lesions (McPherson,
Persaud et al. 2006). In a double blind placebo controlled study those who
had previously had ADL were studied over a two year period. Patients were
randomly allocated to receive 12 monthly doses of lvermectin or DEC (the
usual treatment for filariasis) or a placebo in addition to local treatment over
twelve months. There was no significant difference in frequency of ADL
attacks in the three groups (n=120) (Shenoy 2008). Bacteria can be cultured
from the tissues, lymph and lymph nodes of those with ADL and each
episode of ADL results in a worsening of lymphoedema (Mortimer 2000). All
the studies indicate that bacteria gaining entry via skin breaches are related
to ADL attacks in LF and that oral medication with filarial drugs is not
effective in preventing or treating ADL despite killing the nematode. A daily
regimen of foot/leg hygiene is therefore the most important therapy in
preventing and treating ADL. The following section reviews in more detail the
daily foot/leg hygiene treatment used for the prevention and management of

podoconiosis.

2.3.7. PREVENTION AND MANAGEMENT OF PODOCONIOSIS.

Research indicates that podoconiosis results in high social and economic
cost but can be prevented, controlled and treated with low cost interventions
(Tekola, Mariam et al. 2006, Henok, Davey 2008, Morrone, Padovese et al.
2011). The early stages of the disease can be reversed by simple foot
hygiene and wearing shoes (Tekola, Mariam et al. 2006). To avoid
progression of the disease patients must adhere to the regime for the rest of
their lives (Davey, Tekola et al. 2007). For those with advanced disease their
legs and feet have been shown to improve significantly if a daily treatment
regime is followed but it may not be possible to regain completely normal-
looking legs and feet. In Ethiopia podoconiosis is treated with a daily
regimen of. washing of the feet and legs with soap, water and dilute bleach,
the application of Whitfield’s ointment for fungal infections and the

application of an emollient. Compression bandaging is used in some clinics
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for selected patients and elevation of the legs at night and wearing shoes
and socks encouraged (Henok, Davey 2008, Yakob, Deribe et al. 2009,
Sikorski, Ashine et al. 2010, Morrone, Padovese et al. 2011). The
succeeding Table 2.3 provides information and a critique on the current
practices in APA clinics and Mossy foot clinics. These are the predominant

clinics treating podoconiosis patients in Ethiopia.
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Table 2.3. Current regimens used for treating podoconiosis in APA and Mossy Foot clinics, their rationale and issues

(Lienhart, Ashine et al. 2010) and the principal investigator’s observations of APA and Mossy Foot clinics in 2012).

Regimen Rationale APA Mossy Foot Issues
regimens regimens and
discussion
Baseline To identify:-burden Record stage of disease, mossy Record stage of disease, The quality of the information collected may
assessment form of disease, clinical changes. mossy changes and vary depending on the accuracy of the person
completed stage of disease, presence of wounds. giving the information and that of the data
changes over time, collector in recording the information.
monitor behaviour.
Monthly clinic To monitor disease Monthly clinics available. Monthly clinics available. Long distances to walk resulted in clinic non-
attendance progress, obtain Home visits available by attendance (Tora, Davey et al. 2011). Long
supplies and treated patients who have walks related to ADL (Molla, Tomczyk et al.
support. undergone training. 2012a).
Educational To improve patients Nurse provides 15-20 minute The educational A meta-analysis of 153 published studies
programme understanding of educational/practical session to programme is taught by 1977-1994 noted that combinations of

treatment and
causes of
podoconiosis.

patients on 1st visit. Sessions
repeated at subsequent visits.
Patients taught to follow the

regime every evening.

other podoconiosis
patients who have
undergone training.

strategies including education, behavioural
and affective strategies were the most
effective at improving adherence (Roter, Hall
et al. 1998). A systematic review of adherence
in long term conditions to self-administered
medication reported interventions that were
most effective included patient information,
reinforcement and support (Nieuwlaat,
Wliczynski et al. 2014).
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Regimen Rationale APA Mossy Foot Issues
regimens regimens and
discussion
Support from other To lessen stigma, Available Available Social support provides knowledge and is

patients

feeling of isolation
and learn from each
other. Seeing the
effectiveness of
treatment in others
(Bandura 1997,
Bandura, Locke
2003).

likely to encourage self-efficacy. Seeing others
manage their disease and achieve
improvements gives confidence that they too
can succeed in improving their condition
(Bandura 2004).

Importance of daily
washing of feet and
legs with soapy
water taught during
educational
programme.
Patients are given a
month’s supply of
soap at each visit.

Removes soil and
organic material.
Soap acts as an
emulsifier allowing
oil and water to mix
so that oily grime
can be removed
during rinsing.
Skin care is
recommended in
lymphoedema to
optimize skin
condition, treat
complications
caused by
lymphoedema and
minimize infections
(Preston, Seers et
al. 2008).

Demonstration at 1% and
subsequent clinic visits. Feet are
washed with soap for up to 10
minutes depending on the degree
of soil contamination. In the clinics
a small piece of gauze was used
to wash between toes and skin
folds.

Soap originally used had pH 10
and contained silica rich particles,
~ 1% glycerine and 50% fatty
acids as C16 and iron rich
particles (Procter and Gamble
laboratory analysis 2013
(Appendix 5). C16 is a vegetable
or animal fat. In this instance it is
an animal fat derived from tallow.
Following this analysis and prior to
the study the soap used in the
clinics was changed to a more
refined ‘beauty soap’ containing
palm and coconut oil with pH 8.5.

Demonstrations -feet/legs
are washed with local
soap and rinsed in fresh
water. pH of soap variable
depending on local
availability.

Prolonged water soaks dehydrate skin. Soaks
should be less than 30 minutes daily (Ramsing
1997). The water used should be near body
temperature (Beradesca, Vignoli et al. 1995).
To avoid the introduction of infections via skin
breaches water should be of drinkable quality
(Fernandez, Griffiths 2008). In LF patient
93.8% of those with ADL had lesions on the
legs (Suma, Shenoy et al. 2002). Hygiene has
been shown to significantly reduce ADL in LF
patients (Shenoy, Sandhya et al. 1995,
Shenoy 2008). Soap is currently the most
commonly used cleansing agent. It removes
dirt and oils (Ananthapadmanabhan,
Subramanyan et al. 2013). All tests of soap
indicate that frequent exposure induces barrier
damage and skin dryness followed by
inflammation (Wolf, Parish 2012).Most soap
has a pH of 7-10 which alters skin pH making
it more susceptible to pathogens and is
detrimental to SBF. Further details on the use
of soaps for skin cleansing are in Section
2.6.1.2.
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Regimen

Rationale

APA
regimens

Mossy Foot
regimens

Issues
and
discussion

Bleach (5% sodium
hypochlorite,
NaOClI) is added to
the soaking water.
Patients are given a
month’s supply at
each visit

Water not of drinkable
quality and contains
pathogens. NaOClI is
added for bactericidal
properties.

After washing feet soaked in
another bowl containing 15mls
of 5% NaOCI diluted in
approximately 6 litres (not
accurately measured) of local
water (~0.0125% dilution, pH =
8) for approximately 30
minutes to remove pathogens.
The solution is frequently
splashed onto the whole leg
below the knee with the hands.

The amount of NaOCl is
measured with the bleach cap
which contains 10mls.

After washing and rinsing
feet/ legs soaked for 15
minutes in 2 litres local
water containing 5 mis of
5% NaOCI (0.0125%
dilution). The solution is
frequently splashed onto
the whole leg below the
knee with the hands.

The quantity of water is
measured with a jug.

In vitro tests on solutions of 0.5% NaOCI had
a total bactericidal effect on Staphylococcus
Aureus, Pseudomonas aeruginosa,
Escherichia coli and Streptococcus faecalis
while solutions of 0.00025%-0.5% had a
partial effect, 24% of fibroblasts were viable
after exposure to a 0.025% solution and
98.9% after exposure to a 0.003% solution
(Hidalgo, Bartolome et al. 2002). Fibroblasts
are necessary for tissue repair so adding
NaOClI inhibits wound healing. In another
study the lowest NaOCI concentration at
which Pseudomonas aeruginosa was killed
was 0.003%, for Staphylococcus aureus it was
0.006% and for Staphylococcus pyogenes
0.0015% (Coetzee, Whitelaw et al. 2012).
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Regimen

Rationale

APA
regimens

Mossy Foot
regimens

Issues
and
discussion

Vaseline® applied
after washing,
soaking and drying.

SC hydration and
improving TEWL and

SBF.

Vaseline® applied in a thin layer
to legs below the knee. 100g
supplied monthly.

Vaseline® is an occlusive which when
applied after an emollient acts as sealant
locking moisture in the skin. It has been
found to be 100% effective as a skin barrier
reducing TEWL when applied at a rate of
3mg/cm? (Teichmann,Jacobi et al. 2006).
An investigation of forearms noted TEWL
lower on the sites using Vaseline® at a rate
of 2mg/cm? than in the control site (p=0.05)
(n=10) (Marques, Basso et al. 2007). In
tests of three barrier creams on 2 areas of
the forearms of 6 men only Vaseline® was
shown to be a 100% barrier when
measured by laser scanning microscopy,
laser doppler flowmetry and tape stripping
(Rieger, Teichmann et al. 2007). Vaseline®
at a rate of 2mg/cmz2 was used as the
control in a study of the skin penetration of
oil. The area covered with Vaseline®
showed the highest decease in TEWL
(p=0.05) (Patzelt, Lademann et al. 2012).
Clothing may remove the layer Vaseline”.
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Regimen Rationale APA Mossy Foot Issues
regimens regimens and
discussion
Whitfield’s ointment Fungal infections are Use Whitfield’s ointment daily Apply Whitfield’s ointment | A double blind trial in Malawi (n=153)

(3% salicylic acid
and 6% benzoic

acid in a base of
petroleum)

common in moist areas
between nodules and skin
folds and cause skin
breakdown and an entry
point for other infections.
Benzoic acid is an
antifungal and salicylic
acid helps the body shed
rough or dead skin cells
(keratolytic action). It is
recommended to be
applied at a depth of 1/8
inch twice a day.

only on areas with a fungal
infection so the amount given
monthly varies depending on
number and size of areas
affected.

daily to whole lower leg,
40 gm tube supplied
monthly.

compared Whitfield’s with clotrimazole.
Patients (75) with fungal infections were
treated for six weeks with clotrimazole
and the remainder with Whitfield’s. These
included HIV patients. Cure rates ranged
from 80% to over 90% depending on the
definition a cure. Whitfield's and
clotrimazole were both very effective. A
Cochrane Review noted that there was
insufficient evidence to determine if
Whitfield's ointment is effective (El-
Gohary, van Zuuren et al. 2014). Despite
this it is still used and preferred to other
antifungals as it is low cost (Gooskens,
Ponnighaus et al. 1994).
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Regimen

Rationale

APA
regimens

Mossy Foot
regimens

Issues
and
discussion

Elevation of the
legs at night

Reduces oedema.

Teach the importance of raising
the feet at night above heart level
(25°) on a cushion or bundle of
clothing.

Suggest raising the foot
of the bed on a brick or
other object to raise legs
above heart level at night
and placing the leg on a
stool while sitting.

Venous pressures in the lower leg vary
depending on whether the person is in an
erect or supine position. When the body
is erect gravitational forces are exerted
(hydrostatic pressure). In a person 1.83
metres tall these pressure will be
approximately 100 mm Hg. This will result
in a total pressure in the foot veins of an
erect person of this height of 115 mm Hg.
(Browse, Burnand et al. 1988). The
pressure in the foot veins in the supine
position is approximately 15mm Hg.
When the legs are above heart level the
venous pressure falls to zero and tissue
fluid is absorbed, reducing any swelling
Browse, Burnand et al. 1988). For
oedema in podoconiosis to be reduced
the legs need to be elevated to heart
level or above for at least 8 hours per day
(Davey, Tekola et al. 2007). Swollen legs
are cumbersome and prone to trauma
which may result in ulceration.
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Regimen Rationale APA Mossy Foot Issues
regimens regimens and
discussion
Bandaging Short stretch Do not routinely use compression Teach bandaging to those | Short stretch bandages are expensive
compression bandaging bandages. with stage 3 and above and require expertise to apply. Arterial
bandages used to treat and give patients 4-6 disease, DVT, severe cardiac failure and
lymphoedema. This short stretch bandages infections need to be excluded before
bandage provides per year. They are application. They may be used with
muscles with a firm removed overnight. caution in patients with hypertension and
resistance to work against diabetes. The leg should be padded with
thus increasing lymphatic a wool bandage to ensure it is a hormal
drainage. shape before applying short stretch.
Several layers are required for gross
oedema (Todd 2000, Pike 2011).
Exercise Exercise of the ankle Teach ankle exercises and the Teach ankle exercises The calf pump in the lower leg performs

reduces lymphoedema
and venous hypertension
(Vaqgas, Ryan 2003).

importance of movement.

and the importance of
movement.

two vital functions. It ensures venous
return during exercise and reduces
superficial venous pressure thereby
relieving the damaging effect of
hydrostatic pressure, which results from a
person’s upright posture (Browse et
al.1988). The resting standing venous
pressure is =80 to 90 mm Hg. This falls
with calf exercise to =20 to 30 mm Hg a
>50% decrease.
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Regimen Rationale APA Mossy Foot Issues
regimens regimens and
discussion
Wearing shoes and Keeping the feet clean. Importance of shoe wearing Importance taught. Plastic sandals are often used by

socks

Maintaining intact and
healthy SC preventing
further silica entering the
lymphatics via skin
beaches.

taught but patients are poor. They
often cannot afford suitable
shoes. Custom made shoes
supplied to patients with Stage 3
disease and over at low cost.
Socks not provided.

Custom made shoes
provided free or at low
cost (10 Birr = 30p). One
pair of socks is provided
for each pair of shoes.
Replaced twice a year.

patients. They provide little protection to
dirt, are hot and do not absorb sweat.
This may increase the occurrence of
fungal infections. Socks are not often
used unless supplied.

Wound care advice

To prevent and treat
wounds.

Deep wounds referred to health
centre.

Patients with wounds are
given a roll of gauze to
use as a dressing. Deep
wounds referred to health
centre.

Wounds have been related to ADL and
increased lymphoedema in LF patients
(Dreyer, Medeiros et al. 1999, Suma,
Shenoy et al. 2002, Shenoy 2008). High
correlations also recorded between the
number of wounds and ADL in those with
podoconiosis (Molla, Le Blond et al.
2013).

Debulking surgery
and removal of

promi

nent nodules

is sometimes
undertaken.

Comfort

Patients referred for surgery
required.

Patients referred for
surgery if required.

More radical surgery is no longer
recommended since patients unable to
scrupulously avoid contact with soll
experience recurrent swelling which is
more painful than the original disease
because of scarring (WHO 2012).
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There are many similarities and a few discrepancies between regimens
taught in APA and Mossy Foot Clinics. The majority of podoconiosis
treatment is provided in these clinics but there are issues of non-attendance.
Different care settings and management approaches have been examined.

Details of these and their effects are the next topic.

2.3.8. EFFECT OF DIFFERENT CARE/MANAGEMENT SERVICES.

A 12 month non-comparative, longitudinal evaluation of 33 patients newly
presented to a Mossy Foot clinic in the Wolaita region, Southern Ethiopia
used the regime reported in Table 2.3 (Sikorski, Ashine et al. 2010). During
the study six patients moved out of the area so their results were not
included in the final analysis. The study tested the effectiveness of a
community based, patient led treatment regime. Initially 80% of patients
presented with stage 2 of the disease. Information about podoconiosis was
given at monthly meetings including prevention and treatment. Social and
spiritual support was also offered. At 12 months there was significant
improvement in the clinical progression of the disease with 63% of patients
recorded as having stage 1 disease. Lower leg circumference decreased
significantly from a mean of 26.22 cms to a mean of 24.22 cms, a mean
difference of -2cm, 95% CI (-1.26 to 2.74), p=0.001 (n=27). Only one fifth of
the patients (22.2%) still had mossy changes but this change was not
significant (p=0.375). Although there was no comparative control group the
authors noted that lymphoedema related to podoconiosis has never been
reported as improving without intervention. The results of the study indicate
the considerable impact of the regimen on the clinical progression of the
disease. No other follow-up studies on podoconiosis have been reported.
Further larger pre and post intervention studies are needed to provide further
evidence of treatment effects. A study of LF in a poor area of North-eastern
Nigeria compared three systems of hygiene management. The first was
community care, the second patient care and the third health facility care. In
the community care arm of the study, communities selected one of their
members as the care giver. In the patient care group, patients were allocated
into groups under a leader with a responsibility for providing care to group

members. In the health facility group care was given by the nearest health

48



facility. Care givers in the three arms were all trained. At six months 325
patients had been recruited to the study. After 12 months those in the
community care arm increased compliance to the hygiene practices from
29.4% to 62.6% and episodes of adenolymphangitis (ADL) fell from 43.1% to
4.4%. In the patient and the health facility arms of the study compliance was
poor. Access to supplies was affected by poor coordination and delays in
collection. This resulted in minimal effect on lesions, odour, frequency of
ADL and duration. Participants abandoned the health facility after the second
visit (Akogun, Badaki 2011). The study indicates that patient preference in

Nigeria is for community treatment.

In Ethiopia out-reach clinics provide most of the care to those with
podoconiosis. This is because they appear to be the most cost effective and
easiest system to deliver. Until research on cost/outcome comparisons
provides evidence to the contrary this system may continue. Studies have
reported a more normal looking leg, a reduction in limb size, and an
improvement in quality of life when the regime taught in Mossy Foot clinics is
followed (Henok, Davey 2008, Yakob, Deribe et al. 2009, Sikorski, Ashine et
al. 2010, Morrone, Padovese et al. 2011). To date there have been no

studies published into the effects of APA clinics on podoconiosis.

Some patients in clinics have reported difficulties in attending clinics on a
monthly basis. There are many reasons for this which are discussed next
however, distance and the time taken travelling to and from clinics seems to

be the main issue.

2.3.8.1. REASONS FOR NON-ATTENDANCE AT PODOCONIOSIS CLINICS.

Three articles were found which focused on non-attendance at podoconiosis
clinics. The first was undertaken in Mossy Foot clinics in southern Ethiopia.
A qualitative study of the reason patients discontinued their attendance was
undertaken at four of fifteen clinic sites. Focus group discussions and
interviews were undertaken on 44 of the patients (n=88) (Tora, Davey et al.
2012). The following factors were identified: remoteness from clinic site,
expectations of ‘special support’ such as financial or material benefit, worries

about increasing stigma, illness and misconceptions about treatment for
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example the failure to have an immediate improvement. The second was a
qualitative study which undertook in-depth interviews with 28 patients and
three project leaders to identify barriers to those with podoconiosis attending
treatment centres. Three focus group discussions were carried out with 22
patients, patient association leaders and project staff members. The barriers
identified were as follows: beliefs about the cause and nature of
podoconiosis, occupation, geographical and financial issues, stigma and
conflicting expectations of treatment (Tsegay, Wubie et al. 2014). The third
study was at clinics with high drop-out rates in Northern Ethiopia (n=191)
(Campion, Tamiru et al. 2015). The following reasons were given by patients
in descending order of importance: distance (51:26.7%), acute attacks
(33:18.8%), illness (31:16.2%) and too busy (25:13.1%). Fewer patients said
non-attendance was due to financial constraints, lack of material support,
ineffective treatment or worries about stigma. Some of the reasons for non-
attendance might be overcome by improving patients understanding of the
disease, increasing the number of clinics and/or providing a home visiting
service. But increasing services to the enormous numbers involved would be

a huge challenge.

2.3.9. ECONOMIC CONSEQUENCES OF SKIN DISEASE AND PODOCONIOSIS.

In the Wolaita region in Southern Ethiopia a matched comparative cross
sectional study estimated productivity losses caused by podoconiosis as
45% of the total working days per year per patient (Tekola, Mariam et al.
2006). The estimated cost of this in a population of 1.5 million across the
region was US$ 16 million (current value £10.4 million) a year. Interviews
with 335 people with podoconiosis in western Ethiopia noted that 97% had
ADL in the previous year (Alemu, Tekola Ayele et al. 2011).They were
mostly uneducated poor farmers who lost an average of 24 working days a
year due to adenolymphangitis. A study in Northern Ethiopia reported that
those with podoconiosis (n=460) spent approximately 60 days less on
farming activities than those without (n=707) (t=-4.6, p=<0.001). When
comparing the incomes of those with podoconiosis to those without, those
with the disease earned on average 62 Birr (~3 $) (current value ~£2) a

month less (t=4.4, p=<0.001). Affected women earned less than the men
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(t=3.2, p=0.001) (Molla, Le Blond et al. 2013). The working days lost due to
skin diseases including podoconiosis have a major effect on the patient’s
capability to produce food for their family and an income. It is therefore,
important for patients and their families to understand the causes, prevention

and treatment of ADL in podoconiosis. This is the focus of the next section.

2.3.10. PATIENT’S KNOWLEDGE OF ADENOLYMPHANGITIS IN PODOCONIOSIS.

Only one study was found on patient’s knowledge of ADL in podoconiosis.
This was a cross sectional household survey of 17,553 households (Molla,
Tomczyk et al. 2012a). A structured interview took place with 1319 of those
identified with podoconiosis. In the study 55.4% of those interviewed said
that ADL occurred more in the hot dry seasons, 25.7% that it occurred in the
rainy seasons and 20% that it was not season specific. The overall response
to the precipitating factors included: long walks (72.2%), mitch (the sun
causing inflammation) (52.1%), laborious work (28.9%) and dust (13.2%).
The overall response to coping mechanisms for ADL reported were: staying
in bed (55.6%), changing to less laborious work (44.2%), use of antibiotics
(25.8%), use of Hereg Resa a local herb which is boiled and the steam
inhaled by patients thought to have mitch 20.5%, sleeping/nothing (16.1%)
and washing (7.8%).

Because of the lack of understanding of the cause and treatment of the
disease patients sometimes seek treatments from traditional healers thereby
paying for infective or harmful treatments (Ryan, Fuller et al. 2011). Studies
have been undertaken on the knowledge and attitudes of patients and of the
population towards the causes and prevention of podoconiosis. They are

discussed next.
2.3.11. KNOWLEDGE AND ATTITUDES OF HEALTH EXTENSION WORKERS, PATIENTS

AND THE COMMUNITY TOWARDS PODOCONIOSIS.

Several published studies were found relating to the knowledge and attitudes
towards podoconiosis. The first section relates to the knowledge of HEWS,

the second to community knowledge and the third to patient knowledge.
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2.3.11.1. HEALTH EXTENSION WORKER’S KNOWLEDGE.

Health extension workers (HEWs) were introduced by the Ethiopian
government in 2003 to provide access to primary health care. They are
trained for one year in disease prevention and health promotion. There are
two HEWSs in each kebele (smallest administrative district) which comprises
about 5,000 people. More than 35,000 HEWs are employed by the Ethiopian

Government (Mangham-Jefferies, Mathewos et al. 2014).

A quantitative cross sectional study was conducted in the Gamo Gofa region
of Southern Ethiopia to determine HEWs knowledge of podoconiosis.
Structured questionnaires were completed by 384 HEWs. Most, 350 (91%)
had received no education on podoconiosis during their training (Mengistu,
Berhane et al. 2013). The study indicated that 244 (63.5%) had a poor
knowledge of podoconiosis and only 140 (36.5%) a good knowledge. The
definition of ‘good’ or ‘poor’ knowledge was based on whether their score
was below or above the mean of the responses. Although the definition of
knowledge is imprecise the study indicates that HEWs knowledge of

podoconiosis requires improvement.

2.3.11.2. COMMUNITY KNOWLEDGE.

A cross-sectional study recruited 438 members of a community in a highly
endemic area of southern Ethiopia (Yakob, Deribe et al. 2009). The age
range was 18-71 years. Participants were selected by multi-stage probability
sampling. Most of the respondents (93.5%) had seen a person with
podoconiosis. The proportion of respondents with at least one misconception
about the cause was 93.4%, 95% CI (91.1-95.75%). Over 55% thought that
podoconiosis was transmitted via contact with someone who already had the
disease and 30.5% thought it was the result of a curse, 71.7% knew that
good hygiene could prevent the disease, 64.4% thought it was due to
heredity to familial causes, 63.6% that it was the result of stepping on dead
animals, 62.9% that it was the result stepping on a snake and 56.4% knew
that wearing shoes could prevent the disease. In response to questions on
the risk of podoconiosis 49% felt they were at risk, 48.4% thought their

society was doing enough for those with the disease, 44.1% knew that it
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could not be transmitted from person to person and 41.4% knew that
podoconiosis was treatable. In response to questions about attitudes to the
disease 55.8% showed stigmatising attitudes towards social interactions,
63.8% had unfavourable attitudes to the condition, 35.9% would not
purchase items from a person with podoconiosis, 53.4% would not eat with
someone with the disease and 48.8% felt that those with podoconiosis were
less productive. Those with a high knowledge score were more than twice as
likely to have a positive attitude compared with those with a low knowledge
score (AOR 2.23, 95% CI (1.32-3.98). Respondents with a high knowledge
score were also twice as likely to wear shoes compared to those with a low
score (AOR 2.18, 95% CI (1.32-4.48). This study indicates low levels of
knowledge within the community about the causes and prevention of the
disease and the high degree of social stigmatization. It also indicates the
positive effects of educating communities on the causes, prevention and

treatment of podoconiosis.

2.3.11.3. PATIENT’S KNOWLEDGE OF PODOCONIOSIS AND PREVENTION.

Patient’s knowledge of the disease has also been reported as poor. A cross
sectional household survey of 17,553 households in Northern Ethiopia asked
patients what they thought were the causes podoconiosis 41.3% said they
did not know the cause, 18% said walking barefoot and 7% that is was
inherited. Other responses included the curse of God, the action of a witch,
injury and mitch (n=1319) (Molla, Tomczyk et al. 2012b). Patients were next
asked whether they thought podoconiosis could be prevented and controlled.
Some patients (37.5%) believed podoconiosis was preventable and 40.4%
that disease progression could be controlled. The remaining respondents
said they either ‘knew’ or ‘thought that’ podoconiosis could not be prevented
(22.2% and 40.3%, respectively) or controlled (27.3% and 32.3%,
respectively). Preventative methods reported in studies included wearing
shoes (82.1%) and washing feet (19.1%) (Molla, Tomczyk et al. 2012b).

A cross sectional study reported 55.5% wearing shoes at the time of
interview. The commonest reasons for not wearing shoes was unaffordability
(69.3%) with 96.4% stating that they were willing to wear shoes if provided

(n=337) (Yakob, Deribe et al. 2008). Another study reported that 96% of
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patients had worn shoes once in their life with the mean time for starting to
wear them as 23 years (+/- 15.9). It was noted that this coincides with the
age of onset of the signs and symptoms of podoconiosis (Alemu, Tekola
Ayele et al. 2011).

There also appears to be a difference in the shoe wearing behaviour of
males compared with females. In one study the male/female shoe wearing
ratio was equal but more males were reported to be wearing better quality
more expensive leather shoes (Alemu, Tekola Ayele et al. 2011). A further
study reported that at interview 23.6% of participants were barefoot of which
65.3% were women (n=1319) (Molla, Tomczyk et al. 2012a). Although 40%
stated they had a pair of shoes, more of these were males (61.1 % v 50.5%).
The types of shoe worn at interview by participants were: covered hard
plastic (33.3%), canvas (20.9%) and open sandals made from tyres (13.2%).
The majority were not considered protective against podoconiosis. A later
study exploring barriers to shoe wearing in Southern Ethiopia recorded
information from 242 respondents (69 were receiving podoconiosis
treatment, 129 were unaffected and 444 were community leaders, or
religious leaders. Focus groups, semi-structured interviews and extended
case studies were used to gain information. Not wearing shoes was
regarded as shameful (Ayode, McBride et al. 2013). The higher quality and
greater number of shoes owned by men compared to women in the studies
maybe due to the differing status of men in Ethiopian society. This difference
may result in more women developing podoconiosis. As Ethiopia becomes
more prosperous the attitude to shoe wearing is likely to change and shoe

wearing increase.

The instances that shoes are worn have been reported in several studies.
Shoes were more likely to be worn at social events or for school attendance
and not while working in the fields, gathering water or when children were
playing (Alemu, Tekola Ayele et al. 2011). The occasions that those with
podoconiosis walked barefoot were: in fields (18%), during the rainy season
(13%) and at home (11%) (n=335). The reason given for not wearing shoes
while farming in the rainy season was that they quickly became thick with

mud making them heavy and failing to grip, while during the dry season soil
54



particles fell inside shoes making them uncomfortable to wear (Ayode,
McBride et al. 2013). A Northern Ethiopian study of those with podoconiosis
noted a high number (332, 72%) not wearing shoes at interview (n=460)
(Molla, Le Blond et al. 2013). Although the season was not specified this
high number may have been related to the season. A later Northern
Ethiopian study reported that 59 (30.9%) of those questioned said they did
not wear shoes (n=191) (Campion, Tamiru et al. 2015).

The look of shoes has also been deemed important. A qualitative study
noted a difference between the shoes provided by the Mossy Foot
Treatment and Prevention Association and those available in markets. This
difference prevented some people from wearing shoes provided by clinics as
they felt labelled and subjected to stigma (n=242) (Ayode, McBride et al.
2013). The studies also reported that that wearing shoes seems to be
dependent on the season, the activity, possibly different shoe wearing
customs in different areas, peer pressure, income and the effects of stigma.

The following pictures 2.6, 2.7, 2.8 are of shoes worn by patients at APACs.
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Photographs 2.6, 2.7 and 2.8. Examples of the sandals worn by patients

attending APA clinics (November 2012).
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To help prevent podoconiosis the charitable arm of an American shoe

company has started providing thick canvas shoes free of charge to barefoot
school children in some parts of Southern Ethiopia. Eighty six thousand pairs
were distributed via APA mid-2014 and the same number again six months

later (Action on Podoconiosis Association 2014).

As well as wearing shoes, washing of feet/legs daily to remove soil is an
essential part of podoconiosis prevention. A study in Western Ethiopia
guestioned patients about their attitudes and knowledge towards hygiene
and footwear. Two-thirds stated that they washed their feet at least daily and
58% that they used soap to wash their feet daily (Alemu, Tekola Ayele et al.
2011). The percentage may have been higher than in actuality as patients
may have wished to please the interviewer, a recognised problem with
guestionnaires (Holtgraves 2004). Two studies reported foot cleanliness at
the time of interview. The first reported that 46.8% of those with
podoconiosis had clean feet, 21.1% dirty feet, 13.9% had cracked feet and
13.9% dirty and cracked feet (n=1319) (Molla, Tomczyk et al. 2012a).
Definitions of ‘clean’ and ‘dirty’ were not given so were subjective. They
reported that on average feet were washed as seven times a week. Molla

also noted that patients prioritized water for drinking and cooking before
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washing their feet so again patients may have exaggerated the amount of
their foot washing (Molla, Tomczyk et al. 2012a). The second study reported
38.5% with clean and intact feet, 22.5% with dirty feet and 14.9% with
cracked feet. The odds ratio of subjects having podoconiosis were twice
among those with dirty feet OR=1.9, 95% CI (1.4 to 2.5), p=<0.0001, four
times greater in those with cracked feet OR=4.2, 95% CI (2.7 to 6.4),
p=<0.0001) and four times greater in those with both dirty and cracked feet
OR=4.2, 95% CI (2.9 to 6.0), p=<0.0001 (n=460) (Molla, Le Blond et al.
2013). However, yet again the frequency of reported foot washing may have
been overstated to please the interviewer. The significant relationships
remained after adjusting for age, gender, ‘ever’ owning shoes and frequency

of foot washing.

Regardless of shoe type adherent soil was present on nearly all the feet of
children 7-15 years of age (n=168) (Watanabe, McBride et al. 2014). In the
study half of those who reported wearing enclosed shoes had adherent soil
present and 74% of those wearing open-toed shoes had adherent soil

present (p<0.001). While wearing closed-toed shoes was associated with a
significant reduction in adherent soil on the feet there was no difference by

shoe type in heel cracks and foot trauma.

The studies confirm that in order to minimize the risk of podoconiosis shoe
wearing alone is not sufficient. To remove soil and prevent feet becoming dry
and cracked thus allowing the entry of foreign particles a daily regimen of
foot hygiene and moisturization is also required. It seems that further
education of both the public and health workers is required on all aspects of
podoconiosis. HEWs have the potential to play a major role in this by
increasing public awareness of the disease, encouraging good foot hygiene
and the wearing of shoes, reducing stigma and encouraging clinic
attendance for those with the disease. Lack of knowledge concerning the
disease causes stigmatization. This affects both those with the disease and
their families psycho-socially and economically. This is the focus of the

following section.
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2.3.12. PSYCHO-SOCIAL IMPACT OF PODOCONIOSIS.

A WHO bulletin stated that skin diseases in resource-poor countries had a
serious impact on people’s quality of life (WHO 2005). The quality of life
encompasses many aspects such as physical and psychological health,
social relationships and relationships to the environment. Podoconiosis
results in lost productivity at work and school and discrimination due to the
obvious manifestations of the disease such as swollen legs/feet, malodour
from infections and/or disfigurement. Stigma is also more likely where
imperfections are very visual as in podoconiosis. It can result in children
being excluded from school and may limit chances of marrying in some
circumstances. In some circumstances it may result in them having to leave
their family or village and become beggars. Stigma and loss of self-esteem is

exacerbated where people are less educated on the causes of skin disease.

A qualitative study on social stigma was attached to the recruitment into a
genetic research study of participants with podoconiosis. In depth interviews
were undertaken (n=25) and group discussions (n=4). Overall 46 individuals
participated (27 male and 19 female). Patients were afraid to take part in the
study because of fears that this might increase stigmatization by advertising
the familial nature of the disease. As a result patients felt guilty and isolated
themselves (Tekola, Bull et al. 2009). Although the study was concerned
with participation in genetic research it could be concluded that participation
in any podoconiosis study might highlight to the rest of the community that
the person has the disease. The types of stigma reported by patients were
as follows: unable to marry, others avoided patients and family members,
exclusion from social events, classmates not willing to sit at the same desk
and others pinched their noses as they walked past. Those with the disease
were also spat at. Even unaffected family members were not willing to be
near an affected member (Tekola, Bull et al. 2009). A qualitative study on
stigma and coping strategies undertaken in Southern Ethiopia (n=88) noted
that many participants used avoidance as a coping mechanism (Tora, Davey
et al. 2011).
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Health professionals in the Wolaita region have also shown a tendency to
stigmatize those with podoconiosis (h=275) (Yakob, Deribe et al. 2009). At
the time of the study 1.6 million people lived in this region 99.2% of them in
rural areas. Podoconiosis was highly endemic in the area with an estimated
prevalence of 5.5%. All 460 health professionals in the area were contacted
but some of these were no longer delivering care or were in training outside
the area. Of the 334 eligible 293 (87.7%) agreed to participate. Eighteen
responses were incomplete and excluded from analysis. Of the 275
participants remaining 68.4% were nurses, 15.4% health assistants and
13.6% laboratory or pharmacy technicians. Of these 36.4% had not treated a
person with podoconiosis but prescribed medicines or laboratory
investigations or referred them to another facility. The majority (88.7%) had
seen someone with podoconiosis. A structured self-administered
guestionnaire based on stigma in HIV/AIDS and on earlier qualitative
research on podoconiosis was developed. This identified their knowledge of
podoconiosis as follows: 86.4% felt that they had inadequate knowledge and
skills to treat the disease, 68.7% would not eat with a person with the
disease, 58.2% knew that not wearing shoes and poor foot hygiene were risk
factors, 55.6% thought the disease was transmitted by flies or mosquitoes,
50.9% thought podoconiosis was infectious and 38.8% were afraid of
acquiring the disease while providing care. Their attitude to patients was as
follows: 50% stated that patient’s feet had a bad smell, 48.2% would not
purchase an item from a person with the disease, 42% felt that patients were
not willing to accept the care offered and 17% stated that few patients visited
their health facility. When asked about the provision of care 72.4% showed a
favorable attitude to providing care for those with podoconiosis, 70% said
that the drugs and supplies were inadequate and 52.2% felt the community
was unwilling to care for those affected. From these results it would seem
reducing stigma via the education of health care staff, patients and

communities on the disease and its treatment is of prime importance.

A scale for measuring podoconiosis related stigma has been developed and
tested in Southern Ethiopia (Franklin, Tora et al. 2013) (Appendix 6).

Questionnaires were used to survey 150 podoconiosis patients and 500
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unaffected members of the community. Questionnaires were interview based
because of low literacy rates. Four scales were developed:

podoconiosis patients felt stigma scale -15 questions

podoconiosis patients enacted stigma scale -17 questions

community felt stigma scale -24 questions

community enacted stigma scale -23 questions

Enacted stigma refers to the actual experience and felt or perceived stigma
to the fear of stigma. Multi-stage random sampling was used for selection.
Seventeen of the 500 were incomplete and excluded from analysis.
Respondents were asked to answer each question with ‘yes’, ‘possibly,
uncertain or ‘no’. Scores were given to each answer, three for ‘yes’, two for
‘possibly’ one for ‘uncertain’ and nil for ‘no’. The reliability of the scales was
calculated using Cronbach’s alpha; all scales indicated good consistency.
The content and construct validity of the scales were satisfactory with
modest correlation between items. There was significant correlation between
the ‘felt’ and ‘enacted’ stigma scales among patients (Spearman’s r=0.892;

p=<0.001) and within the community (Spearman’s r=0.794; p=<0.001).

The same stigma score was used in a study in the Wolaita region of
Southern Ethiopia of the stigma of those with the disease remembered over
the previous 12 months (n=150). In the enacted stigma score 98 (65%) said
friends spent less time with them because of their condition, 82 (54.7%) that
they received insults about their foot, 80 (60%) that they were mistreated at
work and 89 (59.4%) that they were isolated from social events. In the felt
stigma score 81 (54%) said they had tried to kill themselves and the same
number that they had tried to change their place of residence, 77 (52.3%)
thought others felt uncomfortable working with them, 77 (50%) that it
affected their chances of marrying and 82 (54.3%) avoided public places.
For total stigma (enacted and felt) the mean score of those with stage 2 and
below was 37 (29.3%) with stage 3 and above it was 49.8 (32.4%) (Tora,
Franklin et al. 2014). This indicates that social stigma is greater in those with

more severe and thus more obvious podoconiosis.

From the evidence it would seem that podoconiosis has a profoundly

negative effect on the lives of those with the disease and that the effect
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increases as their condition becomes more obvious. Additional research

evidence is required to further validate the scoring system. Education of the
community, health care workers and field workers into the disease including
its prevention and treatment is required to avoid this stigmatization. The high
level of stigma related to podoconiosis affects the quality of life of those with

the disease and provides the focus of the following section.

2.3.13. QUALITY OF LIFE OF THOSE WITH PODOCONIOSIS.

The Amharic version of Dermatology Life Quality Index (DLQI) was used in a
comparative cross sectional study of 74 new patients and 74 patients treated
for minimum of 3 months at outreach clinics of the Mossy Foot Treatment
and Prevention Association. The highest score is 30 signifying a high impact
on quality of life. The mean score of all patients was 8.42 indicating a
moderate effect on patient's lives. The highest score for new patients was
‘Over the past week how itchy, sore, painful or stinging has your skin been?’
The highest score was for the question ‘Over the last week, how
embarrassed or self-conscious have you been because of your skin?’
(Henok, Davey 2008). The Amharic version of DLQI was also used in the
small study undertaken over 12 months in Southern Ethiopia (Sikorski,
Ashine et al. 2010). The study numbers were initially 33 reducing to 27 at 12
months. The mean DLQI score was 21.11 at the first visit reducing to 6.07 at
12 months (mean difference -15.04), p=<0.001; indicating a very significant
improvement in the quality of patient’s lives as a result of the treatment

regimen.

Franklin compared the quality of life of those with podoconiosis (h=150) and
of those without the disease (controls) (n=483). The Amharic version of the
WHO Quiality of life (QOL), a questionnaire (26 questions), Kessler’s
psychological distress scale (10 questions) and the podoconiosis stigma
scale (4 scales) were used (WHO 2004, Kessler, Barker et al. 2003).
Questionnaires were interview based because of high illiteracy rates (98,
65.5%) for those with podoconiosis and 207, 42.9% for those without the
disease). Those with podoconiosis had significantly lower QOL than controls

52.05 versus 64.39. This was the same in all four subgroups — physical,
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psychological, environmental and social. High levels of stigma, being
illiterate, being unmarried and living in an urban area were associated with
lower QOL. Healthy adults were seven times more likely to have an above
median QOL. Podoconiosis patients had lower mean QOL scores than those
with lymphatic filariasis or leprosy (Franklin, Tora et al. 2013). The authors
note that the interview based questionnaires may have resulted in social
desirability bias.

A questionnaire based comparative cross-sectional study of mental distress
and podoconiosis in northern Ethiopia compared 346 adults with
podoconiosis to 349 healthy adults in one district (Mousley, Deribe et al.
2013). Those with podoconiosis were less likely to be married than healthy
controls 198 (57.2%) v 265 (75.9%) and more likely to be divorced 63
(18.2%) v 34 (8.0%). A validated Amharic translation of the Kessler-10 scale
(K10) questionnaire was used to measure the level of distress. It is based on
guestions about anxiety and depressive symptoms that a person has
experienced in the previous four week period. The mean Kessler score was
15.92, 95% CI (15.27 to 16.57) in people with podoconiosis and 14.49, (95%
Cl (13.85 to 15.12) in controls with average scores 1.43 points higher, 95%
Cl (0.52 to 2.34). The differences remained significant when adjusted for
gender, income, alcohol use, age, place of residence and family history of
mental illness. In the adjusted model, those with podoconiosis had scores
1.37 points higher than controls, 95% CI (0.64 to 2.18). Females had scores
1.41 points higher than males, 95% CI (0.63 to 2.18) and those with family
history of mental illness had scores 3.56 points higher than those without,
95% CI (0.55 to 6.56). The difference in scores between those with and
without podoconiosis was not clinically significant (p=>0.05). In conclusion
podoconiosis has a highly negative impact on the quality of life of those with

the disease. This is in conjunction with high levels of stigma.

In order to reduce stigma and improve the quality of life of those with
podoconiosis a regimen of skin daily management is required to reduce the
visual manifestations of the disease. This is difficult in a resource-poor
country where there are numerous challenges. Literacy, access to clean

water, the financial cost of soap, cloths and emollients for washing, drying
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and hydrating the skin are all problematic. They are discussed in the next

section.

2.3.14. CHALLENGES OF PROVIDING SKIN CARE IN RESOURCE-POOR COUNTRIES.

Being poor in a hot dusty environment, living in cramped poor quality
housing with inadequate nutrition and no piped water is not conducive to
healthy skin. Accessing health care is not easy either because of poor road
systems and the long distances to travel which are costly in time and money.
Health facilities usually charge for treatment too so many people use local
healers for treatment in the first instance. Their preparations may be
ineffective, possibly harmful and often expensive. Low literacy rates are also
an issue as written information on health care cannot for many people be
understood and verbal instructions may not be remembered. In 2012 the
estimated population of Ethiopia was 91.73 million (WHO (c) 2012). Total
adult literacy 2008-2012 was estimated at 39% with literacy rates are often
lower in rural areas (UNICEF 2012).

2.3.15. CLEANING SKIN IN RESOURCE-POOR COUNTRIES.

Cleaning skin to remove dirt, dead skin and pathogens is necessary to keep
it in optimum condition. Water is the basic prerequisite for washing but
obtaining it is a major challenge in much of the world. Globally water from
unprotected dug wells, rivers, lakes and ponds is used by 187 million people.
Most of these are the rural inhabitants of sub Saharan Africa (WHO/UNICEF
2012). Approximately 1/3 of the diseases in Africa are due to environmental
hazards such as lack of access to safe drinking water, lack of sanitation and
hygiene and indoor air pollution. Around 1.1 billion people globally do not
have access to improved water supply sources (WHO (b) 2012). Countries
that have less than 50% coverage of water supply are almost all in sub
Saharan Africa where the majority of the population (70-80%) are rural. In
Ethiopia in 2008 only 38% of the population had access to improved drinking
water sources (WHO (b) 2012). An improved water facility is one in which
water is piped from a stand pipe or protected well or a protected spring or
rain water. But being protected does not necessarily mean is it free from all
pathogens (WHO 2010). Almost 884 million people in resource-poor
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countries live without access to safe drinking water and 37% of these live in
Sub-Saharan Africa (UNICEF 2011). As a result water grossly polluted by
animal and human waste and/or by chemicals and heavy metals is used for
cleaning the skin often resulting in skin infections. In rural areas scarce water
is primarily used for drinking and cooking. Using water for washing is a low

priority which results in poor foot hygiene (Molla, Tomczyk et al. 2012a).

Boiling polluted water to kill bacteria may use expensive fuels such a gas or
electricity but for the majority of the population these fuels may not be
available or affordable. Even charcoal is beyond the reach of most poor
people and wood has to be collected which is time consuming and may
result in environmental damage. Regardless of whether or not collected
household water is initially of acceptable microbiological quality, it often
becomes contaminated with pathogens of faecal origin during transport and
storage due to unhygienic storage and handling practices. Investigations
have shown sodium hypochlorite (NaOCI) to be an effective disinfectant
having broad applications. It is low cost, easy to use and safe. It is
recommend that drinking water contains 0.0002% - 0.0001% NaOCI
(Centers for Disease Control and Prevention 2014).

The World Health Organisation defines ‘access to drinking water’ as the
availability of at least 20 litres of water per person per day within a walking
round trip of 30 minutes (WHO 2010). A Western Ethiopian study noted that
the majority of patients had no issues finding enough water taking an
average 10 minute walk to reach the water source (Alemu, Tekola Ayele et
al. 2011). A later household survey in Northern Ethiopia reported that a
return journey of 40 minutes was required to collect water (Molla, Tomczyk
et al. 2012a). A third study also in Northern Ethiopia reported the average
one way time to walk to the nearest water source as 19 minutes (Molla,
Tomczyk et al. 2012a). There was no indication in the studies of water
guality, the amount collected or the frequency with which it was collected.

The United Nations Millennium Development Target 7.C is ‘to halve by 2015
the proportion of people without sustainable access to safe drinking water

and basic sanitation.’ In 2010 they reported that efforts needed to be
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targeted and increased to bring drinking water to all rural households and
that the 2015 target appears to be out of reach (United Nations 2010). Until
this goal is reached those in the poorest countries will continue to have
difficulty accessing even polluted water. As a result skin cleaning will remain
low on the list of priorities for its use. Water alone however is not sufficient
for cleaning dirty skin and treating dry skin. Soap, drying cloths and

emollients are also required.

2.3.15.1. ACCESSING SKIN CLEANSERS, DRYING CLOTHS AND EMOLLIENTS.

Soaps are the main form of cleanser used in resource-poor countries. But
they are not a priority purchase for the very poor and may not be easily
accessible in very rural areas. Many of the block soaps which are available
are highly alkaline which will disrupt the skin’s normal flora and dry the skin.
For example pre 2014, the soap used and supplied to patients with
podoconiosis in APA clinics for washing their feet/legs had a pH of 10 and
contained silicates (Section 3.3.7.1 and Appendix 5). The provision of clean
cloths for washing and drying skin are beyond the budgets of very poor
people. Clean separate bowls for washing their bodies are often not possible
either. Emollients are not generally used as they are unaffordable and not
available in the smaller villages. In the PI's observation they are not used
even when the feet/legs are dry and cracked which is common when people

walk barefoot.

From the literature search key gaps were found in the knowledge of the
effects of the current skin treatment for those with podoconiosis. No RCTs
have been published on therapeutic skin treatment for the disease. It is
these gaps which are presented in the next section that the research intends
to fill.

2.3.16. KEY GAPS IN KNOWLEDGE ON THE TREATMENT OF PODOCONIOSIS

No published articles were found on podoconiosis which:-
e (uantitatively measured improvements in SBF via SC hydration and TEWL
in those with podoconiosis before or after therapeutic interventions

¢ identified the most effective moisturizer to use, the quantity and how to use it
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provided an evidence based podoconiosis treatment intervention
measured and compared the dermatology quality of life of those with
podoconiosis pre and 3 months post therapeutic skin interventions.

This study will focus on these key gaps in the literature in order to provide
evidence based treatments which can be measured and improve the

dermatology quality of life of those with the disease.

2.3.17. SUMMARY OF SECTION 2.3.

There are several billion people living in the rural areas of resource-poor
countries mainly in Africa who for numerous reasons lack even the most
basic skin care (Hay, Fuller 2011). The numbers are estimated because skin
disease is under-reported and for a number of reasons not adequately
treated. Podoconiosis is one of these diseases and in 2011 it was
recognised as a neglected tropical skin disease (Davey, Bockarie et al.
2012). It affects about 3 million of the poorest people in Ethiopia and largely
unknown numbers in a least 20 other countries that walk barefoot in areas of
volcanic soil at high altitude with high rainfall. It is caused by skin breaches
in the feet through which silica and bacteria enter. These cause an
inflammatory reaction which impacts on skin and the lymphatic system in the
legs. Although the exact cause in unknown its development appears due to a
faulty immune system (Addisu, El-Metwally et al. 2010). Indications are that
there is a familial component and it is thought the disease might be a T cell-
mediated inflammatory disease (Tekola Ayele, Adeyemo et al. 2012). It
results in lymphoedema, pain, lost working days and stigma. It has a major
effect on quality of life and mental health. Most of those who have the
disease are in the economically active age group. Episodes of ADL result in
work days being lost due to pain causing economic distress which impacts

on the individual and society.

Although podoconiosis is preventable it is not curable and will progress
unless a lifetime skin management regime is followed. To improve SBF,
reduce oedema and prevent ADL the SC needs to be kept clean and

hydrated. This can be achieved by washing the skin in soap and water,

careful drying and applying moisturisers, barrier ointments with the addition
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antifungal creams where necessary. Shoes and socks should be
encouraged but may not be possible for patients to provide due to cost.
Elevation of the effected limbs at night and exercise of the ankle should be
encouraged to reduce lymphoedema. Compression bandaging may be
appropriate but is expensive and requires the exclusion of co-morbidities and
expertise to apply. Improving the symptoms of the disease improves quality
of life. The skin condition, social stigma and consequently the quality of life
of those with the disease have been shown to significantly improve using the
current skin treatments. Although effective they are based on custom and

practise and not evidence based.

Regular attendance at clinics enables staff to educate patients, monitor and
support their progress and provide supplies but non-attendance is an issue.
A lack of knowledge about the disease by health professionals and local
populations results in those with the disease not being treated. Although
simple skin care is the main treatment providing this in resource-poor
countries is challenging. Any interventions should be low cost, easy to use
and sustainable. Ryan (2006) notes the huge poverty stricken rural areas in
resource-poor countries are ‘crying out’ for skin care at low cost. To address
the key gaps found in the current skin treatment for those with podoconiosis
further literature searches were undertaken. These were to provide
information on the SBF, its assessment and the effects of skin disease. It
was also to provide evidence for the use of each of the components current
used in the skin hygiene regime in podoconiosis clinics. Literature searches
were also carried out to provide information on the optimal yet cost effective
emollient to improve SBF. No research studies on maintaining a healthy SBF
were found which were undertaken in Africa, most were carried out in the

developed world as described in Section 2.6.

Podoconiosis is a disease caused primarily by an impaired skin barrier
function (SBF). For this reason the many functions of the skin, the
components and functions of the SC and measurements required to

determine the condition of SBF are discussed next.
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2.4. ASSSESSMENT AND MEASUREMENT OF SKIN BARRIER FUNCTION.

Skin performs many vital functions including forming a barrier to physical
agents and preventing loss of body fluid thus avoiding desiccation and death
in a terrestrial environment. It also helps protect the body against potential
pathogenic organisms and aids the regulation of body temperature by
radiation, convection, conduction and evaporation. It contains both sensory
and autonomic nerves and several types of sensory receptors which detect
the stimuli of vibration, touch, changes of temperature, pressure pain and
itch. Skin also reduces the penetration of ultra violet radiation and
synthesises Vitamin D which is necessary for the absorption of calcium and
calcification. Additionally it is an important means of socio-sexual

communication.

The stratum corneum (SC) which is the outermost layer of the skin is thickest
on the soles of the feet and palms of the hands. Although it constitutes only
10% of the entire skin it contributes to over 80% of the SBF (Pouillot, Dayan
et al. 2008). The inner cell layers of the SC are more hydrated (about 70%)
compared to the outer layers suggesting a water gradient. The water acts as
a plasticizer keeping the SC flexible and helping prevent cracks due to

physical forces (Chrit, Bastien et al. 2006).

Natural moisturizing factors (NMFs) are present in high concentrations within
the cells of the SC (corneocytes) making up approximately 15-20% of their
dry weight (Rawlings, Harding 2004). NMFs are essential for SC hydration,
barrier homeostasis, desquamation and plasticity. They absorb water from
the atmosphere combining it with their own water content thus allowing the
outermost layers of the stratum corneum to stay hydrated despite exposure
to the elements. NMFs include free amino acids or their derivatives, urea,
hyaluronic acid and glycerol (Choi, Maibach 2005, Meyer, Thyssen 2012,
Rawlings, Harding 2004). Endogenous glycerol (glycerine) is produced in the
pilo-sebaceous units of skin and transported to the epidermis by the
water/glycerol channels (aquaporin-3) (Verdier-Sévrain, Bonté 2007). These
channels are discussed further in section 2.6.3.2. Generally the SC is semi-

permeable only allowing a small amount of water loss in order to hydrate its
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outer layers and maintain flexibility. Normal skin loses approximately 100-
150 mis of water per day per square metre of skin surface (Marks 2004). In
normal skin the relationship between hydration and the skin’s permeability
results in a TEWL which is virtually constant over a wide range of ambient
relative humidity (Sparr, Millecamps et al. 2012). In inflammatory skin

diseases because the SC is disrupted the water loss increases.

A systematic review and meta-analysis of English and German primary
studies of in vivo measurements of TEWL in normal adult human skin
identified 167 studies with adequate and clear reporting. This provided data
on 50 skin areas. The lowest TEWL recorded was 2.3 grams per metre
squared per hour (g/m?h) on breast skin and the highest 44.0 g/m?h in the
axilla (Kottner, Lichterfeld et al. 2013). The high scores in the axilla may

have been related to the number of apocrine glands in that area.

The level of SC hydration influences all the interconnected constituents and
activities within the SC which lead to an effective moisture barrier (Rawlings,
Harding 2004). In order to fulfil its function of preventing dehydration and
maintaining its flexibility the SC needs to contain at least 10% water
(Warner, Lilly 1994). It has three essential mechanisms for achieving this.
Firstly the lamellar lipids provide a tight and semi-permeable barrier to water
passing through the tissue. Secondly fully mature corneocytes bound by
corneodesmosomes provide convoluted and lengthy pathways which inhibit
water loss. Thirdly NMFs absorb water from the atmosphere and combine it
with their own water content. Together these allow the outer layers of the SC
to remain hydrated despite exposure to the elements allowing enzyme
reactions to aid SC maturation, corneodesmolysis and finally desquamation
(Rawlings and Matts 2004).

Influential factors in the capacity of skin to retain water and therefore a
satisfactory SBF are a person’s age and gender, the skin’s pH, NMFs,
antimicrobial peptides, the arrangement of the corneocytes, the structure of
the intercellular lipids and the calcium gradient. Low calcium levels in the
lower epidermal layers increase progressively towards the outer stratum

granulosum and declines again in the SC (Elias, Ahn et al. 2002). This
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gradient facilitates keratinocyte differentiation and helps regulate the
formation of the epidermal layers (Proksch, Brandner et al. 2008). Some of
the intrinsic and extrinsic factors influencing measures of TEWL and SC
hydration were identified by the International Guidelines (du Plessis,
Stefaniak et al. 2013). The variables effecting both TEWL and SC hydration
included anatomical site, skin temperature, sweating, air convection, ambient
temperature, humidity and season. Gender seemed to have no influence on
either TEWL or SC hydration. There was conflicting evidence on the effect of

age of TEWL and no data on the effect of direct sunlight on SC hydration.

SBF may be assessed by measuring trans-epidermal water loss (TEWL) and
stratum corneum (SC) hydration. TEWL is the water lost through the skin
and its appendages under non-sweating conditions. It is the major indicator
of healthy skin. TEWL can be measured quantitatively with non-invasive
probes which are placed on the skin (Appendix 2). The international
standard TEWL measurement is g/m?h (du Plessis, Stefaniak et al. 2013).
SC hydration can also be measured quantitatively in arbitrary units with non-
invasive probes by measuring skin capacitance, conductance, impedance
and resistance. The measurement devices used and methods are discussed
in Section 3.3.9. TEWL varies depending on the specific body site at which it
is recorded, because of this there is no agreed definition of a ‘normal’ TEWL.
An expert working group reviewed the evidence and produced International
Guidelines for the in vivo assessment of skin properties. This recommends
reporting difference or percentage change in TEWL and SC hydration rather

than absolute values (du Plessis, Stefaniak et al. 2013).

Because the study is being undertaken on Ethiopian people with black skin,
the differences in SBF between racial groups are the focus of the next

section. They have been investigated in several studies.

2.4.1. THE IMPACT OF ETHNICITY ON SKIN BARRIER FUNCTION.

TEWL, SC hydration and skin pH are very important elements in maintaining
SBF. Studies of these in relation to ethnicity are the focus of the following

section.
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2.4.2. ETHNIC DIFFERENCES RELATED TO TRANS-EPIDERMAL WATER LOSS,

STRATUM CORNEUM HYDRATION AND pH.

Ethnic differences in TEWL, SC hydration and pH have been the focus of

many studies. Published studies found on TEWL related to ethnicity are

presented in Table 2.4. The studies are difficult to compare because of the

variation in the anatomical sites used, the difference in pH of different sites,

the different study conditions and disparity in the numbers in each ethnic

group. Because of this the results are inconclusive.

Table 2.4. Studies of ethnic differences related to trans-epidermal water

loss.
Type of Method Numbers Body Results Reference
study sites
Review of Nine in vivo, one Numbers Five studies Six studies Wesley,
10 studies in vitro (16-60). on volar indicated Maibach
from 1988- forearm, one TEWL 2003.
2002. Num_b_ers _not on inner greater in
speqflgd In thigh, two on black skin
the in vivo back, one on compared to
study. left and right Caucasian
cheeks, skin. Three
lower legs were the
and volar same when
forearms. using
Sites not forearm,
reported in back and
the in vivo inner thigh.
study. One study
indicated
TEWL lower
in black skin.
Comparative In vivo TEWL 18 Volar No difference Grimes,
biometrical measured. African/Amer | forearms. in TEWL. Edison et al.
evaluations. ican women, 2004.
19
Caucasian
women 35-
65 years.
In subset TEWL Subset of Volar After 30 mins
measured after three forearms. TEWL was
application of 5% | African/Amer 21.9 g/m*hin
lauryl sulphate ican and five African/
under occlusion 6 Caucasians. American
hours, 30 minutes skin and 32.3
(mins), 24 hours, g/mzh in
48 hours after Caucasian
patch removal. skin. After
24hrs TEWL

was similar in
both groups
and the
same after
48hrs.
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Comparative In vivo study over 75 women Forehead No Fotoh,
biometrical 4 weeks in spring. aged 18-32 and volar differences in Elkhyat et al.
evaluations Approximately 8 years with forearm. TEWL. 2008.
age matched sub- healthy skin.
Saharan black,
African/Caribbean
mixed race
/Caucasian
subjects matched
each week. Total
of 25 in each of
the three groups.
All living in
France for at
least six months.
Comparative In vivo testing in 73 Both cheeks. Baseline Muizzuddin,
biometric controlled African/Amer TEWL Hellemans et
evaluation temperature icans, 119 significantly al. 2010.
(20°C- 21°C)and | Caucasians different in
humidity (25% and 149 east the three
relative). TEWL Asians all groups
baseline data healthy with (p=0.001).
measured skin no skin Lowest in
then disrupted disease African/
using tape. TEWL aged 18-45 Americans
re-measured. years. signifying an
intact,
functioning
SBF and
highest in
Caucasians
with SBF of
Asians

between the
two.

Ethnic differences in skin pH have also been explored since an optimal pH is

crucial for maintaining SBF. A review reporting on two small studies implied

some difference in pH between black and Caucasian skin but they were

inconclusive requiring further investigation (Wesley, Maibach 2003). Grimes

found no difference between skin pH on the faces of African/American
(n=18) and Caucasian (n=19) females (Grimes, Edison et al. 2004). The

result may have been different if pH had been measured on other body sites.

A further study was undertaken on the skin pH of women of different

ethnicity aged 20-32 years with twenty-five in each ethnic group (n=75)

(Fotoh, Elkhyat et al. 2008). Skin pH was measured three times on the

forehead and volar forearm during a four week period. A higher pH was

noted in sub Saharan black skin as opposed to the Caucasian and

African/mixed African ethnicity groups. The authors suggest this highlights

the acidic effect of their greater sweat and/or sebaceous secretions. A

greater age range and the inclusion of males may have affected results.
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2.4.2.1. OTHER STUDIES OF ETHNICITY AND SKIN.

A review of the differences in SBF between ethnic skin types reported a
greater number of melanosomes in those with black skin (Rawlings 2006).
The SBF was reported as more effective in darker skin when subjected to
chemical or mechanical assault. Apocrine and eccrine glands which both
produce sweat were more abundant in black skin with larger gland size,
greater sebum production and more skin micro-flora compared to other skin
types. The review provided no details of the review period or search
methods.

In summary the SC is a complex dynamic physiological system which is
essential to human life. Intrinsic factors influencing TEWL and SC hydration
include age, anatomical site, skin temperature and sweating. Extrinsic
factors include air convection, ambient temperature and humidity. Existing
studies on ethnicity and SBF are generally on small numbers. From available
evidence it would appear that compared to Caucasian and Asian skin black
skin has greater cohesion of corneocytes but the same skin thickness. Black
skin has greater sebum production and appears to be more acidic with
higher quantities of micro-flora. Skin shedding is also higher. Studies of
TEWL and SC hydration are inconclusive. Because of the lack of published
studies on TEWL, SC hydration and skin pH related to ethnicity further
research evidence is required.

There is conflicting information on whether podoconiosis prevalence is
higher in males or females (Table 2.1). Because podoconiosis is primarily
due to a fault in SBF the next section discusses gender issues related to
SBF.

2.4.3. THE IMPACT OF GENDER DIFFERENCES ON SKIN BARRIER FUNCTION.

Studies on TEWL and SC hydration in healthy skin related to gender are
discussed next. This section includes the International Guideline consensus

on gender and skin.
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2.4.3.1. GENDER DIFFERENCES RELATED TO TRANS-EPIDERMAL WATER LOSS AND
STRATUM CORNEUM HYDRATION.

There have been several studies on gender difference related to TEWL and
SC hydration (Chilcott, Farrar 2000, Man, Xin et al. 2009, Firooz, Sadr et al.
2012, Mizukoshi, Akamatsu 2013). They were all conducted on different age
groups, different parts of the body with different study numbers and
subsequently produced inconsistent results. The International Guideline for
the in vivo assessment of skin properties has concluded that there is
insufficient evidence to determine gender effects on TEWL and skin
hydration (du Plessis, Stefaniak et al. 2013).

Skin diseases including podoconiosis have a detrimental effect on SBF
causing dryness, a roughened skin surface, reducing SC hydration and
increasing TEWL. There is also a consequential inflammatory reaction which

exacerbates the condition. This is discussed next.

2.4.4. THE EFFECT OF SKIN DISEASE ON BARRIER FUNCTION.

Healthy skin may be defined as skin which is unblemished, with a consistent
tone and colour which has a soft firm texture, is not dry or itchy and fulfils all
its functions. Dry skin is a common feature of skin diseases characterized by
a disruption of the skin barrier and a consequential excess loss of skin
moisture.

The common characteristics of dry skin have been reported. These related
to the visual changes of redness, lack lustre surface, dry patches, flakes,
possible fissures and fine lines and possible thickening and the sensory
changes of feeling dry and tight, uncomfortable, itchy, painful, stinging and
tingly. The reported tactile changes were a rough and uneven skin surface
and chemical changes were reduced water content, reduced NMF, changed
lipid composition and functional changes of increased permeability,

increased TEWL and less resistance (Lodén 2005).

Within the inner layers of the SC in healthy skin, corneodesmosomes
activated by enzymes, begin to degrade and encapsulate with barrier lipids.

This transforms the fragile corneocytes into ones that are more resilient. This
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normal functioning of the SC is disturbed in dry flaky skin conditions which
occur in skin disease resulting in a deteriorating cycle of events. Superficial
dehydration of the SC causes an inflammatory reaction and the release of
cytokines. These are non-antibody proteins which act as inflammatory
mediators. This results in hyper-proliferation of epidermal keratinocytes and
the production of smaller immature corneocyte envelopes. It also leads to
lipid disruption, reduced filaggrin synthesis and reduced T-gase activity. The
reduction in T-gase activity causes the cornified envelopes surrounding the
corneocytes to be less resistant to proteolytic degradation. Because the
corneocytes are weakened they are prone to further insults from activities
such as washing. This results in an excessive loss of NMFs from the fragile
corneocytes and subsequent loss of SBF (Rawlings, Matts 2004).
Desquamation at the surface of the SC results in scaling and thickening. The
water gradient across this thickened SC becomes steeper leading to further
increases in water lost via evaporation. The next Figure 2.2 illustrates the

continuing cycle of progression resulting from dry skin.
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Figure 2.2. The Dry Skin Cycle (based on Rawlings, Matts 2004).
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Without intervention this cycle of events perpetuates itself. In order to break
the cycle the symptoms need to be treated, the SC repaired and SC barrier

function improved.

The visual manifestations of skin disease such as flakiness, redness and
thickening may have profound effects on a person’s psychological health
and social interactions. This may in turn exacerbate the severity of the

disease. These topics are the focus of the next section.

2.4.5. EFFECTS OF PSYCHOLOGICAL STRESS ON SKIN BARRIER FUNCTION.

A review of the defensive functions of the SC noted that psychological stress
exerts a negative effect on permeability barrier homeostasis (Elias 2005). It
increases endogenous glucocorticoids, suppresses lamellar body production
and epidermal lipid synthesis resulting in altered barrier function and the
integrity/cohesion of the SC. The review was based on three human studies
(Altemus, Rao et al. 2001, Garg, Chren et al. 2001, Kao, Fluhr et al. 2003).
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An investigation was undertaken into the relationship between stress and
epidermal permeability barrier in 27 medical, dental and pharmacy students
without any skin disease. Their psychological state was measured by the
Perceived Stress Scale (PSS) and the Profile Mood States (PMS). SBF was
measured during one period of perceived high stress, during final
examinations and on two lower stress occasions, return from winter holidays
and four weeks after the exam. The entire group had a statistically significant
reduction in the permeability barrier recovery after tape stripping related to
increases in perceived stress. Improved barrier recovery function was noted
in all participants at times of lower stress (p=0.001) (Garg, Chren et al.
2001).

Another study was undertaken into the effects of stress on SBF women
(n=46). Of these 25 participated in a laboratory psychological interview, 11
were deprived of sleep for one night and 10 undertook an exercise protocol
(Altemus, Rao et al. 2001). Measurements were taken before and after the
stress factors. They were: TEWL, SC hydration and SBF recovery after skin
stripping. The interview resulted in an increased TEWL, no effect on SC
hydration and delayed skin barrier recovery (p<0.04). Deprivation of sleep
had no effect on either TEWL or SC hydration but it did delay skin barrier
recovery (p<0.04). Exercise had no effect on any of the measures. The
participants were all female, this and the different numbers in each arm of
the study may have affected outcomes. A double blind study of three male
and four females with no skin disease (aged 20-59) applied clobetasol
propionate (potent topical corticosteroid ) to one volar forearm and a vehicle
to the other forearm once a day for three days. TEWL was measured at
baseline, 3 and 24 hours after disruption by tape stripping (Kao et al. 2003).
The application of stress hormones resulted in delayed barrier recovery after
stripping and abnormal SC integrity and cohesion (p=0.05). Numbers on the

study were small so further evidence is required.

A six month longitudinal study of patients in the Netherlands with psoriasis
measured serum cortisol, Psoriasis Area Severity Index and self-reported
measures of daily stressors over six months (n=62, 73% male, 27% female).

The result was that peak levels of daily stressors predicted an increase in
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disease severity four weeks later (Evers, Verhoeven et al. 2010). The

unequal male/female ratio may have affected results.

In summary evidence suggests that psychological factors such as stress,
increases glucocorticoid levels which negatively affects SBF by delaying skin
barrier recovery and SC cohesion/integrity. No published studies were found
on the effects of stress on the skin of indigenous people in resource-poor

countries. This is an area requiring further research.

It is increasingly recognised that skin disease can significantly impact on
psychological health, social functioning and daily activities of patients and
their families (Schofield, Grindlay et al. 2009). These issues related to
podoconiosis were previously discussed in Section 2.3.12. The psycho-

social effects of other skin diseases are discussed next.

2.5. THE PSYCHO-SOCIAL IMPACT OF SKIN DISEASE.

Skin is the individual’s interface with their environment. Judgements on a
person’s age, ethnicity, health status, hygiene levels and attractiveness are
made by others observing the condition of their skin. Any skin disfigurement
may result in ridicule, depression, lack of self-esteem, social isolation, loss of
income, reduction in a person’s chance of marriage and stigmatisation.
Imperfections may be interpreted as unhealthy, ugly and likely to be a source
of infection. An enquiry by The All Party Parliamentary Group on Skin into
the impact on people’s lives of skin disease highlighted the prejudice and
discrimination they experience (All Party Parliamentary Group on Skin 2003).
Those with skin disease avoided activities in which it might be necessary to
expose their skin such as sporting activities, being photographed and
meeting new people. This limited their social lives. The authors stated that
the effects of skin disease are considerable and undervalued affecting lives
psychologically comparable to the effects of those with arthritis or other
disabling ilinesses (Barankin, DeKoven 2002). Several studies have noted
the psychological and social issues related to skin disease. The
psychological issues include stress, anger, anxiety, depression,
embarrassment, helplessness, guilt, irritability, low confidence, loneliness
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and low self- esteem. Social issues include performance and relationship
issues, sexual problems, social isolation, increased alcohol intake, bullying,
loneliness, sleep deprivation and victimization (Barankin, DeKoven 2002,
Schofield, Grindlay et al. 2009, Millard, Millard 2010).

There are a number of tools for measuring the impact of skin disease on
quality of life. They include: Dermatology-Specific Quality of Life (DSQL),
Dermatology Quality of Life Scales (DQOLS), Health Related Quality of Life
(HRQOL), Nottingham Health Profile (NHP), Short-Form-36 (SF-36),
Sickness Impact Profile (SIP) and World Health Organization Quality of Life
(WHOQOL) and Dermatology Life Quality Index (DLQI). DLQI in those with
podoconiosis was discussed further in Section 2.3.13. No systematic reviews
were found on the psychological effects of skin disease in general or on
those in developed or resource-poor countries; therefore the following
selection of larger published studies on different aspects of quality of life of
those with different skin diseases in both the developed and resource-poor

countries were included.

Skin disease was reported to have a significant impact on the quality of life
of American patients with psoriasis who completed a non-disease specific,
health related quality of life (HRQOL) questionnaire. This was then
compared to those of patients with other chronic health conditions such as
cancer, heart disease, diabetes, depression and arthritis. The impact on
HRQOL was found to be similar to the other chronic diseases some of which
are potentially fatal (n=318) (Rapp, Feldman et al. 1999). The impact of two
skin diseases on the domestic and social lives of patients was the focus of a
cross sectional study in India which compared patients with vitiligo (n=150,
mean age 35.11 years) to those with psoriasis (n=150, mean age 42.13
years) (Pichaimuthu, Ramaswamy et al. 2011). Problems in participating in
work, education and employment as well as in community and civic life were
significantly greater than in the vitiligo patients (p=0.027). This difference
may have been due to those with psoriasis having more of their skin and
more parts of their body affected. No differences were noted in minor
psychological morbidity, self-consciousness and neuroticism between those

with different skin diseases (acne, psoriasis and atopic eczema) (n= 180) in
80



a cross sectional study in Australia (Magin, Pond et al. 2008). Higher levels
of moderate to severe depression and personality disorders in those with
skin disease were reported in an Iranian study of 144 dermatology patients
and 100 controls (Rasoulian, Ebrahimi et al. 2010). Some suffered with
moderate to severe depression (77 (70%) patients versus 26 (20%) controls)
and some from personality disorders (22 (15.27%) patients and five (5%)
controls. They concluded that skin disease is associated with deep
emotional suffering. A questionnaire study of anxiety and depression in an
Italian dermatology out patients (n=567) revealed 149 (26.2%) of
participants, scored positive for anxiety, and 52 (9.2%) scored positive for
depression (Mazzotti, Mastroeni et al. 2012). They suggested that stress
management and psychological support should be incorporated into the

treatment of these diseases.

Despite the use of different outcome measures and in some of the control
studies which had different numbers in each arm, all the studies all indicate
that skin disease can have a profoundly negative effect on the mental and
emotional health and quality of life. This effect is consistent across different
age groups, racial groups and cultures and in both the developed and
resource-poor countries. In order to reduce its psycho-social impact those
with skin disease need to improve the condition of their skin. Improving and
maintaining SBF ensures that the appearance of skin improves and that it is
able to fulfil all its functions. This is discussed in the next section with
particular reference to the skin management regime currently used for those

with podoconiosis.

2.6. IMPROVING AND MAINTAINING HEALTHY SKIN BARRIER

FUNCTION.

Cleaning the skin is an essential skin management therapy generally
achieved by washing in water but the quality and temperature of the water is
important and this is discussed in 2.6.1.1 and 2.6.1.2. Soap may be added to
help remove dirt but this may adversely affect SBF. These issues and the
use of emollients to improve SBF are discussed next.
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2.6.1. MAINTAINING OPTIMUM STRATUM CORNEUM HYDRATION AND TRANS-

EPIDERMAL WATER LOSS.

Under normal conditions the surface of the skin is continually loosing water
to the atmosphere. This is replenished from the epidermis beneath creating
a water gradient which decreases towards the surface of the skin. The water
gradient effects SBF and the enzymes which control desquamation. Any
alteration in the optimum levels of this gradient may result in ‘dry skin’
(Crowther, Matts et al. 2012). Prolonged exposure of skin to water, exposure
to variable temperatures and humidity, the application of cleansers and skin
disease can all upset normal SC hydration leading to dryness and increased

desquamation. These issues are discussed further in the following sections.

2.6.1.1. WATER FOR CLEANING THE SKIN.

To maintain its functions skin needs to be kept clean, surface dirt and
excessive grease removed and the build-up of micro-organisms on its
surface prevented. The cleaning process also rejuvenates skin by assisting
exfoliation. Bathing or showering in water alone cleans the skin by
mechanical means but, prolonged or too frequent contact with water actually
makes skin drier. This is because NMF components in the SC are water
soluble and easily leached from cells during water contact. Studies suggest
that exposure to water of less than 1 hour even if repeated over a day or
several days had no damaging effects on the intercellular lipids (Ramsing
1997, Warner, Stone et al. 2003).

A literature search found the following three small published studies. In the
first the effect of water on experimentally irritated skin was investigated on
21 volunteers. One hand was exposed to water for 15 minutes twice a day
for two weeks. The other hand served as a control. TEWL and skin hydration
were measured and it was reported that immersion in water did not
significantly alter TEWL. The conclusion was that exposure to water for 30
minutes daily does not disrupt the SC barrier of previously sub-clinically
irritated skin (Ramsing 1997). A further small study placed water on the volar
forearms of two healthy males, aged 38 years and 54 years. This was sealed

under an occlusive dressing. The control site was a third area on the same
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forearm. After four and 24 hours shave biopsies were taken. The skin
exposed to water for four hours and 24 hours showed a three or four fold
expansion in the thickness the stratum corneum respectively. The
corneocytes swelled and large pools of water were found in the intercellular
spaces. These increased in size over time. Their conclusion was that when
the skin is exposed to water for over 1 hour it causes significant swelling of
corneocytes (Warner, Stone et al. 2003). The third study on normal skin on
the back and shin noted that endogenous glycerol levels significantly
reduced following a <5 minute soap-less shower (p=0.002). The study also
assessed SC hydration in sites on the forearms after a 20 minutes water
soak. The decline in SC hydration (p=<0.01) was matched by a significant
decrease in SC glycerol (p=0.034) (n=8) (Choi, Mao-Qiang et al. 2005).
Although the study was small it suggests that endogenous glycerol
influences SC hydration. From the studies it seems that immersion of skin in
water should be kept to a minimum to maintain endogenous glycerol levels,
hydration and TEWL. Additional larger studies are required to provide further

evidence.

The quality of washing water is important for maintaining skin health. A
Cochrane review analysed 11 randomized and quasi-randomised into the
effects on wounds of drinkable quality tap water compared to other wound
cleansing solutions (Fernandez, Griffiths 2008). The studies were of variable
quality. Trials on burns and dental procedures were excluded. The other
solutions used were normal saline, procaine spirit, distilled water and boiled
water. The studies were undertaken in various settings including hospitals
and the community. Patient’s ages ranged from 2-95 years. The review
concluded that using tap water to cleanse acute wounds in adults did not
increase infection rates. The reviewers concluded that where tap water is of
drinkable quality it may be as good as other methods such as sterile water or
saline and more cost-effective. It is now extensively used in the UK for
managing wounds. Drinkable quality water should therefore be suitable for
washing the skin of those with skin disease. This is because the reduction in

SC barrier function in their skin makes it more susceptible to infection.
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The temperature of washing water is also important as it can affect SBF.
Only two studies were found related to this both with small numbers. A study
on surfactant-induced skin irritation focused on the effect of water
temperature (n=10) (Berardesca, Vignoli et al. 1995). Four random areas on
the volar forearm of were treated daily with 5% lauryl sulphate for four days.
The solutions were at three temperatures: 4°C, 20°C and 40°C. One site was
the control. On the fifth day skin irritation was assessed using TEWL
measurement, erythema, skin reflectance, SC hydration and desquamation.
Skin damage was higher on sites treated with higher temperatures. Results
indicated a highly significant effect of the solution’s temperature on skin
irritation (p=<0.001). Another study compared the effects of blood flow in the
foot following immersion in a warm bath (100°F/37.8°C) to contrast baths
(Petrofsky, Lohman Il et al. 2007). Measurements were made by laser
Doppler flow meter on dorsal and plantar aspects. Feet were immersed in
the warm bath or for three minutes followed by 1 minute cold 60°F/15.6°C.
The cycle was repeated for 16 minutes. Fourteen participants, average age
of 55.1 years were compared to 12 people, average age 23.9 years. The
blood flow increased in both groups with the warm bath. There is a lack
papers published on the most effective water temperature for washing but
hot water essentially removes more lipids from skin. Warm water immersion
increases blood flow in feet and barrier function recovery. It would appear
that to avoid skin damage washing water should be at or near the normal
body temperature of 37.2°C. In a guide on protecting skin and preventing its
breakdown it is recommend that very hot water should be avoided as it

increases evaporation and removes skin lipids (Ersser 2010).

Water alone cannot remove oily, organic soiling. It requires a cleansing
agent. There are three major categories of cleansing agents: soaps
(detergents), syndets, and lipid-free cleansing agents. Although there are
three categories, soap will be the focus of the next section as it the only
cleanser used extensively in Ethiopia where the study will be based.

2.6.1.2. SOAP FOR CLEANING THE SKIN.

The following table 2.5 identifies some of the constituents of typical soap
bars.
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Table 2.5. Typical composition of soap bars adapted from

(Ananthapadmanabhan, Moore et al. 2004).

Soap bar (ordinary) Soap bar (super-fatted)
Sodium tallowate Sodium tallowate
Sodium cocoate Glycerin
Sodium cocoate
Sorbitol

Palm kernelate

Types Sodium chloride

Sodium palmitate

Pentasodium pentetate

Water

Tetrasodium etidronate

PEG-6 methyl ether

Butyl hydroxy toluene (BHT)

Palm acid or tallow acid

Titanium dioxide

Soaps clean by acting as an emulsifier allowing oil and water to mix in order
that oily substances and dirt can be removed during rinsing. They are
obtained by treating vegetable or animal oils and fats with a strong alkaline
solution. Fats and oils are composed of triglycerides: three molecules of fatty
acids attached to a single molecule of glycerol. The alkaline solution brings
about a chemical reaction known as saponification. In saponification, the fats
are first hydrolysed into free fatty acids, which combine with the alkali to form
a basic soap. The glycerol (glycerine) which is liberated is either left in the
soap or washed out and recovered as a useful by-product. Super-fatted

soaps contain extra fats such as glycerine and palm oil.

Soaps may leave a residue on skin that can be irritating. All testing methods
of soaps indicate that frequent exposure induces barrier damage and skin
dryness followed by inflammation (Wolf, Parish 2012). An expert
dermatology symposium report noted that most soap has a pH of over 7 with
some as high as 10 (Ananthapadmanabhan, Subramanyan et al. 2013). A
high pH affects the acid mantle of the skin changing it from one which is
slightly acid into one which is more alkaline and decreasing the fat content.
This causes an increase in surface micro-organisms, colonisation and

possible infections by pathogenic bacteria.

The effects on skin micro-flora of washing with soap and water versus

washing with a no-rinse cleanser were compared in healthy adult volunteers
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(n=45) (Ronner, Berland et al. 2010). A solution of test bacteria, either
Escherichia coli or Staphylococcus aureus, was applied to participant’s
forearms. After 15 minutes incubation one arm was cleaned using soap and
water and the other arm was cleaned with the no-rinse cleanser. Both
cleaning methods resulted in 4-5 fold log reductions in bacterial count. A 4
fold log reduction means the number of pathogens is 10,000 times smaller
and a 5 log reduction that the number of is 100,000 times smaller. A
randomised controlled study of faecal hand contamination recruited 20
volunteers who deliberately contaminated their hands by touching door
handles and railings in public places. They were then randomly allocated to
either hand washing with water or hand washing with non-antibacterial soap
or no hand washing. Each performed the procedure 24 times resulting in 480
samples. Bacteria of potential faecal origin (mostly Enterococcus and
Enterobacter spp.) were found after no hand washing in 44% of samples.
Hand washing with water alone reduced the presence of bacteria to 23%
(p=<0.001). Hand washing with soap and water reduced the presence of
bacteria to 8% (comparison of both hand washing arms: p=<0.001). The
effect did not appear to depend on the bacteria species (Burton, Cobb et al.
2011). The results of this small study indicates that washing with non-
antibacterial soap is more effective in removing faecal bacteria than washing

with water alone or no washing.

In conclusion conventional soaps remove natural oils from skin so are not
suitable for those with dry skin conditions. The surface pH value (acid
mantle) in healthy skin is normally acidic with a pH value of 4-6 (Ali,
Yosipovitch 2013). Most soap is alkaline and therefore alters the skin’s
normal acid mantle and normal skin flora making it more susceptible to
pathogens. Soaps which are super-fatted and have a pH nearer the normal
skin surface pH values are therefore preferable. After washing careful drying
of the skin is important as it may cause disruption to the skin surface, this

discussed next.
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2.6.2.EFFECT ON SKIN OF THE COMBINATION OF DIFFERENT WASHING AND

DRYING TECHNIQUES.

An experimental cohort design study of healthy volunteers had six different
washing and drying techniques applied to their volar forearms (n=15).
Participants underwent three washing and drying procedures on each arm.
Each technique was repeated twice, separated by a two hour rest period.
The skin was assessed by measuring TEWL, SC hydration, skin pH, and
erythema. Comparisons were made between washing with soap or water
alone, and drying using a towel (rubbing and patting) or by evaporation.
TEWL increased after each type of washing process and increased further
with repeated washing. There was an increase in skin pH with all washing
and drying techniques, especially when soap was used. No significant
changes were observed in SC hydration when measured with a
corneometer, although there was a tendency for the values to decrease with
washing (Voegeli 2008a). The study was small and soap pH was not
reported but the data suggests that washing with soap and water and towel
drying had a significant disrupting effect on the skin's barrier function. A
cumulative effect of increasing damage may occur as washing and drying

frequency increases.

2.6.3. EFFECTS ON SKIN OF DIFFERENT DRYING PRACTICES.

Only two published research articles were found on this topic. A small South
Korean study enrolled females aged 19-34 years to investigate the acute
effects on forearm skin of weekly rubbing with a rough towel (n=10) (Huh,
Seo et al. 2002). Rubbing was undertaken after soaking the skin for 5
minutes in warm water (36°C). A further 32 women aged 19-49 years were
enrolled to investigate any chronic effects. None of the women had
dermatological problems. The skin was rubbed 0, 5, 10 and 15 times,
although the degree of rubbing was not controlled. All of the measurements
were performed at a constant room temperature of 20-22°C and a relative
humidity of 30%-32%. There was a decrease in the water holding capacity of
the SC six hours after treatment. This decreased further until after day three

when it returned to normal levels. TEWL also peaked at day two and

87



declined thereafter. There were no changes noted in the SBF or the water
holding capacity but the stratum corneum turnover time was shortened. This
would indicate that the SC in those with normal skin is able to return to
normal within a few days of rubbing with a towel. However more frequent
washing and rough drying would not have allowed the SC to recover before
another episode of the treatment. An experimental cohort study indicated
that drying the skin by patting with a towel increased TEWL and did not offer
any advantage over conventional gentle rubbing (n=15) (Voegeli 2008b).
This he suggests was because it left the skin significantly wetter and at
greater risk of frictional damage. The definition of gentle rubbing was not
given. From very limited evidence of these two small studies it would seem
that in order to avoid damage to the SC, drying is best undertaken by gentle

rubbing with a towel.

Emollients are increasingly used to hydrate and improve the appearance of
skin. They are discussed in the next section. Emollients are particularly
important in those with podoconiosis a disease caused by a defect in SBF as

they have the ability to improve SBF.

2.6.4. EMOLLIENTS.

Emollients are topical products used to hydrate the SC. They are designed
to make the external layers of the skin softer and more pliable. They may be
composed of naturally occurring skin lipids and sterols as well as artificial or
natural oils and lubricants. Occlusive emollients form a thin film on the skin’s
surface filling the spaces common in dry skin conditions between the
desquamating corneocytes, smoothing the SC surface and increasing the
skin’s ability to hold water (Levi, Weber et al. 2010). They may be found in
bath additives, skin cleansers or in ‘leave on’ products. Only ‘leave on’
products will be discussed as bath additives and skin cleansers are generally

not available in Ethiopia where the study will be conducted.

2.6.4.1. ‘LEAVE-ON’ EMOLLIENTS.

‘Leave-on’ emollients are available in the form of:-
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Lotions which contain high levels of water and are easily absorbed by the
skin.

Creams which contain oil and water but are thicker and greasier than lotions.
They contain preservatives and emulsifiers which are potential sensitizers.
Because of this they are not recommend for those with damaged skin
(Penzer 2012).

Ointments which are heavy and greasy and so are often not acceptable to
patients (British National Formulary March 2015). They do not contain any
water or preservatives and so are less lightly to cause sensitization. Other
products may be added to ointments to increase their effectiveness but could
cause sensitization.

Gels contain oil and water. The gelling agent dissolves when applied to the
skin. This allows the oil to stay on the skin longer and is less vulnerable to

being washed off.

‘Leave on’ emollients often contain humectants which absorb water from the
air increasing the water content in the SC. Glycerine (glycerol, glycerin) is
widely used in pharmaceutical formulations as an humectant. Because of its
non-toxicity, low cost, readily availability in Ethiopia and has many beneficial

effects on skin it is worthy of focussed attention.

2.6.4.2. GLYCERINE.

Glycerine is a NMF produced endogenously but it may also be
manufactured. It is a sweet-tasting, colourless, odourless, viscous liquid that
dissolves easily in water. It attracts water from its surroundings by absorption
and adsorption slowing or preventing excessive drying and evaporation.
Glycerine is non-toxic and non-irritating when applied to the skin (Atrux-

Tallau, Romagny et al. 2010, Roussel, Atrux-Tallau et al. 2012).

There have been many studies on the effects of glycerine on the SBF used
alone or in combination with other substances. Studies range from
randomised double blind studies to comparative biometric skin tests. Effects
studied include: SBF, skin barrier repair, anti-irritant effect, penetration
enhancing properties, skin mechanical properties and quality of life

(Appendix 3). A review of five double blind randomized clinical studies was
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undertaken on patients with severe winter dry skin from 1991-1996 (n=394)
(Appa, Orth 1997). Two high glycerine moisturizers were compared with 16
other moisturizers. One g (=0.0353 ounce) of the test material was applied to
the test site (lower leg or back of both hands) 8 hours apart twice a day for 3
weeks. In the first 5 minutes following the application of glycerine to dry skin
there was a flood of moisture to the skin followed by decrease to a constant
level after 10-20 minutes. The constant level was higher in skin treated with
moisturizers containing higher glycerine levels of >25% than in skin treated
with <10% glycerine. The areas treated with >25% glycerine restored the SC
to normal hydration levels during the treatment. Evaluation was by self-
assessment using a grading system, skin conductance and TEWL. The
effects of glycerine on skin moisturization were reported as: moisture
maintenance, providing constant osmotic pressure and by regulating water
and salt concentrations in the intracellular environment. It also maintained
the fluidity of cell membranes and intercellular lipids and normalized the
regulation of desquamation by hydrating enzymes. Glycerine is noted to be
one of the best natural skin moisturizers (Chrit, Bastien et al. 2006). It is
used in skin care products because of its moisturizing and plasticizing effects
on the SC which prevent and treat dryness. The effects of glycerine on SC
hydration have been reported to last for 1 week and 2 weeks post treatment
(Fluhr, Gloor et al. 1999, Breternitz, Kowatzki et al. 2008). A review of the
literature summarizes the effect of glycerine as: improving SC hydration,
inhibiting SC lipid phase transmission, improving SBF, enhancing
desmosomal degradation, improving skin mechanical properties,
accelerating wound healing and protecting against irritating stimuli (Fluhr,
Cavallotti et al. 2008).

Glycerine also has virucidal and antimicrobial effects. The virucidal effects of
glycerine were noted in a study of allograft skin preservation in which 85%
glycerine destroyed or inactivated viruses (van Baare, Buitenwerf et al.
1994). The antimicrobial effects on allograft skin incubated with
pseudomonas aeruginosa, staphylococci aureus and bacillus subtilis at
temperatures of 4°C, 24°C and 36°C have also been studied. Cell
populations declined faster in those treated with 85% glycerol compared to

the control. The antimicrobial effects of glycerine were more evident at 36°C.
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Gram-negative species (e.g. Escherichia coli, salmonella and pseudomonas
aeruginosa) were more susceptible than Gram-positives (e.g. staphylococci
and streptococci) perhaps due to the difference in the bacterial wall structure
between the groups (Saegeman, De Vos et al. 2007). Further long term tests
indicated that 85% glycerine had an antimicrobial effect on eleven bacteria
with mean survival time ranging from 2.6 to 29 days (Saegeman, Ectors et
al. 2008).

Glycerine activates transglutaminase in the SC accelerating maturation of
corneocytes and reducing scaling in xerotic skin (Anderson, Dinulos 2009). It
is also able to sustain its moisturizing effect after it is no longer detected on
skin by modulating water channels (aquaporin-3) within the skin (Draelos
2010). Aquaporins are a family of trans-membrane proteins that form water
channels across cell membranes. Aquaporin-3 transports water, glycerol and
small solutes across the plasma membrane (Jungersted, Bomholt et al.
2013). A report from a global expert dermatology symposium notes that
using glycerine to hydrate the SC corrects the effects of cleanser induced
skin damage (Ananthapadmanabhan, Subramanyan et al. 2013). A Korean
study investigated the moisturizing effects on healthy skin of 41 components
of oil in water emulsions (O/W) on SC hydration (n=177). From these 106
different single oils, and combinations of oil with oil, wax, humectants and
surfactant were formulated and tested on volar forearms. Capacitance tests
30 minutes after application found that only the humectants urea and
glycerine had significant positive effects on SC hydration compared to other

humectants (Jeong, Han et al. 2013).

In summary the effects of glycerine on skin and its barrier function have
been extensively studied and found to be positive. Glycerine effects are dose
dependant with higher levels producing the most positive effects. However,
low concentrations of glycerine between 0.02% - 5% have also had a
positive effect on SBF. Glycerine is low cost and widely available making it
an ideal treatment for dry or compromised skin especially in resource-poor
countries. Choi et al (2005) suggested that glycerol containing therapeutic
moisturizers should be developed. But despite this the British National

Formulary lists only one emollient and one wash preparation containing
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glycerine (at 10% and 15%) in the ‘Emollients and barrier preparations’
section (British National Formulary March 2015). The fat and oils used in
emollients are a subgroup of lipids known as triglycerides and are the topic

of the next section.

2.6.4.3. FATS/OILS IN EMOLLIENTS.

The common fats in moisturizers are animal fats, mineral oils and vegetable
oils. They are all occlusive to some degree. Because they are greasy they
may rub off on clothes and be unacceptable to some people. In order to
avoid folliculitis they should be applied following the direction of hair growth
(Penzer 2012). Lanolin is the most commonly used animal fat in emollients.
It is secreted by the sebaceous glands of wool-bearing animals. Most lanolin
used by humans comes from domesticated sheep. It is occlusive and used
extensively in products designed for the protection and treatment of dry skin.
Paraffin and soft white paraffin which are highly refined mineral oils are also
occlusive. They are hydrophobic (water-repelling) forming a barrier on the
surface of the skin protecting against water loss. Vaseline® is 100% white
petrolatum. It is able to penetrate the upper layers of the SC maintaining its
water content and create the environment for fibroblast migration resulting in
restoration of SBF (Draelos 2010). By blocking evaporation it helps keep
skin moist and supple. An in vivo evaluation of three barrier creams placed
on the volar forearms on healthy men found only Vaseline® to be 100%
effective when applied at a rate of 3mg/cm?. Measurements were laser
scanning microscopy, laser Doppler flowmetry, and the tape-stripping
procedure. An extension of the same study investigated the penetration of a
hydrophilic dye using the tape stripping technique and histological
investigations. Only beeswax and Vaseline® showed 100% protection
against the dye (n=6) (Teichmann, Jacobi et al. 2006). A study of skin
hydration measured via the reflection of millimetre (mm) wavelength
electromagnetic waves. It found that a thin layer (about 0.2-0.5mm) of
Vaseline® entirely blocked the water loss from the SC (n=12). An additional
study measured TEWL on 3 sites on each forearm (n=10). TEWL
measurements were taken 15 min, 1, 2, 3 and 4 hours after product
application. TEWL was lower in the sites using Vaseline® applied at rate of

2mg/cm? than in the control site to which nothing was applied signifying
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Vaseline’s® occlusive properties (p=20.05) (Marques, Basso et al. 2007).
Another small study investigated the penetration of five oils after 30 minutes

on skin and their influence on SBF (n=6). Vaseline® was applied at a rate of

2mg/cm? as the control because of its occlusive properties. The area

covered with Vaseline® showed the highest decease in TEWL (p=0.05)

(Patzelt, Lademann et al. 2012). Occlusives such as Vaseline® applied to

skin in combination with a humectant such as glycerine have been shown to

significantly reduce TEWL (Draelos 2010). When Vaseline® was applied to

skin already treated with other moisturizers, SC hydration remained at the

maximum level achieved with these moisturizers for longer than the areas

where Vaseline®was not applied (n=12) (Alekseev, Szabo et al. 2008). A

review compared the skin benefits of mineral oils such as Vaseline®to

vegetable oils (Rawlings, Lombard 2012). The results appear in Table 2.6.

Table 2.6. Comparison of vegetable oils and mineral oil for a series of

skin parameters (Rawlings, Lombard 2012).

Parameter Vegetable oils (average) - Mineral oil - derivative of
derivative of various petroleum
plants
Occlusivity Medium at most because of High (because of alignment of
chemical diversity straight alkyl chains)
Emolliency (the Variable High
degree to which
the oil provides
softness to the
skin)
Blocking pores Rarely Not (based on experimental

(acne inducing) findings)
Moisturizing Variable, mainly medium, Medium
(increasing but biologically active
moisture content ingredients
of skin) can deliver improved

moisturising with time (after

weeks of treatment)
Skin elasticity Low Low
(increasing
flexibility of skin)
Substantivity Extremely variable, from Medium

(extent to which a
chemical

remains on the
skin)

very low to very high

Skin penetrability

Variable, but on average
some penetration because
of smaller chemical
structures than mineral oil

Low to extremely low because
of molecular size of alkyl chains
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Only ranges were given for vegetable oils as they are an extremely diverse
group. Care was taken to list the ‘average’. Details of the review period and
articles surveyed were not given. From this limited evidence it would seem
that on average mineral oils such as Vaseline® are more beneficial to skin
than vegetable oils. Although all trials on Vaseline® were on small numbers

they all indicated high levels of occlusion when measured quantitatively.

Vaseline® is currently used in podoconiosis clinics and applied after washing
the legs/feet with soap and air drying. The studies reported in 2.6.4.3
suggest that its effect might be further enhanced by the prior use of a
moisturizer. Yet moisturizers may not be without harms as some
moisturizers contain potential allergens and sensitizers in the form of
perfumes, preservatives, antimicrobial agents, fungicides, thickeners,
synthetic moisturizers, antioxidants and emulsifiers. These are particularly
liable to affect damaged or diseased skin and are the focus of the following

section.

2.6.4.4. POTENTIAL ALLERGENS AND SENSITIZERS IN EMOLLIENTS.

Emollients should be used with care because of their possible detrimental
effects it is therefore advisable to choose one containing the least or if
possible no sensitizers. The possible sensitizers found in moisturizers are

shown in the Table 2.7.

Table 2.7. Potential sensitizers found in emollients (British National
Formulary March 2015).

Beeswax Imidurea

Benzyl alcohol Isopropyl palmitate

Butylated hydroxyanisole N-(3-Chloroallyl) hexaminium chloride
(quaternium 15)

Butylated hydroxytoluene Polysorbates

Cetostearyl alcohol including cetyl and Propylene glycol

stearyl alcohol

Chlorocresol Sodium metabisulphite

Editic acid (EDTA) Sorbic Acid

Ethylene diamine Wool fat related substances including
lanolin

Fragrances Hydroxybenzoates (parabens)

Despite the fact that emollients have been used for many years there is an

almost complete lack of experimental data on how they should be applied for
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maximum therapeutic effect (Penzer 2010b). The following section focuses

on when, how and how much emollient to apply.

2.6.4.5. APPLYING EMOLLIENTS TO THE SKIN.

Due to a lack of evidence on the current use of emollients current use is
often based on ‘custom and practice’. Emollients can be applied ‘as often as
necessary’ but it is generally recommended to apply ‘liberally’ and

‘frequently’ to keep skin well moisturised and in good condition.

2.6.4.6. WHEN AND HOW TO APPLY AN EMOLLIENT.

Various regimens are currently used to apply emollients including application
to dry skin, application after bathing or washing and adding them to bathing
water. Published research on the topic is limited. A quantitative assessment
of a combination of bathing and moisturizing regimens on SC hydration was
undertaken on those with atopic dermatitis and five with healthy skin (n=10)
(Chiang, Eichenfield 2009). Four bathing/moisturizing regimens were
evaluated. The moisturizer used was Cetaphil Cream™ which contains
glycerine as its second ingredient and water as the first. The regimens were:
- ten minute bath alone, ten minute bath with immediate emollient
application, ten minute bath with delayed emollient application (thirty minutes
post bath) or emollient application alone. Each regime was evaluated in all
subjects. SC hydration was measured using standard skin capacitance
measurements. In atopic patients the result was that the emollient cream
alone resulted in greater mean hydration (p=0.05) over 90 minutes (206.2%
baseline hydration) than bathing. Bathing followed by immediate moisturizer
application provided modest hydration benefit (141.6 % baseline hydration).
Bathing alone was the least effective with 91.4% of baseline hydration. In
this study application of the moisturising cream to the skin without prior
bathing provided the most beneficial results. However the trial was small, the
numbers in each arm were different and there was no comparison with any
other emollients. Japanese studies investigated the effects on skin
conditions and the prevention of skin disorders of bathing in warm water
(liyama, Kawahira 2008). The first study was non-randomly divided into two
(n=18). One group had baths in water only and the other with 0.02%
glycerine added. Subjects all bathed twice weekly immersed in the water at
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40° to 41° for 2-3 minutes for 6 months. The second study was retrospective
(n=78). Patients bathed in water with added glycerine as mentioned
previously, over the same period and with the same frequency. After six
months of the glycerine bath regime SC moisture levels at the forearm and
forehead measured quantitatively improved significantly in the glycerine
group (p=<0.05). The moisture level was higher in other skin areas in the
glycerine group too but without significance. Skin sebum level at the
forehead improved significantly in the glycerine group (p=0.05) (liyama,
Kawahira 2008). The number of diagnosis, drugs and areas of skin disease
were significantly lower in the glycerine group. The researchers concluded
that the glycerine baths maintained the skin’s moisture and sebum
preventing skin disorders. Although the dilution of glycerine used in this

study was small it was still effective.

In the guidelines ‘Advised best practice on the use of emollients in eczema
and other dry skin conditions’ it is suggested that emollients are best applied
when the skin is moist as it is after bathing or washing when the skin has a
high water content and that they should ideally be applied to the skin at least
three or four times a day (Holden, English et al. 2002). The guidelines are
supported by the National Eczema Society and accredited by the British Skin

Foundation.

2.6.4.7. HOW MUCH EMOLLIENT TO APPLY.

The amount of emollient required to have a beneficial effect will depend on
the extent of the area affected and the level of dryness. Because of this
health care workers have to make an informed judgement and give precise
instructions on the amount required to individual patients. General guidance

on quantities is given in Table 2.8.
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Table 2.8. Guidance on the quantities of emollient that should be

applied (British National Formulary March 2015).

Area of the body Creams and ointments Lotions (ml)
(grams)
Face 15-30 100
Both hands 25-50 200
Scalp 50-100 200
Both arm or both legs 100-200 200
Trunk 400 500
Groins and genitalia 15-25 100

5 grams is equivalent to a teaspoon and 20 grams to a tablespoonful

These amounts are usually suitable for an adult for twice daily application for
1 week. Custom and practice is that an adult with a dry skin condition should

use around 500g per week and a child half that amount.

2.6.5. SUMMARY OF SECTION 2.6.

From the available evidence it would seem that washing the skin should be
undertaken to remove skin flakes and micro-organisms. Water alone is
sufficient if there is no oil or soil contamination. Soaps may be necessary to
remove dirt, oil and grease from skin but may contain surfactants. These are
best avoided as they are a skin irritant. Cleansing products with a neutral or
near neutral pH are preferable and skin should be immersed in warm
drinkable quality water for less than 30 minutes per day to avoid altering the
skin’s natural balance. To achieve drinkable quality water dilute sodium
hypochlorite may be used as a disinfectant. The water should be as near to
body temperature as possible (37.2°C). Drying should be carried out by
gentle rubbing. Emollients are useful for SC hydration and maintaining SBF.
They are best added to washing water or used immediately afterwards. For
severe skin disease applications twice daily or more are recommended.
Glycerine is a non-toxic and non-irritant emollient. It is very effective at
improving SBF. It is comparatively inexpensive, skin safe and easily
accessible making it ideal for use especially in resource- poor countries. It is
effective in increasing SC hydration in dilutions of 0.02% but is dose
dependant with maximum positive effects to the SC being achieved with

dilutions over 20%. It should be used at least daily.
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The following section summarizes the key information found in the literature
search. This provided the research evidence for an improved skin regimen
for use in those with podoconiosis. It also provided information on the
measurements and data required to demonstrate an improvement in SBF

and the quality of life of those with podoconiosis.

2.7. SUMMARY OF CHAPTER 2.

Podoconiosis affects some of the poorest people in more than 20 countries
across the world. It is found in areas with the combination of volcanic soil,
high rainfall, high altitude and low incomes. In Ethiopia 3 million people are
estimated to have the disease and 19 million more are at risk. Itis a
treatable non-infectious disease caused by a breach in SBF which allows
particles of soil and pathogens to enter the skin causing an abnormal
inflammatory reaction. This atypical reaction is due to a genetic defect in the
immune system involving TGF- 31 and oxidative stress. Podoconiosis
results in high levels of social stigma. Due to frequent episodes of ADL
causing severe pain work days are lost significantly affecting the economic

status of individuals, societies and consequently countries.

Wearing protective shoes is important but because soil and pathogens may
still be in contact with plantar skin improving the SBF of those with
podoconiosis is vital in order to successfully treat the disease. Current
treatment is effective but may not be optimum. Glycerine is a very effective
humectant/emollient which increases SC hydration and reduces TEWL.
Emollients are most effective when added to soaking water or applied to
damp skin. A thin layer of Vaseline® significantly reduces TEWL and when
applied to skin following the application of a humectant such as glycerine SC
hydration remained at the maximum level achieved with the glycerine
(Alekseev, Szabo et al. 2008). Measuring the SBF using non-invasive
probes is a reliable quantitative method of determining its health. The
severity of podoconiosis may be reliably determined using the five stage
system developed specifically for those with podoconiosis. The Amharic
DLQI is a valid and reliable tool for measuring the quality of life of those with
podoconiosis. Measuring the largest leg and foot circumference is helpful in
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determining disease improvement or progression. The current skin
treatment regimen for podoconiosis is effective but not evidence based and
may not be the optimum treatment. It consists of washing with soap, soaking
the leg/feet for approximately 30 minutes in water with added NaOCI, air
drying and the application of Vaseline®. Antifungals are used if required. No
pre/post intervention studies of podoconiosis were found in the literature
search.

Prior to the research a pilot study was undertaken. This was to test the
effects of the various skin regimen elements used in APA clinics on SBF.
The effects of these have not previously been studied. Details of the pilot

study, the analysis and results are provided in the following Chapter 3.
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CHAPTER 3. PILOT STUDY

3.1 INTRODUCTION.

Podoconiosis is the result of an inflammatory reaction. To test the various
components used to treat the SBF in the Actions on Podoconiosis Clinics
(APCs) in Ethiopia a pilot study was undertaken. Due to the practical difficulties
and increased financial cost of undertaking a pilot study in Ethiopia the decision
was made to base it in the UK. A common skin condition in the UK which is also
caused by an inflammatory reaction is xerosis. This is estimated to affect 75%
of those over 75 years of age (Barco, Giménez-Arnau 2008). This is because as
skin ages sweat glands atrophy and sebum production decreases. Stratum
corneum lipids also reduce decreasing the ability of the skin to retain water.
This results in dry, thickened, flaky, reddened skin (xerosis) which initiates an
inflammatory response. The lower leg is one of the places most likely to be
effected (Balaskas, Szepietowski et al. 2011). The inflammatory response
worsens without intervention. To break the cycle of progression there is a need
to treat the symptoms, repair the SC and enhance the SC barrier function
(Rawlings, Matts 2004). As previously mentioned xerosis generally affects older
people so a residential care home and the local Women'’s Institute where older

people were likely to be found were contacted for possible participants.

Glycerine was added to the pilot interventions because 20 published research
studies from 1984-2010 indicate its very positive effect on human skin
(Appendix 3). Emollients such as glycerine have also been shown to decrease
TEWL when applied to the skin before the application of the occlusive Vaseline®
(Alekseev, Szabo et al. 2008, Patzelt, Lademann et al. 2012). The other
interventions used in the pilot were as close as possible those used to treat
people with podoconiosis in APCs in Ethiopia. The method used for the pilot

study is detailed in the following section.
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3.2. AIM AND OBJECTIVES OF THE PILOT STUDY.

The aim of the pilot study was to test the effects the current skin treatments
used for those with podoconiosis in APCs in Ethiopia. The current treatment
regime was broken into its component parts testing components separately and
in combination. The study also tested the effects of adding a 2% dilution of
glycerine into the current regime.

The objectives were to:

 determine the quantitative effects of water, soapy water, Vaseline®
petroleum jelly) used singly and in combination on skin hydration levels and
TEWL of the lower legs of those with xerosis in the UK.

e determine the effect of adding 2% glycerine to the water soak of the lower
legs of those with xerosis in the UK

¢ help to make a power calculation for the research study

e allow the principal investigator to become familiar with the measuring tools

3.3. METHOD

3.3.1 STUDY DESIGN

A quasi-experimental design study was employed. The study included healthy

volunteers living in private accommodation.

3.3.2. SAMPLE SIZE AND SELECTION

Participant numbers for the pilot were 10. This number was pragmatic and
based on previous pilot studies calculated to produce useful data. Pilot studies
are generally not powered and numbers usually small. Studies on the effect of
glycerine on SBF have previously indicated positive effects with participant
numbers of 4-197 (Appendix 3).

Potential participants were identified by the owner/manager and staff at a
private residential care home. As participant numbers were lower than required
the University of Hull Ethics Committee were asked to extend the study to
members of the local Women’s Institute who lived in their own homes. This was
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granted (9). Women'’s Institute participants were self-selecting following an E
mail requesting participants sent to the local branch. All possible participants

were made aware of the inclusion/exclusion criteria by the PI.

3.3.3. INCLUSION AND EXCLUSION CRITERIA.

The inclusion criteria for the participants were as follows: aged >60 years, able
to give informed consent, xerosis on both lower legs determined by clinical
judgement of the Pl and the presence of skin thickening, redness, flaking skin,
itching, no current leg ulcers and willingness to forgo showering and immersion
bathing for the duration of the study. The exclusion criteria were: aged <60
years, unable to give informed consent, absence of lower leg xerosis,
diagnosed with skin disease, with a current leg ulcer and unwilling to forgo
showering and immersion bathing for the duration of the study.

3.3.4. TIME PERIOD.

The study took place in the UK over 6 consecutive days in May 2013. Baseline
measurements were taken on day 1. Final measurements were taken on day 6
after 5 days of interventions. The time period was chosen as previous studies
have reported a positive effect of glycerine on SBF when applied for periods
betwe