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ABSTRACT

Buruli ulcer disease (BU) is a skin disease caused by Mycobacterium ulcerans. Currently,
Buruli ulcer has been reported in over 30 countries, the subtropical regions of Asia, in Latin
America, in the Western Pacific region and in Eastern and Central Africa. Even though it
has been reported in other continents, West Africa is the region most affected. It is one of
the neglected tropical diseases and second commonest disease caused by Mycobacterium in
Ghana and third globally. Suhum-Kraboa-Coltar, Akuapem South districts in the Eastern
region and Ga West and Ga South districts of Greater Accra region are some of the districts
affected by Buruli ulcer. Unfortunately the exact mechanism of transmission is not known.
Even though some risk factors associated with contracting the disease have been identified
in previous studies, what pertains in Suhum-Kraboa-Coaltar and Akuapem South districts of
the Eastern region is not known. In addition, there is lack of detailed understanding of how
environmental and social conditions interact to cause the disease. Finally, the spatial
distribution of BU within the communities along the course of Densu river in the study area
is also not known. Spatial epidemiology has proven to be useful for understanding the
geographical distribution of many diseases. Combining the Geographical Information
System (GIS) technology for epidemiologic mapping of Buruli ulcer cases alongside with
environmental features and a fine detail case-control study to identify risk factors associated
with Buruli ulcer will provide current knowledge of the disease in the study area. This
information is crucial in developing clear interventional messages for community education
on the disease and which communities are most at risk. The absence of these hampers the
prevention and control of BU within the municipalities and consequently leads to ineffective

use of scarce resources hence the need for the research. This study sought to develop a risk



profile for the transmission of Buruli Ulcer at the individual and at the Community level in
Akuapem South and Suhum Kraboa Coaltar Districts and spatial distribution of Buruli ulcer

in the communities along the entire course of the Densu river.

A Case-control study with Spatial mapping was carried out. The cases were identified
through active community case search. A case of Buruli ulcer was defined as any person
aged 2 years or more who resides in the Suhum-Kraboa-Coaltar and Akuapem South
districts diagnosed of Buruli ulcer meeting the WHO clinical case definition for M. ulcerans
disease. A Control was defined as any person who resides in the same
community/neighbourhood as the Buruli ulcer patient comes from but does not have the
disease. Standardized questionnaires were administered to the cases as well as their controls.
Geographic Positioning System (GPS) receiver was used to map the cases as well as

environmental characteristics that are of particular interest in contracting BU.

A backward elimination logistic regression analysis of the data indicated that presence of
wetland in the neighborhood (OR=3.9, 95% CI=1.9 -8.2), insect bite in water/mud (OR=5.7,
95% CI = 2.5 -13.1), use of adhesive when injured (OR=2.7, 95% CI = 1.1- 6.8), washing in
the Densu river (OR= 2.3, 95% CI = 1.1- 4.96) were significantly associated with the
development of BU. Rubbing an injured area with alcohol (OR=0.21, 95% CI = 0.008-0.57)
and wearing long sleeves to farm (OR=0.29, 95% CI =0.14 - 0.62) protects against BU. The
mapping showed that communities upstream along the Densu River where the river is not
polluted had no BU cases but BU cases were identified beyond the polluted area of the
Densu river. There was clustering of cases of Buruli ulcer in some communities and these

occurred in areas where the river was most contaminated .Hence to avoid contamination.
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CHAPTER ONE - INTRODUCTION

1.1 Background

1.1.1 Epidemiology

Buruli ulcer disease (BU) is a chronic debilitating skin disease caused by Mycobacterium
ulcerans ( Walsh et al., 2008;Duker et al., 2006). It is one of the neglected tropical diseases and
second commonest disease caused by Mycobacterium in Ghana and third globally (Peeters

Grietens et al., 2010; Raghunathan et al., 2005).

In 1897 and 1920s large cutaneous ulcers were described in Uganda and Northeast Congo
respectively which were probably caused by M. Ulcerans thus dating the disease to early days.
However, it was in the twentieth century when the first successful culture of M. ulcerans from a
leg ulcer in a child from Bairnsdale, Victoria, Australia was done. Cases were identified among
refugees from Rwanda who were in an area close to the River Nile in the 1960s and 1970s.
Missionaries in Congo who were caring for leprosy patients were also reported to be nursing
large ulcers thought to be caused by M. Ulcerans. Later on more cases were found in Buruli

district near Lake Kyoga, hence the name Buruli Ulcer.

Currently, Buruli ulcer has been reported in over 30 countries, the subtropical regions of Asia, in
Latin America, in the Western Pacific region and in Eastern and Central Africa (Merritt et al.,
2010; Walsh et al., 2008, 2010; Duker et al., 2006). Even though it has been reported in other

continents, West Africa is the region most affected (Merritt et al., 2010; Walsh et al., 2008).



Figure 1: Global distribution of Buruli ulcer, 2009
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Source: World Health Organization, Buruli Ulcer 2009

Bayley reported the first case of Buruli ulcer in Ghana in 1971 ( Aiga et al., 2004a; Bayley,
1971) Ga West District in Ghana had a prevalence rate of 87.7/100 000 and was the district with
the highest number of active cases (Amofah et al., 2002). Over 426 communities have reported
cases of Buruli ulcer in Ghana. These communities are in Ashanti, Brong Ahafo, Eastern,

Greater Accra and the Western regions.

Children less than fifteen years are mostly affected compared to adults, even though any age can

be affected (Merritt et al., 2010; Debacker et al., 2006; Phanzu et al., 2006; Aiga et al., 2004).
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Figure 2: Distribution of Buruli ulcer cases in Ghana, 2009
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Source: National Buruli Ulcer Control Programme, 2009

1.1.2 Clinical Presentation, diagnosis and management

M. ulcerans is a slow-growing mycobacterium and produces a soluble polyketide toxin called
mycolactone which has both immunosuppressive and cytotoxic properties (Demangel et al.,
2009; Tobias et al., 2009). Buruli ulcer disease evolves in three stages (Raghunathan et al.,

2005).



It manifests initially as firm, non tender, subcutaneous nodules 1-2 cm in diameter at the sites of
penetrating skin trauma, and sometimes plaques or oedema which is the pre-ulcerative stage. It
has been postulated that the M. Ulcerans is inoculated through the sites of the skin trauma. The
Mycobacterium produces a mycolactone which leads to apoptosis with extensive subcutaneous
tissue necrosis and local immunosuppression. In addition, there is poor influx of inflammatory
cells and also affect the cutaneous nerves making it painless, explaining the painless nature of the
lesions. At this stage the lesion appears clinically as a nodules and sometimes plaques or

oedema.

Following days to weeks after the initial lesion, the nodule typically breaks down centrally
forming an ulcer with undermined edges. This makes it difficult to actually estimate the true size
of the ulcer, thus, the actual size of the ulcer is always underestimated by the external appearance

of the ulcer.

Figure 3: Pictures of typical nodular and ulcer stages of Buruli ulcer disease —arrow
showing undermined edges



During the ulcerative phase these painless ulcers may become painful after secondary bacterial
infection. Ulcers can be extensive, involving up to 15% of the patient's skin surface. The
infection may destroy nerves, appendages, and blood vessels, and it occasionally invades bone if
untreated. In the third phase of the disease, these large ulcers may heal spontaneously after the
body has been able to mount effective cell-mediated immunity. However they frequently result
in chronic lymphedema, significant deformity, disfiguring scarring and contractures (Stienstra et
al., 2002, 2001). Despite often extensive host involvement, little mortality occurs with M.
ulcerans infection. Most of the ulcers are found on the limbs but can present on the trunk, head
and in some cases critical areas such as the breast, genitalia and face (Walsh et al., 2008). Such
critical areas have resulted in catastrophic consequences where some patients have lost their

sight, breast or even genital part.

Diagnosis of buruli ulcer is made by identifying M. ulcerans either in the swab or fine needle
aspirate specimen. Diagnostic testing such as acid-fast smear, mycobacteria culture and
polymerase chain reaction (PCR) for M. ulcerans are used to confirm buruli ulcers (Herbinger et

al., 2009).

The current WHO recommendations for treatment of buruli ulcer are:

1. A combination of rifampicin and streptomycin/amikacin for eight weeks as a first-line
treatment for all forms of the active disease. Nodules or uncomplicated cases can be treated
without hospitalization then Streptomycin 15mg/kg intramuscularly daily plus Rifampicin

10mg/g daily for 8 weeks.



2. Surgery to remove necrotic tissue, to cover skin defects, and to correct deformities.

3. Interventions to minimize or prevent disabilities.

1.1.3 Risk factors for Buruli ulcer

Case-control studies have identified some risk factors for contracting BU. These are the use of
unprotected water from swamps (Debacker et al., 2006b) and rivers (Aiga et al., 2004b;
Raghunathan et al., 2005), and agriculture land use (Wagner et al., 2008). In the Amansie west
district of Ghana, researchers demonstrated spatial relationship between BU prevalence and

arsenic an immunosuppressant (Duker, 2005).

Even though these and other risk factors have been identified, the exact mechanism by which
humans become infected with M. ulcerans in or near aquatic habitats is still not known. It has
been hypothesized that M. ulcerans is transmitted through skin abrasions or skin injuries after

contact with water, vegetation or soil. This still remains a hypothesis (Wagner et al., 2008).

1.1.4 Spatial distribution
The mycobacterium, M. ulcerans can be detected in both endemic and non-endemic sites

although quantitative data is lacking for African countries (Williamson et al., 2008). Buruli ulcer
occurs in discrete foci suggesting a spatial correlate with infection. Due to the disparity between
hospital and community data, a detailed small-scale study on the location of houses with Buruli
Ulcer with respect to specific features will lead to the identification of spatial correlates of

infection. For emerging diseases where little is known about vectors or modes of transmission,



the quantification of large-scale patterns and associations with land use and land cover (LULC)
types can also provide insight into potential vectors, because vector dynamics are often closely

linked to environmental gradients (Wagner et al., 2008; Williamson et al., 2008).

Geographic Information Systems (GIS) technology offers the unique opportunity and the ability
to collect vast amount of data over large spatial region. Spatial epidemiology has proven to be
useful for understanding the geographical distribution of many diseases (Clements et al., 2009;

Daash et al., 2009; Srivastava et al., 2009; Zhou et al., 2009; Blanton et al., 2006).



1.2 Problem Statement

Buruli ulcer has been reported in over 30 countries, from the subtropical regions of Asia, Latin
America, the Western Pacific region and in Eastern and Central Africa. Even though it has been
reported in other continents, West Africa is the region most affected. It is one of the neglected
tropical diseases and second commonest disease caused by Mycobacterium in Ghana and third
globally. Suhum-Kraboa-Coaltar, Akuapem South districts in the Eastern region and Ga West
and Ga South districts of Greater Accra region are some of the districts affected by Buruli ulcer.
The mode of M. ulcerans transmission remains to be clarified. The lack of detailed
understanding of how environmental and social conditions interact with disease processes to
ultimately cause human infections can severely hinder prevention and control programmes.
Infectious diseases are often known to be constrained spatially by local and regional
environmental factors. Epidemiological knowledge in this respect in the areas of Buruli Ulcer is
limited. Therefore, constructing a fine level spatial distribution and risk map for Buruli ulcer

within Akuapem South Municipality and Suhum-Kraboa-Coaltar needs to be carried out.

Control efforts have been hampered by poor understanding of the role of ecology. Effective
prevention and control activities are based on current and existing knowledge of the risk factors.
Lack of data on these risk factors are hampering the prevention and control of BU within the
municipalities and consequently leading to ineffective use of scarce resources. An Assessment of
environmental, spatial, demographic and biological related factors will help identify modifiable
risk factors for appropriate interventions to be implemented for Buruli Ulcer control and aid in

development of risk profile for Buruli ulcer



1.3 Justification

In a developing country like Ghana, resources need to be used efficiently to manage emerging
diseases such as Buruli ulcer. The use of GIS technology to carry out epidemiologic mapping of
Buruli ulcer will provide information on where people are most at risk and can be used to guide
prevention, surveillance and to control of Buruli Ulcer. It will also ensure efficient use of
resources and ensure that prevention and control interventions for Buruli ulcer especially in
endemic communities. Furthermore, understanding the geographical distribution gives important
clues regarding the spread of the disease. Geo-referencing saves time in identifying locations
when directing different groups of public health workers to return to problem areas to perform
control interventions (Chang et al.,, 2009). Using dengue as an example, risk maps were
generated showing the spatial distribution. This was used to facilitate focused operational vector

surveillance and control activities targeting high-risk areas (Lozano-Fuentes et al., 2008).

The use of GIS mapping technique may improve our understanding of the potential mode of
transmission within the community and this will guide public health intervention (Murray et al.,
2009). Combining GIS technology for epidemiologic mapping of Buruli ulcer cases alongside
with environmental features and a fine detail case-control study to identify risk factors associated
with Buruli ulcer will provide current knowledge of the disease in the study area. This
information is crucial in developing clear intervention messages for community education on the
disease and which communities are most at risk. From Australia, it has been proven that
identifying possible risk factors and modifying them leads to reduction in the cases of buruli

ulcer cases reported (Veitch et.al., 1997).



Hypotheses

The null hypotheses tested in this study were:

1. There is no difference in the distribution of Buruli ulcer in the communities along the Densu

river

2. There is no difference in the characteristics of people who contract Buruli ulcer and those

who do not.

1.4 Objectives

1.4.1 General Objective
To develop a risk profile for the transmission of Buruli Ulcer at the individual and the

Community level in Akuapem South and Suhum Kraboa Coaltar Districts
1.4.2 Specific Objectives:
1. To determine spatial distribution of Buruli ulcer in Akuapem South, Suhum Kraboa

Coaltar, Ga West and Ga South Districts (Along the Course of the Densu River)

2. To determine demographic factors associated with Buruli ulcer in Akuapem South and

Suhum Kraboa Coaltar Districts

3. To determine behavioral factors associated with Buruli ulcer in Akuapem South and

Suhum Kraboa Coaltar Districts

4. To determine environmental factors associated with Buruli ulcer in Akuapem South and

Suhum Kraboa Coaltar Districts
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CHAPTER TWO - LITERATURE REVIEW
2.1 Epidemiology of Buruli Ulcer

2.1.1 Burden of Buruli ulcer
Buruli ulcer, a disease caused by Mycobacterium ulcerans, is one of the most neglected but

treatable tropical diseases. Mycobacterium ulcerans is from the family of bacteria

that causes tuberculosis and leprosy, but Buruli ulcer has received less attention than these
diseases even though it has been reported in some countries including Ghana as the second most
frequent mycobacterial disease in humans after tuberculosis (Merritt et al., 2010; Debacker et al.,

2004).

Buruli ulcer has been reported in more than 30 countries mainly with tropical and subtropical
climates. They include Africa (mainly west), Australia, the Americas, Asia and the Western
Pacific, however it may also occur in some countries where it has not yet been recognized (
Merritt et al. 2010; Walsh et al. 2008). Non-endemic areas such as North America and Europe
have reported cases of Buruli ulcer as a result of international travel (Semret et al., 1999;
Ezzedine et al., 2009). The true magnitude of the burden of Buruli ulcer is not known, but the
epidemiologic pattern of the disease is determined by the presence or absence of Buruli ulcer
foci (Pouillot et al., 2007). However, the incidence of Buruli ulcer has increased over the years
but true incidence data is difficult to determine as a result of poor surveillance measures and case
confirmation (Williamson et al., 2008). In areas where prevalence studies have been carried out,
it ranges from few cases to up to 22% in some communities (Pouillot et al., 2007; Amofah et al.,

1993). Ghana reports an average of 1000 cases each year. In 1998 a national case search revealed
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a national prevalence of 20.7/100,000 and a prevalence of 87.7/100,000 for Ga district (now Ga

West and Ga South municipalities).

Though Buruli ulcer disease is not usually fatal, it leads to profound morbidity especially in areas
where treatment options are limited ( Williamson et al., 2008; Pouillot et al., 2007). The large
ulcers often lead to scarring, contractual deformities, amputations and irreversible disabilities
(Merritt et al. 2010; Walsh et al. 2008; Duker et al. 2006; van der Werf et al. 1989). Estimates of
Disability Adjusted Life Years (DALYSs) unfortunately has not been determined for Buruli ulcer
as well as other neglected tropical diseases like guinea worm, endemic syphilis and food borne
trematode infections (Williamson et al., 2008b; Pouillot et al.,, 2007). Socio-economic
implications of Buruli ulcer to the individual, family and cost of management to the health
system is enormous (Ackumey et al., 2012; Grietens et al., 2008). Ackumey et al. (2012) found
social burden enormous, besides the physical pain, disability and anxiety about the progression
of the disease. Buruli ulcer affects livelihoods, interrupts education and immensely affects the
family as well. The affected patients are generally excluded and stigmatized within their
community for several reasons ranging from the smell generated by the lesions and ulceration,

disability and a sense of shame.

2.2 Characteristics of Mycobacterium ulcerans: The pathogen

M. ulcerans is a slow-growing environmental mycobacterium at optimum temperature of 30 —
33°C. The pathogen can be isolated from a primary lesions such as nodule, plaque, oedema and
ulcers after 5 to 8 weeks incubation period, whereas in some cases it may take up to 6 months
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(Converse et al. 2011; Merritt et al. 2010; Yeboah-Manu et al. 2004). It belongs to the M.
marinum complex of mycobacterial pathogens. The M. marinum complex is made up of several
species example M. marinum, M. pseudoschottsii which are pathogenic for fish, and M. liflandii

which is pathogenic for frogs (Merritt et al. 2010; Kaser et al. 2009; Rhodes et al. 2005).

Genomics are of the opinion that M. marinum complex can be considered as one species based
on their identity. They share over 97% identity in the 16sRNA gene sequence (Merritt et al.
2010; Demangel et al. 2009; T. P. Stinear et al. 2007). The establishment of separate names was
as a result of practical consideration on the differences in the host tropism and pathogenesis.
Elaborate genomic analysis has established that M. ulcerans evolved from M. marinum-like
ancestor (Stinear et al., 2007; Demangel et al., 2009). M. ulcerans acquired large virulence
plasmid and accumulated multiple copies of the insertion sequence, 1S2404 and 1S2606. The
genome has undergone several phases of reductive evolution. A number of mutations occurred
including transposon insertion. The net effect of all these mutations and insertions produced over

700 pseudogenes (Demangel et al., 2009).

M. ulcerans genome strain does not have nitrate and fumerate reductase systems, this explains
the narrow temperature range for its optimal growth since it cannot grow in low oxygen
condition. The restricted growth temperature range for M. ulcerans perhaps determines its
affinity for the skin. So far the pathogen has not been isolated in any internal organ of human
patients (Merritt et al. 2010; Demangel et al. 2009). The unique ability of M. ulcerans is to
produce a secondary metabolite called mycolactone (George et al., 1999; Demangel et al., 2009;

Tobias et al., 2009). Mycolactone is an immunosuppressive and cytotoxic macrocyclic
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polyketide characterized by a 12 — membered macrolactone core appended to highly unsaturated
acyl side chain. A polyketide belong to a class of naturally occurring compounds. Some of them
have potent pharmaceutical activities such as immune suppressor rapamycin, antibiotic
erythromycin A and antiparasitic agent avermectin (Tobias et al., 2009; McGuire et al., 1952).
The toxin-producing colonies have a yellowish colour and it is encoded by the pksA gene,
located on a giant plasmid ( Converse et al., 2011; Tobias et al., 2009; Stinear et al., 2004, 2005).
The toxin destroys subcutaneous fat cells by both apoptotic and necrotic mechanisms resulting in

the large undermined ulcers.

2.3 Ecological Distribution of Pathogen and Disease

2.3.1 Detection of M. ulcerans in the environment

M. ulcerans have been detected in the environment even though it has a slow growth rate. Direct
culture of environmental sample does not yield results due to the presence of many faster
growing bacteria and fungi in the environment. However, culture on artificial media for M.

ulcerans from the environment yield results.

Following the successful development of the first Polymerase Chain Reaction (PCR) probes for
M. ulcerans based on the detection of 1S2404 by Ross et al. (1997), it has changed the phase of
Buruli ulcer diagnosis and the detection of M. ulcerans in the environment. This process has
been facilitated by the rapid adoption of the technique leading to identification M. ulcerans DNA
in environmental samples. Some of the environmental samples include soil, detritus, biofilms,
water filtrates, fish, frogs, snails, aquatic insects, leeches, crustaceans, mollusks, rodents and
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mosquitoes ( Durnez et al., 2010; Portaels et al., 2008; Williamson et al., 2008; Johnson et al.,

2007; Marsollier et al., 2002, 2004).

The use of 1S2404 PCR has been accepted as the gold standard in diagnosis and the confirmation
of Buruli ulcer. This procedure however has some flaws when applied to environmental samples.
In confirming the presence of M.ulcerans, the PCR method detects deoxyribonucleic acid (DNA)
and not the organism. DNA of M. ulcerans can be released into the environment when an
infected organism dies. It is possible for the DNA to be attached to several substrates in the
environment. Different researchers have found varying levels of the M. ulcerans in water filtrates
(Vandelannoote et al., 2010; Williamson et al., 2008). In Ghana, Vandelannoote et al. (2010)
found 7.7% water samples positive for M. ulcerans. The challenge with most of these findings is
whether the DNA is from an infected source or as a result of death of the infected organism and
subsequent release of the DNA into the environment. Interpretation of such results may be

complex.

Fyfe et al. (2007) reported 30% of environmental samples selected from plant materials,
suspended solids, detritus and soil from highly endemic area were weakly positive by
quantitative PCR. Even though in low endemicity area PCR positive samples were also

identified but the percentage was low 3% (4/156).

The definitive proof that M. ulcerans is present in the environment is supported by the successful

culture of the pathogen in an aquatic invertebrate (Portaels et al., 2008)
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2.3.2 M. ulcerans association with disturbed water bodies

Nearly all epidemiological studies have associated increased number of cases of Buruli ulcer
with communities in close proximity to human disturbed aquatic habits (Merritt et al. 2010).
Both stagnant and moving water bodies have been clearly documented to be associated
(Raghunathan et al., 2005; Duker, 2005; Johnson et al., 2005; Aiga et al., 2004; Thangaraj et al.,
1999). The observed increased in the number of Buruli ulcer cases have been reported with
flooding and during heavy rainfall (Wagner et al., 2008; Merritt et al., 2005; Johnson et al.,
1996). Damming of streams and rivers to create impoundment and wetland ( Duker et al., 2006;
Merritt et al., 2005). Areas where resorts were modified to wetlands (Merritt et al., 2005), and in
addition, deforestation practices leading to increased in flooding, migration of population closer
to water bodies, rice cultivation, agricultural irrigation and sand winning operations were all
associated with increased incidence of Buruli ulcer ( Kibadi et al., 2008; Wagner et al., 2008

Duker et al., 2006; Merritt et al., 2005).

Water bodies that are associated with increased sedimentation and euthrophication are known to
have low dissolved oxygen concentration that may enhance the growth of M. ulcerans (Merritt et
al., 2010; Palomino and Portaels, 1998). Hayman postulated that in Australia M. ulcerans gets
into the surface water through deforestation erosion and run off contamination. The
environmental conditions present in the surface water with a lot of sediments create the optimum
medium for M.ulcerans growth. Once there is deforestation, there is loss of riparian cover
resulting in increased water temperature and subsequently creating the optimal temperature 30 —
33°C for M. ulcerans growth (Horsburgh Jr and Meyers, 1997). Ultraviolet (UV) light has been

documented to affect the viability of M.ulcerans (Stinear et al., 2004). Sedimentation reduces the
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level of penetration of UV light and hence offers protection for M. ulcerans biofilms near the
bottom substrates and on submerged plant surfaces as discussed by Merritt et al. (2005). In view
of this, deforestation and high-impact agriculture may promote increased nutrients, higher
temperatures, UV attenuation and lower dissolved oxygen. These may create the perfect

environmental conditions that promote the growth of M. ulcerans.

2.3.3 Landscape ecology of the disease

Buruli ulcer is rare in savanna regions of West Africa and drier areas in Australia but has been
widely reported and associated with riverine environment. Currently there is evidence showing
the relationship between landscape features and land use that are related to Buruli ulcer disease.
Wagner et al. (2008) quantified Buruli ulcer cases in communities surrounded by deforestation,
abundant wetlands and other habitats that experience frequent flooding. Together with his team
and the use of GIS they were able to show that areas with increase cases of Buruli ulcer were in
low-lying areas and their topography far removed from urban settings (Wagner et al., 2008).In
Amansie West district of Ghana, Duker et al. (2004) found out that arsenic levels in the soil and
gold mining were significant covariates related to increased risk of developing Buruli ulcer. In
both Ghana and Benin, Buruli ulcer has been reported among residents along several major
rivers (Sopoh et al., 2011, 2007; Johnson et al., 2005;Amofah et al., 2002,1993). However, it is
non-existent in communities within few kilometers of Lake Volta in Ghana and the Mono river

in Benin.
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2.4 Environmental reservoirs and transmission

The mode of transmission of tuberculosis and leprosy are well known as from person-to-person.
So far, evidence for human to human transmission of M. ulcerans is extremely rare even though
the pathogen is acquired through the environment. Debacker et al. 2003 reported one case of
Buruli ulcer as consequence of human bite. It was hypothesized that the patient had
contamination of the body surface with M. ulcerans from the environment and the bite drove the
pathogen into the skin. Acquatic bugs (Hemiptera) were first suggested by Portaels and
colleagues as possible reservoirs of M. ulcerans in nature. The team later confirmed this by
isolating M.ulcerans from pure culture of water strider (Hemiptera: Gerridae, Gerris sp) from

Benin (Portaels et al., 2008)

Other studies based on detection of M. ulcerans DNA in aquatic insects (Hemiptera, water bugs;
Odonata, dragonfly larvae; Coleoptera, beetle larvae) collected from Buruli ulcer endemic
swamps confirmed their earlier findings and also that small fish might also contain M. ulcerans
(Marsollier et al., 2005, 2003, 2002). Marsollier and team carried out several laboratory studies
and were able to demonstrate that M. ulcerans could survive and show limited replication within
the salivary glands of biting aquatic bugs (Naucoridae: Naucoris cimicoides). The team
concluded that biting water bugs belonging to the families Naucoridae (creeping water bugs) and
Belostomatidae (giant water bugs) could be considered reservoirs, and most importantly could

serve as vectors in the transmission of M.ulcerans to humans in nature.

Recently, Mosi et al. (2008) also investigated the ability of M Ulcerans to colonize aquatic bugs

(Belostomatidae) collected from Africa. Both teams, Mosi et al. (2008) and Marsollier et al.
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(2005, 2003, and 2002) affirm that Belostomatid bugs could become infected with M. ulcerans

through feeding.

Several authors have suggested the role of other non-insect aquatic invertebrates as intermediate
hosts or environmental reservoirs for M. ulcerans (Merritt et al., 2005; Kotlowski et al., 2004;
Marsollier et al., 2003, 2002) and Williamson et al. (2008) and Benbow et al. (2008) confirmed

the earlier suggestions (Benbow et al., 2008; Williamson et al., 2008)

In endemic fields of Ghana and Benin, Kotlowski et al. (2004) reported M. ulcerans in aquatic
snails from endemic regions. Stinear found out that the average estimates of M. ulcerans in
detritus increased by two orders of magnitude when compared to water (Stinear et al., 2000). An
elaborate environmental study by Williamson et al. (2008) is showed that M. ulcerans DNA can
be detected within biofilm on the plant surface and detritus both of which can serve as food for
certain aquatic invertebrates and fish, suggesting reservoirs and movement throughout the

aquatic food web (Marion et al., 2010; Williamson et al., 2008; Merritt et al., 2005).

Even though several studies have clearly demonstrated different aquatic invertebrates in Africa
to serve as environmental reservoirs for M. ulcerans, direct transmission by biting water bugs has

not been proven.

In Australia, more than 80% of Buruli ulcers in the past 15 years have been in the temperate
southeastern state of Victoria (Merritt et al., 2010; Johnson et al., 2007). A comparison between

Buruli ulcer cases from Africa and Australia shows that people in Southeastern state of Victoria
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have less direct contact with the environment. The two well described outbreaks in Australia, 1.2
— 6.0% of the entire resident population in the outbreak areas developed Buruli ulcer (Johnson,
Azuolas, et al., 2007; Johnson, Hayman, et al., 2007; Veitch et al., 1997). Johnson et al. (2007)
described that visitors may also be at risk, and in one case, contact with an endemic town for just
one day appeared to be sufficient to develop Buruli ulcer up to 7 months later. Following the
outbreak of Buruli ulcer in Australia, where the disease occurred in individuals who had limited
contact with the environment, in such cases of brief exposure and high attack rates, Hayman

postulated that transmission by aerosol could partially explain the outbreaks (HAYMAN, 1991).

This hypothesis was tested during a three year period when a large cluster of Buruli ulcer cases
occurred in East Cowes, Phillip Island. Only part of the town was affected, particularly the newly
created wetland and golf course at the center of the affected area. Interestingly, the golf course
used a mixture of ground water and recycled water for irrigation. The excess run-off water from
the golf course was likely to have drained towards the new wetland linking the ground water and
the recycle water thus the two systems. Most of the Buruli ulcer cases lived closed to the wetland
or the golf course which was partly supporting the postulated mode of transmission by drifting
aerosols from contaminated irrigation water (Veitch et al., 1997; Johnson et al., 1996; Flood et

al., 1994).

1S2404 PCR was applied to environmental samples, and positive results were obtained from
the wetland and golf course irrigation system-the first direct evidence that M. ulcerans DNA is
present in environmental samples. This supported the hypothesis that the golf course and the

Phillip Island wetlands were contaminated with M. ulcerans. There is no evidence from Australia
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of the presence of 152404 in any other environmental mycobacterium up to date. In contrast,
samples in Africa such as aquatic mycobacteria associated with disease in fish and West African
clawed frogs (Xenopus tropicalis) also contain 1S2404 for which reason 152404 lacks high level

of specificity for use as a sole criteria for M. ulcerans in Africa.

Interventions such as drainage of the wetland, reduction in recycled water use, cleaning of the
irrigation equipment at the golf course, and subsequent separation of ground water from recycled
water yielded good results by reducing the number of cases in the following years. Currently,

Buruli ulcer is rare in Phillip Island.

Several possums (Australian native tree-dwelling marsupials) with Buruli ulcer were identified at
Phillip Island around the same time. Specifically, 38% of ringtail possums (Pseudocheirus
peregrinus (Boddaert)) and 24% of brushtail possums (Trichosurus vulpecula Flannery)
captured at Point Lonsdale had laboratory-confirmed M. ulcerans on the skin lesions and/or M.

ulcerans PCR positive feces (Fyfe et al., 2010)

A mother suspected a mosquito bite initiated the event that led to her child develop Buruli Ulcer
on the ear. Prior to this case, in 2004 there was a reported increase in local mosquito activity
which was observed to be associated in time with new cases of Buruli ulcer. The observed Buruli
lesions were on ankles and elbows, and on the back where gaps in clothing could allow access
for mosquitoes (Johnson, Azuolas, et al., 2007). This led to series of investigation to assess the
role of mosquito in the transmission of M. ulcerans. Fyfe et al. (2007) used an improved real-

time quantitative 152404 PCR environmental screening method, captured over 11,000 adult
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mosquitoes and identified M. ulcerans DNA in or on an estimated 4.3/1,000 mosquitoes in Point
Lonsdale. The most common PCR positive mosquito pools was Aedes camptorhynchus as the
most common species on the Bellarine peninsula (Johnson, Azuolas, et al., 2007). A PCR
amplification and sequence analysis of one variable number tandem repeat (VNTR) locus
confirmed that mosquitoes were carrying M. ulcerans DNA which was indistinguishable from

that of the human outbreak strain (Lavender et al., 2008; Fyfe et al., 2007)

A 7 year (2002- 2008) period review of notifiable diseases in Victoria demonstrated a
statistically significant correlation between notifications of Buruli ulcer and Ross River
Virus/Barmah Forest Virus infections (RRV/BFV). Ross River Virus and Barmah Forest Virus
infections are both transmitted by mosquitoes, however, there was no correlation with any other
nonmosquito borne notifiable disease (Johnson et al., 2009). Quek et al. (2007) in their case-
control study conducted on the Bellarine Peninsula showed that use of insect repellent and being
bitten by mosquitoes on the lower legs were found to be independently associated with Buruli

ulcer in the multivariate model (Quek et al., 2007)

Transmission research conducted in southeastern Australia lends support to mosquitoes as being
a possible vector of the pathogen for Buruli Ulcer disease in southeastern state of Victoria (

Wallace et al., 2010; Merritt, Craig, et al., 1992; Merritt, Dadd, et al., 1992).

So far the exact sequence of events linking mosquitoes, humans, contaminated possum excreta
and infected possums has not yet been determined. However, either direct or indirect mosquito

transmission from a possum reservoir presents different possible route from the aerosol
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transmission from contaminated environmental water sources (Merritt et al., 2010). The
probability and plausibility of neither aerosol nor mosquito transmission hypothesis by direct

contact with the environment or by other vectors need to be examined.

2.5 Risk factors for Buruli ulcer

2.5.1 Demographic factors

With host related risk factors, Buruli ulcer is known to affect children less than 15 years
predominantly(Debacker et al., 2006; Raghunathan et al., 2005; Amofah et al., 1993). In several
cross-sectional studies and case series, children and adolescents have higher rates of infection of
M. ulcerans than adults (Sopoh et al., 2007 Phanzu et al., 2006; Hospers et al., 2005; Johnson,
Sopoh, et al., 2005; Noeske et al., 2004; Asiedu and Etuaful, 1998; van der Werf et al., 1989). A
number of these studies based their observation on patient count rather than rates. Some
researchers have argued that there is the need to study the behavior of children in endemic region

to ascertain the possible mode of transmission of BU.

Studies from Australia and one from Togo have reported higher number of Buruli ulcer infection
among adults than in children (Johnson, Azuolas, et al., 2007; Quek et al., 2007 James et al.,
2003; Veitch et al., 1997).0ther researchers found no statistically significant differences by age

group (Pouillot et al. 2007; Marston et al. 1995).

Comparative studies that evaluated sex as a risk factor in all cases reported no association

between sex and Buruli ulcer disease (Pouillot et al., 2007; Quek et al., 2007; Debacker et al.,
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2006; Raghunathan et al., 2005; Stienstra et al., 2004; Marston et al., 1995). Asiedu et al. (2000)
and Raghunathan et al. (2005) found that women are mostly affected, there was no significant
association between sex and M. ulcerans infection. The large numbers of women and children

with Buruli ulcer may simply be a reflection of the population structure.

The sites of the Buruli ulcer lesion varies, studies done in West Africa have observed lesions on
the trunk, head, neck and upper limbs for children whereas in adults the lesion tend to occur on
the lower limbs (Johnson, Sopoh, et al., 2005; Stoffel et al., 2005; Debacker et al., 2004; van der
Werf et al., 1989). According to Van der Werf et al. (1989) there is asymmetry in the
presentations of the lesions on the legs. They reported more lesions on the left leg than the right
leg in adults. However, this asymmetry was not confirmed by recent studies in Ghana and

Cameroon (Hospers et al., 2005; Noeske et al., 2004)

2.5.2 Socio-economic factors

Socioeconomic (SES) status in a rural African setting may be related to land ownership,
household size, livestock ownership and duration of residence. Socioeconomic risk factors were
not evaluated by most studies but the few that did had different findings. Transmission has been
linked with low socio-economic status, poverty and living in remote areas (Asiedu and Etuaful,
1998). Fabienne Nackers and his team as part of the large scale case-control study from August
2002 to August 2003 in sounthern Benin to estimate the protective effectiveness of Bacillus
Calmette Guerin (BCG) identified that there was an association between socioeconomic status
and the risk of Buruli ulcer disease (Nackers et al., 2007) whereas Pouillot et al. (2007) found no

association (Pouillot et al., 2007). No association was found between M. ulcerans infection and
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other indices used to measure socioeconomic status such as household size and livestock
ownership (Raghunathan, Whitney, Asamoa, Stienstra, Taylor Jr, et al., 2005; Pouillot et al.,

2007).

On education, adults with only primary education or less were found to be at a higher risk of M.
ulcerans infection (Pouillot et al., 2007), however Stienstra et al. (2002) observed no association
(Stienstra et al., 2002). Most of the comparative studies showed no association between
participation in agricultural activities and the risk of M. ulcerans infection (Nackers et al., 2007;
Pouillot et al., 2007; Aiga et al., 2004) but Debacker and the team proved that there was an

increased risk of infection with agricultural activities (Debacker et al., 2006).

In assessing the relationship between household expenditure and the risk of M. ulcerans
infection, Pouillot and the team in the Cameroon study found no association (Pouillot et al.,

2007).

2.5.3 Health related factors

Bacillus Calmette Guerin (BCG) was suggested to provide protection against M. ulcerans
infection in an earlier study in 1971 by the Uganda Buruli Group (The, 1971). Subsequent
evaluations of BCG never reported the vaccine to be effective in conferring protection against
Buruli ulcer (Pouillot et al., 2007; Quek et al., 2007; Debacker et al., 2006; Nackers et al., 2006;
Raghunathan et al., 2005; Amofah et al., 1993). Portaels and colleagues in their Mycobacterium
bovis BCG vaccination as prophylaxis against Mycobacterium ulcerans osteomyelitis in Buruli

ulcer disease study reported some protection against osteomyelitis (Portaels et al., 2004, 2002).
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When two Buruli ulcer treatment centers were compared in terms of differences in treatment
outcome reported that BCG may be associated with improved healing of ulcers following
surgery (Teelken et al., 2003). HIVV/AIDS has been reported to increase the risk of M. ulcerans
infection (Johnson et al., 2008; Raghunathan et al.,2005) but personal health factors such as
cancer or use of immunosuppressive medications within the previous year were not associated

with risk of M. ulcerans infection (Quek et al., 2007).

Individuals with family members with Buruli ulcer and have been exposed do not have increased
risk of developing the disease (Nackers et al., 2007; Raghunathan et al., 2005; Aiga et al., 2004;
Marston et al., 1995). However, Sopoh and the team in their study “Family Relationship, Water
Contact and Occurrence of Buruli Ulcer in Benin” were the first to show the existence of family

association with Buruli ulcer (Sopoh et al., 2010).

2.5.4 Environmental factors

Epidemiologic studies of BU have implicated stagnant water bodies in M. ulcerans transmission
(Raghunathan et al., 2005). An outbreak of Buruli ulcer disease in a suburban community in
Australia was attributed to dammed water used to irrigate the community golf course. There
were no additional cases after the irrigation was halted (Veitch et al., 1997). In Africa, BU
primarily afflicts rural farmers in swampy environments and riverine areas ( Asiedu and Etuaful,
1998; Marston et al., 1995), especially those enriched with arsenic (Duker et al. 2004). An
outbreak of Buruli Ulcer Disease in Nigeria and another in Australia were associated with

environmental changes, such as flooding or damming (Ross et al., 1997; Veitch et al., 1997;
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HAYMAN, 1991). Cases of Buruli ulcer were more likely to drink from unprotected water
sources like swamp water, ponds than from protected water like wells or free-flowing rivers
(Nackers et al., 2007; Debacker et al., 2006; Barker and Carswell, 1973;) but Aiga et al. (2004)
found an increased risk with the use of river water (Aiga et al., 2004).

In the Amansie West study the source of water used for drinking or cooking was not found to be
a risk factor (Pouillot et al., 2007; Raghunathan et al., 2005; Aiga et al., 2004; Amofah et al.,
1993) but Debacker et al. (2006) and Wagner et. al.( 2008) suggested that the availability of
pumped water is an important factor in reducing the risk for BU (Wagner et al., 2008; Debacker
et al.,, 2006). Fetching, drawing and domestic water uses were not associated with BU
(Raghunathan et al., 2005; Aiga et al., 2004; Barker and Ninkibigaya, 1972). Some researchers
hypothesized that if there is something common to mothers and their children, then it may likely

be water fetching and its domestic use but there was no association.

With exception of Amofah et al.(1993), several studies have found an association between
proximity of the home or farm site to water source and increased risk of Buruli ulcer (Nackers et
al., 2007; Pouillot et al., 2007; Quek et al., 2007; Raghunathan et al., 2005; Marston et al.,
1995).Wading in water was found to be a risk factor for Buruli ulcer (Pouillot et al., 2007;
Raghunathan et al., 2005) however hunting (Raghunathan et al., 2005), fishing (Pouillot et al.,
2007; Raghunathan et al., 2005; Marston et al., 1995) and swimming (Marston et al., 1995)were
not found to be associated Buruli ulcer. However, Aiga et al. (2004) found swimming to be a risk

factor in a case control study carried out in Ghana.
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Living near forest or plantation and walking through the bush and forest have not been shown to
be associated with Buruli ulcer (Raghunathan, Whitney, Asamoa, Stienstra, Taylor Jr, et al.,
2005; Pouillot et al., 2007).

Sharing indoor living space with livestock, compared with handling or owning livestock,

appeared to protect against BU.

2.5.5 Behavioural factors and insect bites

Daily washing with soap reduces the risk of BU, as bacterial contamination of skin surfaces may
facilitate M. ulcerans infection. The regular use of toilet soap (i.e., wrapped bar soap) while
bathing may remove bacteria deposited on the skin, which is a plausible explanation
(Raghunathan et al., 2005). The use of soap and water for washing was found to be associated
with a decreased risk of M. ulcerans infection ( Nackers et al., 2007; Raghunathan, et al., 2005)
and washing of clothes was also found to protect against M. ulcerans infection ( Pouillot et al.,
2007; Marston et al., 1995). However, no protective association was observed among those who
used less costly mass-produced Key soap or homemade amonkye soap (Raghunathan et. al.,

2005).

Even though some studies found no relationship between swimming and Buruli ulcer others did.
Swimming in a river or pond was found to be associated with BU (Aiga et al., 2004; The, 1971).
A case—control study in the Amansie West District of Ghana showed that the only significant

risk factor for BU was swimming in rivers on habitual basis.
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Several studies have been carried out to evaluate the role of insect bite in the transmission of
Mycobacterium ulcerans, however the findings were inconsistent. Case-patients were more
likely than controls to recall any incidence of insect bite either by mosquito or others while
wading in water (Pouillot et al., 2007; Quek et al., 2007). Raghunathan et al. (2005) in a case-
control study in Ghana on risk factors for Buruli ulcer disease found no association between

insect bite and Buruli ulcer.

The use of mosquito nets and repellants were found to reduce the risk of Buruli ulcer(Nackers et
al., 2007; Pouillot et al., 2007; Quek et al., 2007) where as a study by Raghunathan and team
found no decreased risk of infection with the use of bed nets. Mosquito coil use was assessed by
other researchers but found no association with BU (Pouillot et al., 2007; Raghunathan et al.,

2005).

Wearing of certain types of clothing have been evaluated extensively. Wearing long legged

trousers (long pants) has been found to reduce the risk of Buruli ulcer (Pouillot et al., 2007;
Raghunathan et al., 2005) but not wearing protective clothing increases the risk of infection
(Pouillot et al., 2007; Quek et al., 2007; Raghunathan et al., 2005; Marston et al., 1995).
Interestingly, the use of gardening gloves and shoes were not protective against M. ulcerans

infection.
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2.5.6 Spatial distribution of Buruli ulcer

Geographic information system is used for input, storage, manipulation, and output of
geographic information. It provides a powerful tool to combat diseases especially those of
vector-borne (Eisen and Lozano-Fuentes, 2009). GIS-based approaches have been used to
visualize or model spatial patterns of risk for exposure to malaria parasites in Africa,
leishmaniasis, influenza cases and dengue in various parts of the world (Chang et al., 2009;
Lozano-Fuentes et al.,, 2008). This provides crucial information facilitating allocation of
resources to areas most in need of vector and disease control (Lozano-Fuentes et al., 2008). GIS
maps can be developed for any number of vector-borne, zoonotic, waterborne, or food borne
diseases where case locations are available. In the UK GIS is an important tool with which to
'join up' government and geographical data between agencies in tackling health issues. Also in
Hungary one study was conducted which used the National Public Health Service to establish

monitoring in primary care facilities on selected chronic diseases (Moss et al., 2006).

There is evidence that alteration of the landscape that affects the aquatic environment affects the
presence of Buruli ulcer. With alteration in the landscape, the structure and functions of the
ecosystem is affected including habitat loss, species extinction, introduction of new species
colonization and other processes in the ecosystem (Ceballos et al., 2010; Linderman et al., 2006;
King et al., 2005; Moloney and Levin, 1996; Forman, 1995). Changes in the spatial pattern of
land use/ land cover (LULC) create favorable conditions for vectors and hosts resulting in high
incidence of diseases (Jackson et al., 2006). Documentation on LULC shows the role it plays in

the dynamics of infectious diseases in both wildlife and human populations (Farnsworth et al.,
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2005; Smith et al., 2005). Residential development or agricultural land use results in higher
contact rates between humans and disease vectors or may even decrease the natural species

causing disease in the environment.

A lot of research has been done on the distribution of M. ulcerans but much attention has not
been paid to the ecological aspect of it (Wagner et al., 2008). However, most epidemiological
research finds some relation between BU and the alteration of fresh water habitat including
marshes, impoundments, wetlands, and slow moving riverine environments (Duker, 2005;
Johnson, Sopoh, et al., 2005; Merritt et al., 2005; Raghunathan, et al., 2005; Aiga et al., 2004;
Thangaraj et al., 1999; Horsburgh Jr and Meyers, 1997; HAYMAN, 1991 Barker and Carswell,
1973). The probability of BU presence increased with increasing longitude and percent
agricultural land use in a 20-km buffer surrounding a village, and decreased as latitude and the
percent urban land use in a 50-km buffer surrounding a village increased (Wagner et al., 2008).
Smaller spatial scale researches done showed an association between BU and water (Debacker et
al., 2006; Aiga et al., 2004). However, Wagner et al. (2008) using the Land Sat images suggest
that proportion of water land cover surrounding villages and the distance to the nearest river are

not associated with an increased probability of BU presence at the village level.

2.6 Criteria for establishing transmission

In biomedical research, some criteria exist for identifying living agents as biologically
significant reservoirs and/or vectors of pathogens. The role of aquatic insects, adult mosquitoes

and other biting arthropods as reservoirs and as vectors of M. ulcerans transmission vary. It is
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important to discuss what makes a vector to be identified and be linked with transmission of

M.ulcerans.

For any vector to be incriminated it means it satisfies Koch’s postulates, thus;

(1) The vector must be shown to acquire the pathogen from an identified source such as an
infected vertebrate host or other reservoir, and thereafter become infected with the pathogen;

(2) The vector must be shown convincingly to have close associations with infected hosts,
including humans, in time and space;

(3) Individual vectors collected in endemic settings must repeatedly be found infected with the
pathogen; and

(4) Efficient transmission to competent vertebrate hosts must be demonstrated

experimentally. Thus under well controlled conditions, by individual vectors, such as by bite or

other means of direct contact (Barnett, 1960).

Aquatic and semi-aquatic Hemiptera and other insects have been identified to harbor M. ulcerans
but it does not provide ample evidence for them as obligatory insects (Marsollier et al., 2007). It
has become evident that further research is required to confirm the association between mosquito
bites, adult mosquito infection, and incidence of Buruli ulcer in humans. The pathway proposed
by Fyfe et al. (2007) require further exploration to establish the link between mosquito feeding
on infected possums and transmission of the agent via the same species of mosquitoes (Fyfe et

al., 2010)
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Secondly, Bradford Hill provided a guideline to incriminate a vector for establishing causation of
infection and disease in epidemiological/ecological context (Hill, 1965). Bradford Hill guidelines
focuses on epidemiological/ecological association and use of logical inference to deduce support,
provide convincing evidence for an undisputable conclusion of cause and effect. In which case
A is the “‘cause’” and B the ‘‘effect’” in the relationships being studied (Howick et al., 2009;

Plowright et al., 2008)

In applying Hill’s criteria to Buruli ulcer disease causation, ‘‘A’’ would be contact between an
insect vector infected with M. ulcerans, and ‘‘B’’ would be human infection with M. ulcerans.

(1) Plausibility. The cause and effect association of A and B must be plausible. Simply put, what
is being observed is rational and that the association between A and B reflect common
understanding of the normal behavior and consequence attributed to it. Following up on Buruli
ulcer and vector transmission, the available evidence is not sufficient to conclude that biting
hemipterans are a critical vector of M. ulcerans. With the available information it is known to act

as an environmental reservoir.

(2) Temporality. Assuming that the cause “A” results in an effect “B”, in that scenario then A
must consistently precede B in temporal sequence. Unfortunately for Buruli ulcer, there is not
much evidence that bites of a specific insect or insects consistently precede development of M.
ulcerans infection in humans. However mosquito bites have been reported to be associated with
increased risk of Buruli ulcer (Quek et al., 2007). Certain bites may go unnoticed especially if
they are painless, nevertheless painful bites preceding the disease will be more likely

remembered e.g. a naucorid or belostomatid bite.
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(3) Strength. There should be statistically significant association between the cause “A” and the
effect “B”. Almost all epidemiological studies have displayed strong association between contact
with water or wetland and M. ulcerans infection in man. What has not been established is the
link between the bite and the infection e.g. bite from hemipterans and M. ulcerans infection. In
addition, association between mosquito bite and development of M. ulcerans in Africa has not

been established.

(4) Biological gradient or dose-response relationship. In simple mathematical terms, there is
proportionate increase in infection as the cause also increases thus infection in effect “B” should
increase proportionately as cause “A” increases. Mosquitoes caught in highly endemic area in
Southeastern Australia are more likely to be PCR positive than those caught in low endemicity
areas (Johnson, Azuolas, et al., 2007). On the other hand, there is no evidence that higher
infection rate of M. ulcerans of aquatic insects’ results in higher incidence of infection of in

humans.

(5) Consistency. With the aspect of consistency, review of the existing epidemiological studies
show some support for each other however there is no clear consistency among epidemiological
scenarios to support the postulate that insects are the predominant vector in most regions. It

provides an overall lack of consistent data on the role of vectors in M. ulcerans transmission.

(7) Experimentation. In experimentation, the criteria use experimental manipulations which are

feasible and can be structured realistically. It is expected that treatment conferred on the effect
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“B” must show a positive association. Experimental data on insects and M. ulcerans shows that a
lot of work has been done but it is difficult to generalize conclusions on the association due to
variation in the outcomes. Lastly, it is difficult to carryout large scale experiments to evaluate

and replicate an earlier experiment.

(8) Specificity. Bradford Hill’s criteria explain that effect “B” should follow the cause “A”. in
situations where you have multiple causes of B, this criterion becomes difficult to satisfy. With
the available literature, there is paucity of data to prove specificity between insect bites and
Buruli ulcer cases. In addition, since the current data suggests multiple transmission model for

Buruli ulcer, it indicate that the disease lack specificity with regard to insect vectors.

(9) Coherence. The overall coherence is not strong. It looks at the association of the effect “B”
with the cause “A” that it must cohere to knowledge of similar relationships in other similar
associations. M. marinum group does not depend on invertebrate vectors for their transmission
and infection causation in fish. It becomes more difficult in comparing that to the proposed

mechanism of disease causation due to M. ulcerans.

In summary, from the available information regarding cause and effect, there is not enough

epidemiological evidence for undisputable conclusion on the mode of transmission of Buruli

ulcer.
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2.7 Case Management
Until recently, surgery was the only available treatment for BU. This procedure often involved

extensive excision, with or without skin grafting. This belief developed because of the massive
destructive nature of the disease and early reports which suggested that wide surgical excision
was the only effective treatment and even after introduction of antibiotics, early trials with
clofazimine (Revill et al., 1973) and rifampicin/clofazimine (Epsey et al., 2002) demonstrated
only marginal benefits. On the other hand, access to surgery has been very limited because of
inadequate surgical capacities in most affected areas of endemic developing countries. Besides,
where such facilities are available, the cost of surgery is far beyond the means of most of those
severely affected (Ross et. al., 1997). Other additional problems that further compound the
difficulty in surgery is the need for prolonged hospitalization — averaging at least three months
and hospitals where surgical treatment is possible, have limited bed capacities. This further

reduces the number of patients who can be admitted and treated.

Moreover, recurrence rates after surgical treatment have been recorded. In a one-year follow-up
after excision of small early lesions in the Amansie West district of Ghana ( Amofah et al.,
1993). Barogui et al., (2009) estimated al6% recurrence rate. Other researchers in some
countries have reported recurrence rates of 28%, mainly among late severe cases (Sizaire et
al.,2003). John Travis (1999) listed the additional human suffering, inflated treatment costs and

often frustrations that occur with successful management of the disease.
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In Australia, where patients are usually treated with conservative surgery combined with oral
anti-mycobacterial drugs, relapses at distant sites during and after antibiotic therapy have been

observed in a few patients (Johnson PD et al., 2007).

Due to evidence that a combined antibiotic treatment with rifampicin and streptomycin has the
potential to inhibit growth of M. Ulcerans the World Health Organisation issued provisional
guidelines recommending standard antimycobacterial therapy in 2004 (WHO 2004; Etuaful et al.
2005). Presently, prospective drug trials are being conducted comparing the efficacy of different
dosages and durations of anti-mycobacterial treatment in different stages of BU disease.
According to the lesion category different treatment schemes are applied (antibiotic treatment
alone or in combination with surgery). Based on the results of several experimental studies
performed in the mouse footpad model (Dega H et al., 2002; Morsollier et al., 2003; Etuaful et
al., 2005) and a pilot clinical trial conducted in Ghana under the auspices of WHO demonstrated
that after daily treatment with rifampin and streptomycin for at least 4 weeks, M. ulcerans could
no longer be cultured from the lesions. Furthermore, the antibiotic treatment reduced the surface

area of most lesions by more than 50%, thus allowing for less-extensive surgical excision.

WHO introduced new provisional antibiotic treatment guidelines for BU following a successful
pilot study from Ghana and Benin which confirmed that human lesions can be sterilized with
antibiotics rifampicin and streptomycin (Etuaful et a.l, 2005; Chauty et al, 2007). This WHO

recommended drug treatment is a Directly Observed therapy (DOTS) of Streptomycin, 15mg/kg
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body weight by intramuscular injection daily plus Rifampicin, 10mg/kg body weight by mouth

daily for 8 weeks.

Table 1: SUMMARY OF TREATMENT METHODS FOR DIFFERENT STAGES OF ACTIVE
BURULI ULCER

STAGE OF DISEASE RECOMMENDED STANDARD SURGICAL
ANTIBIOTIC
TREATMENT TREATMENT
1. Early disease : (I) Antibiotic treatment with | (1) Surgical excision and
Rifampicin- )
() Nodules, papules, small primary closure
) Streptomycin for 4 weeks B ) o
ulcers (< 2 cm diameter) only) (i) Surgical excision, wound
(ii) Plaques, oedematous (ii) Rifampicin-Streptomycin | care and skin grafting
lesions, medium size ulcers | for 4 Weeks
(2-5 cm diameter) before surgery and then
Rifampicin-Streptomycin for
4 weeks
2. Late disease : Large ulcers Surgical excision, skin
Rifampicin-Streptomycin
(> 5 cm diameter) grafting and wound care after
for 8 weeks

4 or 8 weeks of antibiotic
treatment

Source: WHO: GUIDELINES FOR CONTROLLING BURULI ULCER IN THE AFRICAN REGION

This protocol has led to a new approach to treatment with the potential to reduce cost, allow
delivery of care closer to the homes of patients and encourage patients to report at health

facilities earlier as the fear of surgery is lessened.
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Most cases of BU occur in resource-limited settings and therefore there is an urgent need to
simplify treatment and improve outcomes (WHO 2004). Due to the characteristic clinical
presentation of ulcerative lesions, experienced clinicians are generally able to establish the
diagnosis on clinical grounds, with the analysis of diagnostic swabs providing laboratory

confirmation in the majority of cases.

In contrast, pre-ulcerative lesions have uncharacteristic clinical features and, consequently, a
variety of possible differential diagnoses exists. An accurate clinical diagnosis is therefore more
difficult at early stages, and priority should be given to the laboratory confirmation or differential
diagnosis of these cases based on an analysis of tissue specimens (Siegmund et al., 2007, Chauty

et al., 2007).

Recurrence and treatment failures have been attributed to factors such as host factors like
malnutrition, HIVV Co-infection, pathogen factors which looks at the virulence of the pathogen,
strain and health system factors. Some of the Health system factors linked to the

recurrence/treatment failure are incorrect diagnosis and incomplete adherence.

2.8 Health Seeking Behaviour

People’s attitude towards medical care is not only determined by availability and access to
relevant health care (Aujoulat et al.,2003) but depends on personal experiences, perceptions,
explanations, attitudes of the social network and health beliefs interact and influence health-

seeking behaviour (Liefooghe et al., 1997).
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Therefore it is important to understand the people’s interpretation of the causes of their sickness
(Stienstra et al., 2002). Especially diseases whose etiology could not be readily explained are
often given various explanations among the people. Social stigma or exclusion may prevent
BUD affected people from seeking medical treatment. Reasons for stigma and exclusion were
fear of acquiring BUD, the mysterious nature of the disease, a lack of knowledge on the mode of
transmission and a lack of proper treatment (Stienstra et al., 2002; Asiedu et al., 1998). Stienstra
et al., (2002) found that patients were also hindered in functioning as a leader and were avoided
by others. But also marital problems and sexual functioning were mentioned. It is interesting to
note that unaffected respondents and people in less endemic locations mentioned stronger
stigmas (Renzaho et al., 2007). Similar findings were found in Kenya and Vietnam for
tuberculosis — a disease which is also associated with high negligence (Johansson et al., 2000;

Liefooghe et al., 1997).
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CHAPTER THREE - METHODS

3.1 Study Design

It was a Case - Control study with spatial mapping. The cases were identified through
community active case search. All identified cases were mapped in their various residents and
the entire course of the Densu River from the Etiwa Mountains to the Weija Lake was as well

outlined.

3.2 Study Area

The case-control part of the study was carried out in Suhum-Kraboa-Coltar and Akuapem South
districts of the Eastern Region of Ghana. The Spatial mapping of Buruli Ulcer cases involved

both the Eastern and Greater Accra Regions following the entire course of the Densu River.

3.2. 1 Background of Densu River

The Densu River is 116 km long which takes its source from the Atewa — Atwiredu Mountains
near Kibi in the East Akyem District of the Eastern Region. The Densu spans an area of 2,490
km?, the main tributaries are Adeiso, Nsakyi, Dodro, and Kuda. The Densu River flows into the
Weija Reservoir before entering the Gulf of Guinea. There are over 200 settlements in the basin
and the total population is almost 600,000 with about 40% of the population engaged in

agriculture. The mean annual runoff is 500x106 m®. The Densu River is of specific importance
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since it includes the Weija Reservoir which supplies water for approximately half of the Accra

Metropolitan Area.

The Densu Basin is located at the South Eastern part of Ghana and lies within longitudes 10
30°W -10 45°W and latitudes 50 45°N - 60 15°N. It shares its catchment boundary with the Odaw
and Volta Basins to the east and north, the Birim in the northwest and the Ayensu and Okrudu in

the west. The map below gives a clearer picture of the location of the Basin
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Figure 5: Showing Suhum-Kraboa-Coaltar and Akuapem South Districts, the case control
study area.

The Akwapim South Municipality is one of the 21 Districts in the Eastern Region. It has a
population of 130,031 with a growth rate of 1.4% (Akuapim South Municipality, Annual report
2009). It is located in the South-Eastern part of the Eastern Region and covers an area of 440km?
with hilly topography. The district has two (2) main ecological zones namely the moist semi-
deciduous forest and coastal savannah grassland. The district is bounded to the North West by

Suhum Kraboa Coaltar District.
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The Municipality consists of six sub-districts namely Nsawam, Adoagyiri, Pokrom, Pakro/Dago,
Pampanso and Aburi with Nsawam as the district capital. Residents of the Akwapim South
district depend on the River Densu for their source of water supply, 30% of the population
depends on pipe-borne water treated by the Ghana Water Company at the municipal water

treatment plant.

Suhum Kraboa Coaltar District shares boundary with Akuapem South Municipality. It covers an
area of 1018 km? with a population of 188,661. It is located in the Southern part of the Eastern
Region (Suhum Kraboa Coaltar, Annual report 2009). The district has 6 Area councils with 48
electoral areas. Agriculture is the predominant occupation of the people in the district absorbing
about 70% of the total population. Currently, sand winning has become a lucrative job in the
area. The common diseases in the district are malaria, acute respiratory tract infection, diarrhoeal
diseases, enteric fever, yaws, schistosomiasis, onchocerciasis and of late hypertension and

diabetes.

Ga West and Ga South districts are neighboring districts in the Greater Accra Region. These two
districts were originally the Ga West district which was later divided into Ga West and Ga South
in 2008 with total population of 502,179. The districts are made up of both rural (40%) and
urban (60%) communities. The rural communities are made up of more than 400 scattered
settlements. Many of the rural communities in the district are more than 10 kilometers from the

existing government and NGO/quasi-government health facilities and thus have limited access
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geographically to any health service delivery point. There are 15 government health facilities,
private clinics and maternity homes in the district. There is no access to pipe borne water in most
part of the districts, the rural communities depend on boreholes, wells, ponds and the Densu
River for their water supply, and the urban communities buy water from tankers. There is active
sand winning activities in both districts and this has lead to the destruction of the environment

with the creation of pools of stagnant water all over the districts.

3.3 Study Population

The target population for the study was made up of all people living in the Akuapem South,
Suhum Kraboa Coaltar, Ga West and South districts at the time of study. Clinically diagnosed
Buruli ulcer patients were recruited into the study following an active case search in the
communities by trained Community Based Surveillance Volunteers, Community Health Workers

and principal investigator in all the four districts.

3.4 Sample size

A total of 113 cases and 113 community controls were used in the study. However, from the
sample size that was calculated using the following parameters, for case-control study where the
exposure of interest was water (unprotected). About 50% of the controls had been exposed to
unprotected water as well as 75% of the cases. With a confidence interval (1-a) of 95% and a
power (1-B) of 80%, detectable odds ratio of 3.0, a minimum of 65 cases and 65 controls was

required from Epi Info software version 3.5.1. However, all the cases identified were included in
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the study thereby increasing the power of the study. A higher odds ratio of 3 was used in the
sample size calculation because the disease in question was rare and this as well under powers

the study to detect any risk factor with an odds ratio less than 3.0.

3.5 Definitions

Case: Any person aged 2 years or more who resided in the Suhum-Kraboa-Coaltar and Akuapem
South districts diagnosed of Buruli ulcer meeting the WHO clinical case definition for M.
ulcerans disease. WHO clinical case definition for Buruli ulcer divides the disease into two
stages: active and inactive. The active form is characterized by non-ulcerative (papules, nodules,
plaques, and edema) and ulcerative disease. The distinctive features of a Buruli ulcer include
undermining edges, white cotton wool-like appearance, and thickening and darkening of the skin

surrounding the lesion.

Control: Any person who resided in the community/neighbourhood where the case came from
but did not have Buruli ulcer. The controls were matched by 5 year age range and sex to the

cases.

3.6 Data Collection Method/Technique and Tools

This research was conducted in the Eastern and Greater Accra Regions of Ghana. Districts that
were involved were Suhum-Kraboa Coaltar district, Akuapem South Municipal of the Eastern

Region, Ga west and Ga South Municipalities of Greater Accra region. Field work started from
47



May 2010 to December 2011. All stakeholders were engaged during the initial planning and
proposal development phase to solicit their buy-in and sort their input for better working relation
and collaboration. The National Buruli Control Programme was involved and gave the necessary

support to the study.

Using an existing map of the Densu River, all the communities along the river were demarcated
from its source Etiwa mountains in the eastern region to the Weija Lake in Ga South Municipal.
Figure 6 below is the map of the Densu river and the districts where the active case search was

carried out.
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Figure 6: Map of the Study Area showing the Basin of the Densu River
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The study area was divided into geographic study units to make numbering of the communities,
active case search, detailed data collection and case tracing more manageable. Communities

within the study area and 10 kilometers radius from the Densu River were included in the study.

Most of the communities had community registers which were obtained from the disease control
officer of the DHMT of the various districts/municipalities and each community assigned unique
identification (ID) numbers. Ghana Health Service has a directory of all community based
volunteers (CBV) who they constantly work with in delivering public health services and as well
surveillance activities in those communities. With the help of the various District Directors and
disease control officers, the community based volunteers who were involved in buruli ulcer

activities from all the communities within the study area were selected and invited for training.

One day training was organized for the volunteers. Items used included pictures of buruli ulcer
cases, skin conditions that could likely be buruli ulcer and the case definition for Buruli ulcer.
The volunteers were trained in batches and then immediately sent out to carry out the active case
search in their respective communities together with the research team. This was done to
minimize the possibility of forgetting the knowledge and skills acquired. CBV were given
laminated pictures of buruli ulcer lesions and WHO posters on buruli ulcer to post in their
various communities for awareness creation, easy identification of buruli ulcer cases and self

referral.
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Figure 7: Picture show community sensitization with Buruli ulcer pictures

The volunteers were equipped to undertake active case search, giving identification (ID)
numbers to BU cases, registering the cases, linking cases with national buruli ulcer control
programme registers in the community, seeking informed consent from the BU suspected cases

and scheduling interviews.

The community based volunteers in each community served as the liaison between the
community and the research team. They introduced the team initially to the head of the
community and the opinion leaders and solicited their cooperation on the research being carried
out. In some communities this information was passed on to the members of the community in

the night by using the town crier (beating “gongon”) or using the community’s own means of
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passing on information to each other. The team comprising of the principal investigator, research
assistants and the community based volunteers was then given a period within which the
community was visited and active case search conducted. During the active case search the
research team moved from village to village in search of possible Buruli ulcer cases. In a village,
the team on entering a household displayed the pictures of the lesions to household members.
Individuals who had any of those lesions were selected, examined and enrolled. For those who
were not present, posters and pictures on buruli ulcer were left in the house for self examination
on their return. The community based volunteers returned to those houses for a follow-up to
identify possible cases to be enrolled into the study. In some cases some of the inhabitants that
were not available after viewing the posters self referred themselves to be enrolled for the

research.

With consent from parents, children were made to undress for thorough skin examination since
most of them will not report of any skin lesion to their parents. All suspected buruli ulcer patients
identified in the community were enrolled and a written consent form was administered to them.
The consent form was translated to participants who could not read or write. Participants who
consented to the study were made to sign or thumbprint the consent form in the presence of a
witness who also signed the same form. Due to superstition and some cultural beliefs some of the
participants refused to thumbprint, however they were willing to participate in the study. These

participants only gave verbal consent and this was documented on the consent form.
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Suspected cases of Buruli ulcer that consented to participate in the study were interviewed using
a standard structured questionnaire. Each interview took at least 30minutes. Two trained field

workers (research assistants) conducted interviews for the buruli ulcer cases in the community.

Questions administered covered issues on demography (age, sex, place of residence, marital
status, occupation, and educational status), behavioural activities like swimming, wading,
fishing, wearing of protective clothing and personal hygiene. Environmental issues like presence
of wetland/swamp, Vegetations, Cocoa Plantations, Coffee plantations, type of house they were
staying in, their sources of drinking water and sharing of living space with animals/pets were

assessed and peculiar characteristics of their locations were also noted.

Taking Samples from lesions

For all the suspected cases, samples were taken from their various lesions. The type of sample
taken depended on the type of lesion. Ulcerative lesions were cleaned and exudates collected
with two cotton swabs from the base of the circumferential periphery of the undermined edges of
the ulcer. A fine-gauge needle (23G by 25 mm) attached to 10 ml syringe was inserted through
the centre of non-ulcerated lesions or into viable inflamed skin immediately adjacent to ulcers
and moved back and forth within the subcutaneous tissue to obtain the aspirate. The aspiration
was terminated when the fluid first appeared at the needle hub. The needle was then withdrawn
from the lesion, the needle detached from the syringe and the specimen released into a sterile

receptacle.
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Figure 8: Taking swab from suspected buruli ulcer lesions

Specimen collection, Storage and Transportation of samples

All specimens collected were stored in and transported at 4°C in a sterile specimen container
with transport medium to the bacteriology laboratory of Noguchi Memorial Institute of Medical

Research for confirmation.

For each suspected case, a community based control was randomly selected based on spinning a
bottle in the middle of the community, following the direction of the tip of the bottle, and
choosing the first house in that direction. Within the first house entered any person of the same
sex and within five years age range who was without buruli ulcer was selected as a control. If the
person refused to participate in the study, the second person in the house was approached until a
suitable control was identified and interviewed. Where no suitable control was identified in that

house the next house was visited and the same procedure was repeated until the appropriate
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control was selected, informed consent was administered and the control interviewed with the

same standard structured questionnaire.

Swabs taken from the undermined edges of ulcers and fine needle aspirates (FNAs) from nodules
and oedematous lesions were taken for direct smear microscopy using the Zeihl-Neelsen staining
method. 1S2404-PCR test was also done to detect M. ulcerans DNA (Ross et al., 1997).Two
swabs were taken from each suspected case. These cotton swabs were put in plastic containers
and sealed. They were labeled with information that included the name of patient, identification
number, age, sex, and date of specimen collection. Specimens were stored on ice and transported

to the laboratory for analysis.

Detection of Mycobacterium ulcerans in Swab or FNA Specimen

M. ulcerans in this study was detected by the use of three confirmatory diagnostic tests. These

were direct smear microscopy, culture and polymerase chain reaction.

Direct Smear Microscopy

The direct observation of acid-fast bacilli (AFBs) under the microscope was done using the
Ziehl-Neelsen (ZN) staining technique.Two drops of sample suspension was put on each labeled
slide. Each slide was allowed to air-dry and the smear fixed by heat-drying without boiling. It
was then flooded with ZN carbolfuchsin. The slide was heated slowly until steaming for 3-5
minutes without letting it boil dry. Afterwards the steam was rinsed gently with running water

until the slide was free of stains. The slide was then decolorized with 20% Sulphuric acid for 2-
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5minutes. This was then again rinsed thoroughly and excess water drained. Counter-staining was

then done with 3% methylene-blue chloride solution for a maximum of 120 seconds. Final

rinsing was then done, excess water drained and slide allowed to dry without blotting. It was then

examined under the microscope for acid-fast bacilli (AFBs). The quantification used for

reporting the results is as shown in the table 2 below

Interpretation of Results

Table 2: Reporting of AFBs

No. of AFB seen on average No. of fields seen Report

No AFB /100 immersion fields 100 No AFB observed
1-9 AFB / 100immersion fields 100 Scanty

10-99 AFB /100 immersion fields 100 +

1-10 AFB / 1 immersion field 50 ++

>10AFB / 1 immersion field 20 +++

Note: + -Small numbers of AFBs seen in smear

++ -Moderate numbers of AFBs

+++ -Numerous numbers of AFBs

Culturing of M. Ulcerans

Samples were decontaminated using the oxalic acid method. Briefly, 2mls of homogenized tissue

sample was added to 2mls of 5% oxalic acid. This was mixed by vortexing and then left standing

at room temperature for 30mins with intermittent mixing. This mixture was neutralized with
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40ml of sterile phosphate buffered saline (PBS). It was then centrifuged at 3000g for 30 minutes
and then pellets re-suspended in 1ml of PBS. Two (2) drops of this final mixture were inoculated
in duplicate Lowenstein-Jenssen (L-J) tubes. These were incubated at 32°C. They were
examined daily for contamination for the first week and then subsequently weekly for episodes

of growth for 8-12 weeks.

Polymerase Chain Reaction (PCR)

1S2404 Specific PCR for the Detection of M.ulcerans in BU Samples

This method amplifies minute quantities of DNA to levels that can be detected in the laboratory.
This sequence of the DNA that is amplified is determined by the sequence of the PCR “primers”
that initiate PCR amplification. The diagnostic protocol consists of heat and alkali lysis,
extraction of total DNA from sample and then PCR reaction to detect M. ulcerans-specific DNA

in extracted total DNA.

Mycobacterial DNA Lysis and Extraction

Mycobacterial DNA was extracted from 500ul of BU sample by the QlAamp DNA extraction
minikit (Qiagen, Hilden, Germany) as per instructions of manufacturer. Briefly 20ul of
proteinase K was added to a mixture of 400ul aliquot of BU sample and 400ul of lysis buffer.
This was mixed by vortexing and incubated at 56° C for 30 minutes. It was allowed to cool, after
which 400ul of absolute ethanol was added to facilitate mycobacterial DNA precipitation. 700ul

of the final mixture was transferred to a collection tube attached to the spin column and
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centrifuged at 6000g. The collection tube was then discarded with the filtrate. This procedure
was repeated for the remaining mixture and the filtrate washed twice with two different washing
buffers, firstly with 500ul of washing solution 1 (Buffer AW1), and then with washing solution 2
(Buffer AW2). The extracted DNA was then eluted into 100-150ul of the elution buffer provided

in the kit.

Mycobacterial DNA Amplification

Extracted DNA was amplified using the QIAGEN PCR kit as per instructions provided by the
manufacturer. Briefly 4ul of extracted mycobacterial DNA was amplified in a final 20-ul volume
PCR reaction mix (1_ TaqPCR buffer, deoxynucleoside triphosphates (0.2 mM each), 1 U of
AmpliTagGold DNA polymerase (Perkin-Elmer Applied Biosystems), each primer at a
concentration of 0.5 _M (represented in the PCR QIAGEN kit as master mix) and Q solution in
addition to 1 ul of forward Primer pMU1 and 1ul of reverse pMU?2 in addition to10ul of Master
Mix solution. The reaction was carried out using an Applied Biosystems thermal cycler starting
with denaturation for 10 min at 95°C. PCR was performed for 40 cycles of 30 seconds at 96°C,
30 seconds at 60°C and 68 for 18 seconds .The reactions were terminated by incubation at 72°C

forl5 minutes.

Visualization of PCR products

PCR products were analyzed by agarose gel electrophoresis using 2% agarose gel incorporated
with ethidium bromide and visualized with a UV trans-illuminator. They were estimated by

comparing the bands to a 1-kb ladder. The samples were run concurrently with negative and
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positive controls. A sample positive for 1S2404 was indicated by the alignment of its band with

the band produced by the positive control sample as shown in figure 9 below.

Figure 9: Plate of agarose gel showing electrophoresis of amplified PCR products

Lane 1: 1 kb base pair markers
Lane 2: positive control
Lane 3: negative control

Lanes 9 & 17: Clinical samples strongly positive for 1IS2404PCR

Spatial Mapping

E-trex Garmin Geographical positioning system (GPS) receiver machine was used to mark the
location of each suspected buruli ulcer patient. Houses, water bodies, field/crops, gardens,
footpaths, rivers, road and any other feature of importance were also marked with the GPS
receiver machine. In order to have accurate data from the Garmin eTrex Legend GPS receiver,

the research assistants were trained on the use of the GPS receiver. On the main menu page on
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the machine, the setup option was selected, opened the time page and selected the time zone.

Selected the Units icon to open the Units page and the following preferences were selected:

a. Position Format — hddd.ddddd (decimal degrees)

b. Map Datum — WGS84 (World Geodetic System, 1984)
c. Distance/Speed — Metric

d. Elevation (Vert. Speed) — Meters

e. Depth — Meters

When the receiver had acquired signals from 4 or more satellites (3D fix), the coordinates were
displayed on the screen. To make sure the location (accuracy) shown in the upper left side of the
Satellite page was 8 meters (25 feet) or less for greatest positional accuracy. However, the GPS
receiver was held until the positional accuracy shown was less than or equal to 4meters (12.5
feet). Coordinates for north latitude and east longitude are denoted by positive numbers and
south latitude and west longitude coordinates are represented by negative numbers. GIS software

utilizes positive and negative numbers instead of compass directions.

Accuracy Check Point (ACP) on the GPS receiver was set. This was done to ensure that
accurate values were recorded during the field work. It was used as a reference point for the GPS
observations. In addition, the ACP was used to verify whether the set up was correct and the
GPS receiver was working accurately. The main entrance of the School of Public Health,
University of Ghana security post was used to establish the ACP. Before leaving for the field

sites where GPS observations were made, each research assistant and principal investigator stand
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at the security point, switched on the power to the GPS receiver and Check the GPS receiver
settings (DD, WGS-84, and WAAS-enabled) and the number of satellites acquired. At least four
or more satellites were acquired and the accuracy reading on the Satellite Page shows 4 meters

(12.5 feet) or less.

The established geographic coordinates for the ACP and all future GPS coordinate readings at
the established ACP matched to the first 3 places behind the decimal (e.g. 33.782, - 118.002) was
ensured. If there was any discrepancy, the set up preferences in the GPS receiver was reset and
the ACP co-ordinates rechecked for consistency before leaving for the field. The Waypoints
collected in the field were recorded to all 5 places behind the decimal to ensure good positional

accuracy (e.g. 33.782530, - 118.002690).

To obtain geographic coordinates for point locations, a designated point was used to mark the
reading. When determining the geographic coordinates for a premise, the front gate geoposition
was used example the driveway entrance to the property or main gate of the facility. However,
when mapping a facility, a point near the main entrance was chosen and for water bodies, the
main entrance to the water body was used. The center of the cover on the borehole was used. For
any other feature, standing by the exact location the Satellite page was examined in each case to
make sure that the receiver’s accuracy level was relatively stable within the acceptable range.

The rocker key was pressed and held for a few seconds to create a new waypoint.

GPS receiver machine was used to take the GPS co-ordinates of the controls as well. This

activity was carried out twice in a week until each geographic study unit was completed.
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The team then moved to the next geographic study unit and the same procedure carried out until

the whole study area was covered.

3.7 Data Quality Checks

Questionnaires were designed with consistency checks to prevent errors at the stage of data
collection and at the point of data entry. The questionnaire was pre-tested at Obom a known

buruli ulcer endemic community in Ga South Municipality to evaluate the following;

1. Acceptability of the questions being asked

2. Willingness of respondents to answer and collaborate with the study
3. Reliability of the questionnaires

4. Sequencing of questions and their clarity

5. Accuracy in interpretation of questions.

In the main study all questionnaires were cross-checked by the field supervisor and principal
investigator before the questionnaire being entered into the data base. All questionnaires were
checked for incompleteness and any form of error. Questionnaires that were incomplete were
taken back to the field within 24 hours for rectification. Completed questionnaires were kept in a
big envelope under lock and key. The principal investigator selected some completed
questionnaires and re-administered them to ensure accuracy of the data collect. Data was entered

into Microsoft Access and analyzed with SPSS version 16.
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Geoposition coordinates taken for cases, controls and various attributes of importance in the
study had an ACP set and before departure to the field, field workers ensure that the rechecked
ACP value was accurate up to three points after the decimal. In addition to recording the
coordinates of the attributes in the GPS receiver, the values were also recorded into a design hard

copy with special box for each figure, template on appendix.

GIS co-ordinates data taken for the cases, controls, houses, water bodies, field/crops, gardens,

footpaths, rivers and roads were entered into an excel spread sheet and analyzed using ArcGIS.

3.8 Data Analysis

To import GPS waypoint data into ArcGIS software for analysis, the GPS receiver was
connected to the USB port of the computer using the Garmin data cable that was packaged with
the eTrex Legend H receiver. The GPS receiver was powered up, opened the ArcGIS software
by double-clicking on the icon on the computer to import the waypoints data for it to plot on the
map of the study area (georeferencing). Geographic Information System (GIS) maps were
developed showing buruli ulcer case distributions along the Densu river. Maps were generated
based on buruli ulcer cases per population of the communities and districts. Buffer zones, which
were diameters created around the place where Buruli ulcer cases reside to identify features
particularly environmental factors within buffer zone that were associated with Buruli ulcer.

Further analysis was done to determine the presence of clustering among the Buruli ulcer cases.
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Results of the case control part of the study was presented in frequency tables, 2x2 tables, charts
and appropriate graphs. Chi square test and Odds ratio were used to measure the association
between the exposure variables and Buruli ulcer. Buruli ulcer development was the dependent
variable and demographic, host related, environmental and behavioural risk factors as the
independent variables. Significance level was set at a p-value less than 0.05. Univariate analysis
was done to explore the association between the exposure variables and Buruli ulcer. All
variables that obtained p-values of 0.1 or less from the univariate analysis were retained for
backward elimination procedure form of logistic regression model in the multivariate analysis.
This procedure using SPSS takes care of interaction and confounders (Norman and Streiner,
2007). The variables which were not statistically significant were removed from the model one at

a time and only those that were significant were retained.

3.9 Ethical Consideration

Ethical approval

Ethical clearance was obtained from the Noguchi Memorial Institute for Medical Research
Institutional Review Board (IRB) and Ghana Health Service Ethical Committee. The approval

was renewed yearly during the period of the study.
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Study area approval

All the various Regional, Municipal and District Directors of Health Services were duly
informed for their consent namely the Regional Director of Health Services of the Eastern
Region, the Municipal Health Director of Akuapem South, Municipal Health Director of Ga
West, Municipal Health Director Ga South and District Director of Health of Suhum Kraboa
Coaltar. The research was introduced to the District Health Management Teams (DHMTS) of the
various districts for information and support for the active case search for buruli ulcer in their
respective areas since each of the DHMT’s had an active disease control unit. Lastly, the
Municipal and District chief executives of the study areas were informed to enable us get access
to the communities we were going to work in as well as gather useful information to help in our
field activities Permission was sought from the National Buruli Ulcer Control Programme

Manager and support solicited for the study.

Subjects involved

Informed consent was sought from parents or guardians for under aged wards. Participation in
the study was voluntary and subjects could withdraw at any time they wished. Participants did
not benefit directly but results of the study would help in the identifying the risk profile for
Buruli Ulcer. Informed consent forms were administered to parents and guardians on behalf of
their wards, and those who agreed to participate consented to the study by signing or thumb

printing.
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Privacy/Confidentiality

The objectives and the procedures for the study were fully explained to them. All potential and
enrolled subjects in the study were respected by permitting withdrawal from the research,
protecting privacy through confidentiality. The identity of participants was always protected
even when there was the need to link the identification of the cases to the community and
national buruli ulcer control programme, there was no link of names of participants, the GPS
coordinate of the participants’ locations to the internet to ensure participants protection and

privacy. Participants’ names or identity will not be revealed in any report.

Proposal and funding information

The study proposal was developed by me after going through revisions to make it scientifically

robust by my supervisors. It was funded jointly by me and the DAAD —ACBRIDGE project.

3.10 Limitations

An active cases search was deployed to identify the Buruli ulcer patients however most of the
case patients have been living with the disease for more than two years. In some cases they have
been living with the disease for more than ten years. Cases that were at early stages of the
infection or preclinical stages may likely be excluded in the study and may lead to bias. In
addition, the use of prevalent cases rather than incident cases for a chronic and rare disease like
Buruli Ulcer may pose a problem that some of the factors that may be identified will be

associated with the persistence of the disease and not its development. Since the questions being
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asked depends on the recall ability of the patient, recall bias remains a major limitation to this
study. Case patients are more likely to recall events preceding to the disease than their respective
control. Individuals who have had the infection for many years are more likely to forget about
the antecedent events. The beliefs of the respondents regarding the disease may also affect the
response of the participants but due to the education about Buruli ulcer in the communities
eroded those beliefs such as witchcraft and evil spirit causing the disease. However, their reasons

for not seeking earlier care ranges from geographical accessibility to financial accessibility.

The aspect of interviewer bias may also exist, however all the research assistants were trained
and were made to understand that in administering the questionnaires, probing or leading
questions should not be asked. The same research assistants were used throughout the study
period for consistency purposes. Each case-patient was matched to a community control but

avoided using relations in order to prevent overmatching.
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CHAPTER FOUR - RESULTS

4.1 Spatial Distribution of Buruli ulcer
Active case search for Buruli ulcer was carried out from the origin of the Densu river (Atiwa

forest) along its entire course till the Weija lake. A total of 257 suspected buruli ulcer cases were
identified from over 400 communities. One hundred and forty-one (141) of the suspected cases
were in Akuapem South and Suhum Kraboa Coaltar Districts and 116 from Ga west and Ga

South Municipalities.

Figure 9 shows the distribution of all the Buruli ulcer cases identified during the active case
search. The distribution of the cases were mainly in Akuapem south municipality and Ga West
Municipalities. A buffer of 500meters and 1000meters were created around each case to look at
the special features around the cases as shown in Figure 10. In Figure 11. clustering of buruli

ulcer cases was observed in Akuapem South Municipality and Ga West Municipality.

District prevalence of buruli ulcer clearly shows that, Akuapem South Municipality was the most
prevalent district followed by Ga West Municipality, Suhum Kraboa Coltar district and the least

Ga South Municipality, this is shown in Figure 12.
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Figure 10: Map of Study Area with distribution of Buruli ulcer cases
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4.2 Demographic Characteristics

A total of 141 probable Buruli ulcer patient were enrolled in the case-control aspect of the study
and out of these 113 (80.1%) were confirmed by a positive Polymerase Chain reaction (PCR).
Among the 113 confirmed positive PCR, 66 (58.4%) of them were also positive for Ziehl-Nelsen
test. The rest of the 28 (19.9%) probable buruli ulcer cases were negative for both PCR and
Ziehl-Nelson test. No significant difference was observed between the probable cases and the
confirmed cases with respect to demographic data, type of first lesion and localization of lesion

(Table 3).

Table 3: Characteristics of total cases, probable and confirmed cases

Characteristics Total Cases Probable Cases (n, Confirmed P-value*
(n, %) %) cases (n, %o)
N 141 (100) 28 (19.9) 113 (80.1)
Sex
Female 68 (48.2) 11 (39.3) 57 (50.40) 0.31
Male 73 (51.8) 17 (60.7) 56 (49.6)
Age( median, range) 27(2 -102) 29 (2 -98) 28 (2-102)
<10 19 (13.5) 6 (21.4) 13 (11.5) 0.1%
10-14 27 (19.2) 8 (28.6) 19 (16.8)
15-24 25 (17.7) 6 (21.4) 19 (16.8)
>24 70 (49.6) 8 (28.6) 62 (54.9)

*Probable vs. Confirmed cases, using Fisher’s exact test; 1 Nonsignificant association
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Table 3b: Characteristics of total cases, probable and confirmed cases

Characteristics Total Cases Probable Cases Confirmed P-VALUE*
(n, %) (n, %) cases (n, %)

First Lesson

Papule 3(2.1) 0(0) 3(2.7) 0.2%+
Plague 3(2.1) 0 (0) 3(2.7)

Nodule 110 (78.0) 27 (96.4) 83 (73.4)

Oedema 15 (10.7) 1(3.6) 14 (12.4)

Active Ulcers 8 (5.7) 0 (0) 8 (7.0)

Don’t Know 2 (1.4) 0(0) 2 (1.8)

Localization+

Leg 94 (67.1) 18 (64.3) 76 (67.9) 0.9%+
Arm 32 (22.9) 8 (28.5) 24 (21.4)

Trunk (Breast) 1(0.7) 0 (0) 1(0.9)

Head and Neck 8 (5.7) 1(3.6) 7(6.2)

Leg and Arm 5 (3.6) 1(3.6) 4 (3.6)

Distal 94 (67.1) 18 (64.3) 76 (67.9) 0.9%+
Proximal 41 (29.3) 9 (32.1) 32 (28.6)

Both 5 (3.6) 1(3.6) 4 (3.5)

Right side 68(48.6) 14 (50) 54 (48.2) 0.98*+
Left side 61(43.6) 12 (42.9) 49 (43.8)

Both 11 (7.8) 2(7.1) 9 (8.0)

*Probable vs. Confirmed cases, using Fisher’s exact test; T Nonsignificant association;
+ one missing piece of data
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The median age of all the recruited patients was 27 years (range: 2 to 102 years) and that of the
confirmed cases was 28 years (range: 2 to 102 years). Sixty two out of the 113 confirmed BU
cases (54.9%) were more than 24 years of age and trend analysis of the age group among the
probable and confirmed cases show that there was an association between age and confirmed
cases of buruli ulcer. An age above 24 years had 3.6 odds of being confirmed to be BU among

all suspected cases of Buruli ulcer.

Contracture deformities were observed in 12 of the cases with active lesions, extensive scar due
to Buruli ulcer in 5 of the cases and one patient has had amputation of the right little toe. Only 18
case patients had visited the health center with their lesions, 20 were receiving some form of
treatment from the herbalist and the rest were self medication. None of those with deformities

were receiving any form of physiotherapy.

Ninety eight percent (111/113) of the case patients could remember the initial form of the BU
lesion however, seventy eight percent of them (88/113) could not link the appearance of the
initial lesion with any particular event but 22.1% (22/113) associated it with either injury or
insect bite. The first form of BU lesion in 73.4% of the confirmed cases presented as nodules
(83/113) and 67.9% (76/112) of all the lesions appeared on their legs. Only 1.8% of the patients
(2/113) could not remember how the lesion started. The initial lesions occurred less frequently
on the trunk 0.9% (1/113), head and neck 6.2% (7/113). More of the patients had their initial

lesion on the distal extremity thus from the elbow to the hand and from the knee to the foot,
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70.4% (76/108) than on the proximal extremity, trunk or head 29.6% (32/108). Distribution of
the lesions was almost even on both sides of the body 48.2% (54/112) on the right side, 43.8%

(49/112) on the left side and 8.0% (9/112) on both sides.

During the active case search, most of the lesions diagnosed were active ulcers 77.0% (87/113)

which was entirely opposite of the appearance of the first lesion as nodules 73.5% (83/113).

Plaque, papule and nodule were known to be early lesions and oedema and active ulcers noted to
be late lesions. Comparing the form of the lesion at diagnosis and its initial appearance to early
and late lesions show that there was a significant association between late presentation of lesions

and diagnosis of lesion, Mantel-Haenszel Chi® - 92.2 and P-value <0.0001 (Table 4)

Table 4: 2x 2 tables showing clinical presentation at diagnosis and the form of the lesion

Clinical Late form of the|Early form of the

Presentation lesion(oedema, active | lesion (Plaque, papule | Total
ulcers) and Nodule)

Presentation at

diagnosis 95 18 113

Initial presentation
of the lesion when

patient first noticed 22 89 111
it
Total

Mantel-Haenszel Chi?- 92.2 and P-value <0.0001
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Figure 14: Distribution of Buruli Ulcer by Age group in Suhum Kraboa Coaltar and
Akuapem South districts of Eastern Region of Ghana, 2012
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Age group 10-14 years was the modal age group 16.8% ( 19/113) for the BU cases, followed by
15-19 years group 10.6% (12/113) and the least 75-79 years group 0.9% (1/113). Children and

teenagers form more than one third of the cases 38.9% (44/113).

Of the 113 positive PCR cases, 113 community controls matched by sex and 5 year age range
were recruited. Among the case patients 50.4% (57/113) were females and among the
community controls 50.4% (57/113) were females. The median ages of the case patients and

community controls were 28 years (range: 2 to 102) and 30 years (3 to 98) respectively.
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Figure 15: Distribution of BU by age group for those who developed the disease within the
last 10years
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From the graph of recent infection using 10 years as a cut off point 50% (32/64) of all the new
infections were in children less than 15 years. Fifty one (51) Buruli ulcer patients contracted the

disease more than 10 before the study.
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Figure 16: Distribution of Confirmed Buruli ulcer patients and the Community controls

B BU Cases

Frequency
o
=]

® Community Controls

<10 10--14 15-24 =23
Age(Years)

There was no difference in the age range distribution of the BU case patients and the community
controls. Half of the study participants were 25 years and above. Fourty Percent (25/62) of the
BU case patients who were 25 years and above developed the lesion over 10 years. The ulcers

often do not heal completely.

Table 5 shows that the predominant ethnic group among the case patients was Ewe 50.4%

(57/113) followed by Akan 35.4% (40/113).

Among the community controls the Akan ethnic group dominated followed by Ewe 49.6%

(56/113) and 42.5% (48/113) respectively.
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Table 5: Distribution of cases and community controls

IrEet?pnoiﬁ den%goulo of Case patients ( %) ggrﬂ%ﬂ%) Total (%)
Akan 40 (35.4) 56 (49.5) 96 (42.5)
Ewe 57 (50.4) 48 (42.5) 105 (46.5)
Ga/Adangme 12 (10.6) 7(6.2) 19 (8.4)
Hausa 1(0.9) 0 (0) 1(0.4)
Krobo 1(0.9) 1(0.9) 2 (0.8)
Kyerepon 0 (0) 1(0.9) 1(0.4)
Larteh 1(0.9) 0(0) 1(0.4)
Others 1(0.9) 0(0) 1(0.4)

Table 6: Trend analysis on educational status of cases and community controls for
individuals above 14 years

Educational Status Cases Control OR P-value
No Education 18 5 1.0

Primary/JHS 52 52 0.28 0.0006
Secondary/Tertiary 11 24 0.13

The Chi? for linear trend — 12.08

There was a significant association between level of education and risk of Buruli ulcer.
Individuals with higher education were protected from developing BU as compared to those
without education. Various variables were analysed to assess whether they were associated with

buruli ulcer, below are the summary results tables.
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Table 7: Univariate analysis of selected variables for BU in Eastern Region, Ghana

Characteristic No. (%) of Control No. (%) of Case Univariate P-
Subject (n=113) Subject (n=113) OR (95% CI) Value

Demographic

Ethnic group of the father Akan/Others 56 (49.6) 40 (35.4) 0.56 (0.33-0.95) 0.04*
Ethnic group of the mother 58 (51.3) 41(36.3) 0.54(0.32-0.92) 0.03*
Akan/Others

Education level: secondary or 24 (21.2) 11 (9.7) 0.40 (0.19-0.86) 0.03*

more/primary

Economic level

Expenditure: > than GH¢10/< GH¢10 49 (43.4) 40 (35.4) 0.72 (0.42-1.2)  0.28
Health

BCG Scar: Yes/No 95 (84.1) 86 (76.1) 0.60(0.31-1.2) 0.18

Family history of TB: Yes/No 4 (3.5) 9 (8.0 2.4(0.71-7.9) 0.25

History of TB: Yes/No 2 (1.8) 6 (5.3) 3.1(0.62-15.8) 0.28

History of blood in urine: Yes/No 18 (15.9) 24 (21.2) 1.4 (0.72-2.8) 0.39

*Significant association between the variable and buruli ulcer.

4.2.1 Demographic factors

An association between the ethnic group of the parents of the case patents and the community
controls was assessed and found out that BU was less common in the Akan ethnic group
compared to the other ethnic group. The Akan maternal and paternal ethnic group had univariate
(OR = 0.54, 95% CI = 0.32- 0.92) and (OR = 0.56, 95% CI = 0.33- 0.95) respectively. Buruli

ulcer was less common in individuals who had had higher education thus secondary education
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and opposed to primary or no education (p < 0.001). Educational trend analysis shows increasing

odds for BU with lower educational status.

4.2.2 Economic factors

A disease which was prevalent in poor communities was thought to be associated with the
economic status of the inhabitants. Irrespective of the amount of money spent per months, there
was no difference in the frequency of BU among the subjects who spend more than Gh¢ 10.00

per month or less (OR =0.72, 95% CI =0.42 -1.2).

4.2.3 Health related factors

Bacillus Calmette Guérin (BCG) vaccination was assessed by observing for the presence of a
scar on the left shoulder around the deltoid region, as vaccination cards were difficult to assess
and in some cases they were missing. Even though BCG scars were more frequently observed in
the control group it was not significantly associated with BU (OR= 0.60, 95% CI1=0.31-1.2,p =
0.18). Some of the subjected reported of past history of tuberculosis but this was not significantly
associated with BU (OR=3.1, 95% CI = 0.62 -15.8; p = 0.28) and family history of tuberculosis
was also not significantly associated with BU (OR= 2.4, 95% CI = 0.71- 7.9, p = 0.25).
Questions on blood in the urine to assess for schistosomiasis within the study areas showed that,
there were reported cases of blood in the urine however it was not significantly associated with

BU (OR=1.4,95% CI =0.72 -2.8, p =0.39).
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Table 8: Univariate analysis of environmental variables for BU in Eastern Region, Ghana

Characteristic No. (%) of Control No. (%) of Case Univariate P-
Subject (n=113) Subject (n=113) OR (95% CI) Value

Environment

Mud wall: Yes/No 89 (78.8) 68 (60.2) 0.41 (0.23-0.73) 0.004*
Mud floor: Yes/No 52 (46.0) 42 (37.2) 0.69 (0.41-1.18) 0.22
Presence of Cocoa Plantation in 52 (46.0) 36 (31.9) 0.55 (0.32-0.94) 0.04*

immediate neighborhood: Yes/No

Presence of Coffee Plantation in 3(2.7) 1(0.9) 3.1(0.31-29.8) 0.627
immediate neighborhood: Yes/No

Presence of bush in immediate 84 (74.3) 100 (88.5) 2.7 (1.3-5.4) 0.01*
neighborhood: Yes/No

Presence of wood in immediate 92 (81.4) 97 (85.8) 1.4 (0.68-2.8) 0.47
neighborhood: Yes/No

Presence of wetland : Yes/No 37 (32.7) 87 (77.0) 6.9 (3.8-12.4) <0.001*
Presence of river in the immediate 57 (50.4) 81 (71.7) 2.5(1.4-4.3) 0.002*
neighborhood: Yes/No

Share living space with goat: Yes/No 59 (52.2) 67 (59.3) 1.3(0.79-2.26) 0.35
Share living space with poultry: Yes/No 70 (61.9) 85(75.2) 1.9(0.6-5.8) 0.04*
Share living space with pigs: Yes/No 5(4.4) 9 (8.0) 1.9 (0.6-5.8) 0.41
Share living space with cats :Yes/No 35 (31.0) 52 (46.0) 1.9 (1.1-3.3) 0.03*
Share living space with dogs : Yes/No 49 (43.4) 42 (37.2) 0.77 (0.45-1.3) 0.42
No. of people in HH:<8/>8 45 (39.8) 61 (54.0) 0.75(0.41-14) 044
Drinking water : protected/unprotected 11(9.7) 25(22.1) 2.6(1.2-5.7) 0.02*
water

*Significant association between the environmental variable and buruli ulcer
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4.2.4 Environmental factors

A number of questions on environmental factors were used to assess their association with BU,
the case patients reported less frequently of staying in mud wall house than the community
control (OR=0.41, 95% CI = 0.23 -0.73, p = 0.004) and around cocoa plantation in their
immediate environment (OR=0.55, 95% CI = 0.32 — 0.94, p = 0.04). The case patients were
living near wetland (OR=6.9, 95% CI = 3.8 -12.4, p < 0.001), had river in their immediate
neighborhood (OR=2.5, 95% CI = 1.4 - 4.3, p = 0.002), had bush in their immediate environment
(OR=2.7, 95% CIl= 1.3 - 5.4, p = 0.01) share living space with poultry (OR=1.9, 95% CI = 0.6 -
5.8, p = 0.04), share living space with cats (OR=1.9, 95% CI = 1.1 - 3.3; p=0.03) and drinking
water (OR=2.6, 95% CI = 1.2 - 5.7, p = 0.02). There were no significant difference between case
patients and the community controls with respect to sharing living space with dogs (OR=0.77,
95% CI= 0.45 -1.3, p = 0.42), sharing living space with pigs (OR=1.9, 95% CI = 0.6 -5.8, p =
0.41) number of people in their households (OR=0.75, 95% CIl= 0.41-1.4, p = 0.44), presence of
wood in the immediate environment (OR=1.4, 95% Cl= 0.68-2.8, p = 0.47) and mud floor

(OR=0.69, 95% CI = 0.41-1.18, p=0.22).
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Table 9: Univariate analysis of Behavioural variables for BU in Eastern Region, Ghana

Characteristic No. (%) of Control No. (%) of Case Univariate P-
Subject (n=113) Subject (n=113) OR (95% CI) Value

Insect Bite/Behavior

Insect bite in water/mud Yes/No 7(61.9) 96 (85.0) 3.5(1.8-6.6) <0.001
Use of bed net :Yes/No 77(68.1) 87 (77.0) 1.6 (0.87-2.8) 0.18
Use of mosquito coils: Yes/No 70(61.9) 71 (62.8) 1.0 (0.6-1.8) 1.0

*Significant association between the behavioural/environmental variable and buruli ulcer

4.2.5 Insect bite/behavior

The case-patients reported frequently of insect bite in water or wading in mud than the
community controls (OR=3.5, 95% CI = 1.8 - 6.6, p<0.001). There was no significant association
between the use of bed net and buruli ulcer (OR=1.6, 95% CI = 0.87-2.8, p = 0.18). We also did
not find any significant association between the use of mosquito coils and buruli ulcer (OR=1.0,

95% Cl = 0.6 -1.8, p = 1.0).
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Table 10: Univariate analysis of Water contact activities variables for BU in Eastern
Region, Ghana

Characteristic No. (%) of Control No. (%) of Case Univariate P-
Subject (n=113) Subject (n=113) OR (95% CI) Value

Water contact activities
Wading on the Densu river : Yes/No 34 (30.1) 68 (60.2) 3.5(2.0-6.1) <0.001*
Wading in river or stream: Yes/No 36 (31.9) 46 (40.7) 1.5 (0.85-2.5) 0.2
Washing of clothes: Yes/No 107 (94.7) 103 (91.2) 0.5 (0.2-1.6) 0.44
Fetching of water: Yes/No 70 (61.9) 74 (65.5) 1.2 (0.68-2.0) 0.68
Farming : Yes /NO 93 (82.3) 70 (61.9) 0.35(0.19-0.65) 0.001*
Farming with long sleeves : Yes/No 89 (78.8) 47 (41.6) 0.19 (0.11-0.35) <0.001*
Farming with short sleeves : Yes/No 30 (26.5) 66 (58.4) 3.9 (2.2-6.8) <0.001*
Wearing of long pants to farm: Yes/No 91 (80.5) 60 (53.1) 0.27 (0.15-0.50) <0.001*
Wearing of short pants to farm: Yes/No 25 (22.1) 54 (47.8) 3.2(1.8-5.7) <0.001*
Do you fish: Yes/No 13 (11.5) 16 (14.2) 1.3 (0.58-2.8) 0.7
Fishing in Densu river: Yes/No 8(7.1) 11 (9.7) 1.4 (0.55-3.7) 0.63
Fish with long sleeves: Yes/No 5(4.4) 6 (5.3) 1.2 (0.36-4.1) 1.0
Fish with short sleeves: Yes/No 10 (8.8) 14 (12.4) 1.5(0.62-3.4 0.52
Fish with long pants: Yes/No 8(7.1) 8(7.1) 1.0 (0.36-2.8) 1.0

*Significant association between the water contact activities variable and buruli ulcer

4.2.6 Water contact activities
Wading in the Densu river was more frequent among the case patients than the community

controls and was significantly associated with BU (OR=3.5, 95% CI = 2.0 - 6.1, p < 0.001).
Current farming status was assessed even though all the respondents have had some experience

with farming most of the adults were now involved in sand weaning which has to do with similar
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activities in farming. There was significant association between current farming activity and BU
(OR=0.35, 95% CI = 0.19 - 0.65, p < 0.001) even though current farming was less common

among case-patients than community controls.

Univariate odds ratios of farming with long sleeves (OR=0.19, 95% CI = 0.11 - 0.35, p < 0.001),
long pants (OR=0.27, 95% CI = 0.15 - 0.5, p < 0.001), short sleeves (OR=3.9, 95% CI = 2.2 -
6.8, p < 0.001) and short pants (OR=3.2, 95% CI = 1.8 - 5.7, p < 0.001) among the case-patients
and community controls were significantly associated with BU. Other water related activities
were not significantly related to BU. Even though wading in other rivers or streams, fetching of
water and fishing in Densu river were more frequent among the case-patients than the
community controls, they were not significantly associated with BU. Irrespective of the type of
clothes the subjects wear, they were not associated with BU during fishing. There was no

difference between case-patents and community controls with respect to washing of clothes.
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Table 11: Univariate analysis of Hygiene practices variables for BU in Eastern Region, Ghana

Characteristic No. (%) of Control No. (%) of Case Univariate P-
Subject (n=113) Subject (n=113) OR (95% CI) Value
Immediate treatment for past injuries
Use of soap and water: Yes/No 50 (44.2) 21 (18.6) 0.29 (0.16-0.53) <0.001*
Rubbing the area with alcohol after bite: 49 (43.4) 9 (8.0) 0.11 (0.05-0.25) <0.001*
Yes/No
Use of leaves on injury site : Yes/No 45 (39.8) 74 (65.5) 2.9 (1.7-4.9) <0.001*
Use of adhesive bandage: Yes/No 14 (12.4) 32 (28.3) 2.8 (1.4-5.6) 0.005*
Bath
Bath for hygiene: Yes/No 113 (100) 112 (99.1) 1.0
Bath for hygiene , but not in Densu: 103 (91.2) 97 (85.8) 0.59 (0.26-1.4) 0.3
Yes/No
Bath in Densu for hygiene : Yes/No 19 (16.8) 25 (22.1) 1.4 (0.7-2.7) 0.4
Bath for hygiene, not in open borehole: 103 (91.2) 102 (90.3) 0.9 (0.37-2.2) 1.0
Yes/No
Bath for hygiene in open borehole: 7 (6.2) 21 (18.6) 3.5(1.4-8.5) 0.008*
Yes/No
Swim/dive/playing in water: Yes/No 20(17.7) 32(28.3) 1.8 (0.98-3.5) 0.08
Swimming: Yes/No 28 (24.8) 34 (30.1) 1.3 (0.73-2.3) 0.46
Swimming but not in Densu: Yes/No 14 (12.4) 20 (17.7) 1.5(0.73-3.2) 0.35
Swimming in Densu: Yes/No 16 (14.2) 24 (21.2) 1.6 (0.82-3.3) 0.22

*Significant association between the variable and buruli ulcer.

4.2.7 Treatment when hurt

In order to assess any success with the type of treatment used when the subjects get hurt, the

study took into consideration the use of soap and water (OR=0.29, 95% CI= 0.16 - 0.53, p <

0.001), rubbing the area with alcohol when hurt or after a bite (OR=0.11, 95% CI = 0.05 - 0.25, p

< 0.001), use of leaves on injury site (OR=2.9, 95% Cl= 1.7 - 4.9, p < 0.001) and use of adhesive
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bandage (OR=2.8, 95% CI= 1.4 -5.6, p = 0.005) were all associated with buruli ulcer. Whereas
case-patients more frequently used leaves and adhesive bandage when hurt than the community
controls, the community control reported of frequent use of soap and water and rubbing the area

with alcohol when hurt than case-patients.

4.2.8 Bath

No difference was observed between the frequency of bathing for hygiene among case-patients
and community controls. With the exception of bathing for hygiene in an open borehole thus
using borehole water which was more frequent among case patients than community controls
was significantly associated with BU (OR=3.5, 95% CI = 1.4 - 8.5, p = 0.008). Bathing for
hygiene in Densu river was more common with the case-patients but this was not significantly
associated with BU. Swimming/diving/playing in water in either in Densu river or not were more
frequently observed in the case-patients than the community controls were not significantly

associated with BU.
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4.3 Main Findings

All the variables assessed in the univariate analysis that attained p-value <0.1 were retained for

the multivariate conditional logistic regression and used the backwards elimination procedure.

Table 12: Multivariate backward elimination model of logistic regression for risk factors
for Buruli ulcer disease in Eastern Region, Ghana

CHARACTERISTIC Multivariate OR (95% ClI) P- VALUE
Presence of wetland 3.9(1.9-8.2) <0.001*
Insect bite in water/mud 5.7 (2.5- 13.1) <0.001*
Rubbing the area with alcohol after bite 0.21 (0.008-0.57) 0.002*
Use of adhesive bandage 2.7 (1.1-6.8) 0.035*
Washing in Densu river 2.3 (1.1-4.96) 0.028*
Farming clothes with long sleeves 0.29 (0.14-0.62) 0.001*
House wall built with mud 2.6 (1.1-5.9) 0.022*
Bath for hygiene in open borehole 0.29 (0.86-0.90) 0.033*

*Statistically significant

Bathing for hygiene in open borehole (0.29; 95% CI = 0.86 — 0.90), rubbing the area with
alcohol after bite (0.21; 95% CI = 0.008 — 0.57) and farming with long sleeve clothes (0.29; 95%
Cl1 0.14 — 0.62) were found to be protective factors for BU in the final multivariate model. The
Odds ratio associated with “insect bite in water/mud” was very high (OR=5.7, 95% CI = 2.5 —
13.1). Presence of wetland (OR=3.9, 95% CI = 1.9 — 8.2), use of adhesive bandage (OR=2.7,
95% CI = 1.1 - 6.8), wading in Densu river (OR= 2.3, 95% CI = 1.1 — 4.96) and house wall built

with mud (OR= 2.6, 95% CI = 1.1 — 5.9) were risk factors associated with BU.

90



CHAPTER FIVE - DISCUSSIONS

This is the single study that has mapped out all active cases of Buruli ulcer in communities from
the source of the Densu river along its entire course till it ends in the Weija Dam over a period of
18 months. Though not the first active case search for Buruli ulcer in Ghana (Amofah et al.,
2002), the unique nature of the planning, involvement of all stakeholders and linking the patients
identified into care makes this study unique in the country. The other important feature of the
study is the use of two approaches to arrive at a conclusion which will inch us towards
understanding the spatial distribution and the prevailing risk factors in the study area. Again, the
first part of the work was a descriptive study which helped us in generating the hypothesis we
tested with the case-control (analytical) part of the study. The entire study looked at the
distribution of the Buruli ulcer cases within the communities along the Densu river and the

characteristics of the individuals who develop the disease.

The first hypothesis “There is no difference in the distribution of Buruli ulcer in the
communities along the Densu river” was clearly refuted with the mapping of the cases shown by
figures 10, 11 and 12. Other studies have also shown varying distribution of buruli ulcer(Duker,
2005). A similar approach has been used by other researchers to show where interventions are
needed most (Saxena et al., 2010; Chang et al., 2009; Blanton et al., 2006 Corresponding et al.,
2005). In Koraput district in Orissa- India, a GIS based study was carried out for identification of
risk factors based on ecological parameters for decision support in formulation of appropriate
control strategies for malaria (Daash et al., 2009). Srivastava et al. (2009) used the same

approach to identify malaria hot spots for focused intervention in tribal state of India. The study
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concluded that GIS mapping would make it easy to update information, identify hot spots at
community levels within a district and this information can be graphically presented to policy

makers to formulate focused and cost effective malaria control strategy (Srivastava et al., 2009).

During the community active case search it was observed that from the origin of the Densu river,
the river was very clear and could observe fishes swimming. Interestingly, in that entire area, no
active case of Buruli ulcer was identified. The river served as the source of drinking water for the
communities in that area. Though, the water was not tested for its quality, the Chief of the
community said scientific work had been done and they were informed that it was safe for
drinking. Active cases were found in the regions where the turbidity of the water had changed
along the course of the river. These were areas where soil degradation has occurred, sand
winning activities were ongoing, most of the trees in the area had been were cut down and the
river was not clear. Pictures of the differences in the turbidity of the river are attached in
appendix. Previous studies had found an association between aquatic ecosystem and Buruli ulcer
(Debacker et al., 2006; Merritt et al., 2005; Marsollier et al., 2003; Portaels et al., 1999) but none
of those studies made reference to any specific characteristics of the water associated with Buruli
ulcer. Perhaps, the turbidity of the water helps in the growth of Mycobacterium ulcerans and that
explains why individuals from this point of the river were found to have the active disease. Since
the turbidity of water bodies are associated with increased sedimentation and euthrophication
which are known to have low dissolved oxygen concentration that may enhance the growth of M.

ulcerans (Merritt et al., 2010; Palomino and Portaels, 1998).
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In Figure 11, a buffer of 500 meters and 1000meters around the location of the cases was
created. Most of the cases were in close proximity with water bodies as was demonstrated by
Aiga et al. (2004). However, a large scale landscape-based model for predicting Mycobacterium
ulcerans infection (Buruli ulcer Disease) presence in Benin found no association between
percent of water land cover surrounding villages and the distance to the nearest river were not
associated with increased probability of Buruli ulcer presence at the village level (Wagner et al.,
2008). The challenge with such a large scale study is its inability to have fine resolutions and
therefore the study did not take into account water body types e.g. pond, wetland but only major

rivers. In this study all water bodies were considered.

This study demonstrated clustering of Buruli ulcer cases in Akuapem South District with Z-score
> 2.58 which shows statistically significant hot spot for Buruli ulcer. Of the four districts where
the study was performed the hottest spot was Akuapem South, followed by Ga west then Suhum
Kraboa Coaltar and the least was Ga South. The prevalence of Buruli ulcer for each district and
risk level is on figure 13. Though Ga West has been the district with the largest burden of Buruli
ulcer over the years, this study has shown that the various interventions put in place in that
district have been effective. This was especially evident in one of the reported highly endemic
communities, Kojo Ashong, which had the lowest number of active Buruli ulcer cases. On the
other hand areas like Akuapem South and Suhum Kraboa Koaltar which were not known to be
endemic with Buruli ulcer are now becoming the hot spots requiring urgent attention. This brings
to light how GIS can help policy makers pictorially identify problem areas in order to channel

resources more effectively and use it efficiently in disease control and prevention.
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The second hypothesis tested was “There is no difference in the characteristics of people who
contract Buruli ulcer and those who do not”. For this a case-control study with community based
controls was performed. The study design could not investigate the effect of age and sex as risk
factors for Buruli ulcer since the cases and the controls were matched by age and sex. Only
(28.3%) 32 out of the 113 case patients were less than 15 years. Though most studies reported
the disease in children less than 15 years (Pouillot et al., 2007; Phanzu et al., 2006; Wansbrough-
Jones and Phillips, 2006; Aiga et al., 2004; Debacker et al., 2004; Asiedu and Etuaful, 1998), the
finding here was similar to what was reported in Togo and Australia (Johnson, Azuolas, et al.,
2007; Quek et al., 2007 James et al., 2003; Veitch et al., 1997). Most of the case-patients
identified in this study were more than fifteen years because they have been living with the
disease for many years. Often they treat the ulcers with herbal medications and bandage them as
they go about their regular activities. However, a sub-analysis of individuals who contracted the
disease for less than ten years indicate that 50% (32/62) of the cases were less than 15 years
which was similar to finding in most studies (Pouillot et al., 2007a; Phanzu et al., 2006;
Wansbrough-Jones and Phillips, 2006; Aiga et al., 2004b; Debacker et al., 2004a; Asiedu and
Etuaful, 1998). Eighty four percent (95/113) of the cases presented with ulcers which implies
that most of the cases present late or were diagnosed late probably due to other factors identified
by Grietens et al. (2008) such as transportation costs, feeding costs and productivity loss

(Ackumey et al., 2011; Peeters Grietens et al., 2008).

It was found that 67.9% (76/113) of the case patients had the lesion on their legs (Pouillot et al.,

2007; Noeske et al., 2004; Marston et al., 1995; van der Werf et al., 1989; The, 1971) but no
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preference to either the right or the left side of the body. However, Van der Werf et al. (1989),
reported that the left leg was more frequently affected than the right, a finding which other

studies did not confirm(Hospers et al., 2005; Noeske et al., 2004)

The association between the ethnic group of the parents of the cases and the community controls
was assessed and this showed that BU was less common in the Akan ethnic group compared to
the other ethnic groups. This was done to find out if any ethnic group had any predisposition for
Buruli ulcer or genetic link to Buruli ulcer. The univariate (OR= 0.54, 95% CI = 0.32- 0.92) for
maternal Akan ethnic group and (OR = 0.56, 95% CI = 0.33- 0.95) for paternal Akan group were
found to be protective against Buruli ulcer but were all not significant in the multivariate
analysis. This finding could probable be due to the activities they engage in. Most of the Akan’s
in the communities do petty trading rather than sand winning or farming. No genetic relationship
was studied in this research though Sopoh et al. (2010) in their study in Benin concluded that a
combination of genetic factors and behavioural factors may increase the susceptibility for
developing Buruli ulcer(Sopoh et al., 2010). This was the first study to show the existence of
family associations with Buruli ulcer but previous studies did not find any statistically significant

association (Nackers et al., 2007 Raghunathan et al., 2005; Marston et al., 1995).

Analysis for educational status and Buruli ulcer was only done for individuals above fourteen
years since children were not expected to have attained higher level of education. A low level of
education was associated with Buruli ulcer in the univariate analysis however it was not

significant finding in the multivariate analysis. Though Pouillot et al. (2007) in their large scale
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case control study in Cameroon found low level of education as a significant risk factor for
Buruli ulcer, this effect was observed only from the teenagers and adults records (Pouillot et al.,
2007). As expected with higher level of education, individuals become health conscious, able to
take good care of themselves and take health education issues more seriously. However,
individuals with low level or no education may not be able to read most of the educational

materials available and may not become health conscious as educated individuals.

The main socio-economic factor assessed in this study was the amount of money spent per
month. This form of assessment has a lot of challenges since it assumes individuals economic
prowess was linked to income generation and subsequent expenditure. It did not factor in
individuals who may not spend money but rather receive income from farm proceeds and feed on
their farm products. With a disease which was prevalent in poor communities, it was thought to
be associated with the economic status of the inhabitants. Socioeconomic status in a rural
African setting may be related to land ownership, household size, livestock ownership and
duration of residence but such details were not assessed in this study. However it was shown that
the amount of money spent per month as a measure of socio-economic status, had no association
with Buruli ulcer, which was similar to other studies by Pouillot et al. (2007) and Raghunathan et
al. (2005). Asiedu et al. (1998) in their study were able to link Buruli ulcer with low socio-

economic status, poverty and living in remote areas (Asiedu and Etuaful, 1998).

The protective role of Bacillus Calmette Guérin (BCG) vaccination was assessed in this study by

observing for the presence of a scar on the left shoulder around the deltoid region or its
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documentation in the vaccination cards. Though protective with (OR=0.60, 95% CI = 0.31-1.2, p
= 0.18), it was not significantly associated with Buruli ulcer, similar to previous reports (Pouillot
et al., 2007; Quek et al., 2007; Debacker et al., 2006; Nackers et al., 2006; Raghunathan et al.,
2005 Amofah et al., 1993). The strains of M. ulcerans and host immune response were not
studied here but Converse et al. (2011) in their BCG-mediated protection against M. ulcerans
infection concluded that vaccination with BCG may protect some hosts more effectively than
others(Converse et al., 2011). In addition, the protection may depend on the strain of M. ulcerans
prevalent in a given community but our study did not assess that. Furthermore, a sub-analysis of
the of cases that had developed bone infection as a result of the Buruli ulcer was not performed
because of there was only one case that the disease had involved the bone hence it was not
possible to determined if there is any conferred protection by BCG vaccination in that sub group.
However, Portaels and colleagues in their Mycobacterium bovis BCG vaccination as
prophylaxis against Mycobacterium ulcerans osteomyelitis in Buruli ulcer disease study reported

some protection against osteomyelitis (Portaels et al., 2004, 2002).

This study showed no significant association of past history of tuberculosis and Buruli ulceran
infection as reported by Pouillot et al. (2007). It however confirmed what Pouillot et al. (2007)
found about the fact that there was no significant association between presence of blood in the

urine and Buruli ulcer.

In assessing environmental factors associated with Buruli ulcer, it was observed that staying in

mud house offered protection compared to those who were staying in houses made of wood etc.
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However, this finding was not significant in the multivariate analysis. During the study it was
observed that most of the individuals staying in mud houses had their kitchens attached to the
main building. Probably the heat generated from the cooking may not allow any viable M.
ulcerans to thrive. This finding about staying in a mud wall house was similar to what was

reported by Pouillot et al. (2007).

Having a cocoa plantation in the immediate environment was related to reduced risk of Buruli
ulcer infection. This was contrary to what Pouillot et al. (2007) found. In my interaction with the
respondents, it was clear that government supports spraying of cocoa farms and perhaps the
insecticides that are sprayed create an unfavourable environment for M. ulcerans to thrive.
Though increased level of risk for Buruli ulcer was identified for presence of wood in the
immediate neighborhood, it was not statistically significant. Similarly, Pouillot et al.(2007)
found presence of wood in the immediate environment as a risk factor for Buruli ulcer in the
univariate analysis but not statistically significant in the multivariate analysis. The presence of
bushes around the immediate environment was found to have a relationship with development of
Buruli ulcer in the univariate analysis of this study but no significant relationship in the
multivariate analysis which confirmed earlier studies (Pouillot et al., 2007; Raghunathan et al.,

2005).
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The study confirmed that individuals living near wetland have increased risk of Buruli ulcer as
reported in earlier studies (Wagner et al., 2008; Walsh et al., 2008; Debacker et al., 2006; Duker

et al., 2006 Noeske et al., 2004; Marston et al., 1995)

Pouillot et al. (2007) reported of increased risk of Buruli ulcer when individuals share living
space with some livestocks in their univariate analysis but not significant in their multivariate
analysis. Findings from this study revealed a similar trend, the results showed an increased risk
in the univariate analysis for sharing living space with poultry and cats but not in the multivariate
analysis. However, no significant relationship was found between developing Buruli ulcer and
sharing living space with dogs, goat and pigs. This study did not compare risk level with respect
to sharing indoor living space with livestock with handling or owning livestock. In a reported
study on risk level comparison revealed some form of protection when sharing indoor living

space with livestock, compared with handling or owning livestock.

Previous studies on the effect of protected water like water sources from wells and pipe borne
water on Buruli ulcer found an association (Nackers et al., 2007; Debacker et al., 2006; Barker
and Carswell, 1973) but in this multivariate analysis there was no association similar to other
studies (Pouillot et al., 2007; Raghunathan et al., 2005 Aiga et al., 2004; Amofah et al., 1993a).
However the univariate analysis revealed that individuals using protected water were rather at a
higher risk, which was quite surprising. Working visit to the water treatment centre which

supplied pipe borne water to less that 50% of the population revealed that the supply of treated
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water supply was erratic and not reliable. Probably these individuals though were supposed to
use pipe borne water might have used other sources of water. The study assessment solely looked
at the primary source of drinking water and did not consider details on their alternate source.
Furthermore, the study cannot ascertain the level of protection of these sources of water since the
study did not carry out any biochemical studies on the various sources of water classified under
protected and unprotected. In a sub-analysis for only individuals who used pipe borne water,
there was no association with its use and Burui ulcer contrary to other studies reporting

decreased risk (Wagpner et al., 2008; Debacker et al., 2006)

The case-patients reported frequently of insect bite in water or wading in mud than the
community controls which was statistically significant as reported by other studies (Pouillot et
al., 2007; Quek et al., 2007). Like in all case control studies cases were more likely to recall any
incidence of insect bite either by mosquito or insect while wading in water. In assessing this part

in our study, neither prompting nor follow —up questions were asked.

There was no significant association between the use of bed net and Buruli ulcer which
confirmed Raghunathan’s finding but was contrary to other studies (Nackers et al., 2007;
Pouillot et al., 2007; Quek et al., 2007). As part of the national malaria control strategies, free
insecticide impregnated nets are distributed throughout the country however some individuals do
not sleep under the net and thus do not enjoy or offer protection against mosquito bites. This
explains the high proportion of the bed net used. The study failed to ascertain the type of net that
the individuals were using since they are other bed nets which are not insecticide treated, these

nets cannot offer protection the same as insecticide treated nets have been proven to offer.
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There was no evidence of association between the use of mosquito coils and Buruli ulcer which
confirmed what had been reported earlier by other researchers (Pouillot et al., 2007;

Raghunathan et al., 2005).

From the analysis on the type of treatment undertaken when hurt, it was clear that management
of injury plays a significant role in developing Buruli ulcer. One of the current hypothesis is that
the organism enters into the body through a broken skin, therefore an appropriate initial
treatment when injured can offer protection against development of Buruli ulcer. In this study
individuals who wash the injured area with soap and water when hurt immediately were
protected from Buruli ulcer in the univariate analysis but not in the multivariate analysis. This
protection could be linked to the fact that washing the area with soap and water may immediately
wash away the M. ulcerans organism that has possibly been introduced into the injured site. This

finding was contrary to what was reported by Pouillot et al. (2007) in their study.

Similarly rubbing the area with alcohol when hurt or after a bite significantly protected them
from Buruli ulcer. In order to be sure if indeed it was alcohol that they used to clean the wound
when hurt, we asked for exhibits and all those who were using alcohol produced the locally
prepared alcohol called “Akpeteshie”. The plausible explanation could be the percentage of
alcohol used will kill most bacteria that may have been introduced into the injured site and hence

prevent them from causing disease.
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Locally, the use of certain leaves (“Acheampong”) known in the local area as one of the local
herbs for treatment of acute injuries is common. The univariate analysis shows that, this form of
treatment rather increases the risk of Buruli ulcer. Typically, the leaves were ground and the
paste used to dress the injured site or the fluid from the paste was squeezed and used to clean the
injured site. Since we cannot ascertain whether the leaves are washed before grinding and not
sure about the active ingredients in the leaves, it becomes difficult to determine if it has any
effect on M.ulcerans when introduced into the site of injury. In assessing the use of adhesive
bandage when injured, it was observed that adhesive bandage use when an individual is hurt
increases the odds of developing Buruli ulcer. Most of the adhesive bandages being used by the
respondents were very old and dirty. Such old and dirty adhesive bandages do not have any
antiseptic agent in them and when used cannot protect against Buruli ulcer. Also because some
of the case patients were living with the disease for many years, exiting cases were more likely to

use adhesive bandage to dress their wounds.

Wading in the Densu river was more frequent among the case patients than the community
controls and was significantly associated with Buruli ulcer in the univariate analysis similar to

other studies (Pouillot et al., 2007; Raghunathan et al., 2005).

Swimming was not found to be associated with Buruli ulcer in this study which confirms earlier
study by Marston et al. (1995). In 2004, Aiga and colleagues found swimming to be a risk in a

case control study carried out in Ghana.

102



| assessed fishing as a possible risk factor for Buruli ulcer and found out that it was not a risk
factor in this study contrary to other studies (Pouillot et al., 2007b; Raghunathan et al., 2005;
Marston et al., 1995). The type of fishing undertaken in these areas has little or no contact with
water. They either use hook or small nets that were placed at the bank of the river. However, the
study assessed whether the type of clothes that the subjects wear (long pants, short pants, long
sleeves and short sleeves) had any relationship with Buruli ulcer during fishing. The negative
finding in the study was similarly reported by other studies (Pouillot et al., 2007; Raghunathan

et al., 2005; Marston et al., 1995).

The study looked at the current farming status of adult respondents and noticed that almost all of
them have had some experience with farming but some of them were involved in sand winning
which had to do with similar activities as farming. There was a significant association between
current farming activity and BU. Similar to what has been reported in other studies, individuals
who farm with long sleeves and long pants were protected against Buruli ulcer (Pouillot et al.,
2007; Raghunathan et al., 2005; Marston et al., 1995). In addition, wearing of short sleeves and

short pants were significantly associated with increased risk of Buruli ulcer.

Fetching of water in the Densu river was more frequent among case-patients than the community
controls but there was no significant association with Buruli ulcer. The frequency of Densu river

contact and occurrence of Buruli ulcer was not assessed in this study since it was difficult to
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assess objectively but Sopoh et al. (2010) reported that daily contact with a natural water source

was a risk factor for Buruli ulcer.

In terms of personal hygiene there was no difference between the frequency of bathing for
hygiene among case-patients and community controls. It is known that daily washing with soap
reduces the risk of Buruli ulcer as bacterial contamination of skin surfaces may facilitate M.
ulcerans infection. The use of soap and water for washing was found to be associated with a
decreased risk of M. ulcerans infection (Nackers et al., 2007; Raghunathan et al., 2005). Though
this study did not assess the various types of soaps used, Raghunathan et al. (2005) reported that
the regular use of toilet soap (i.e., wrapped bar soap) while bathing reduces the risk of Buruli
ulcer (Nackers et al., 2007; Raghunathan et al., 2005). However, no protective association was
observed among those who used less costly mass-produced Key soap or homemade amonkye
soap (Raghunathan et al., 2005). Further analysis of the source of the water used for bathing for
hygiene revealed that use of water from an open borehole increases the risk of Buruli ulcer than
that from the Densu river but the increased risk with the use of the Densu river was not

statistically significant.

There was no difference between case-patents and community controls with respect to washing
of clothes in this study however washing of clothes was found to protect against M. ulcerans

infection (Marston et al., 1995; Pouillot et al., 2007a).
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CHAPTER SIX - CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
The goal of the study was to determine the risk profile of Buruli ulcer and show the spatial

distribution of the disease in the communities along the Densu river. The GPS maps generated
clearly show where the cases are coming from, the clustering nature of the disease and the risk
level per population of the districts. In addition, this study has clearly shown that Buruli ulcers
cases were not present upstream of the Densu river but rather were only seen from the point

where the river was turbidity and contaminated.

Findings in this study are consistent with the existing hypotheses of M. ulcerans transmission i.e.
insect bites and /or contamination following or accompanying trauma. The study identified that
the various forms of treatment carried out after trauma strongly support the hypothesis of
contamination of trauma site. This study confirms that the presence of wetland, insect bite in
water/mud, use of adhesive bandage when hurt, washing in Densu river and wall of house built
with mud are risk factors for Buruli ulcer whereas rubbing the injured area with alcohol, farming
with long sleeves and bath for hygiene with open borehole water were identified as protective

factors.

Most of the cases were found to have active ulcer supporting the fact that there is still late case
detection which may be due to weakness in the existing surveillance system or inadequate health

education with emphasis on early case detection, effectiveness of treatment with antibiotics to
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reduce sequalae and the identified risk factors of Buruli ulcer. Public health messages about
these risk factors can be added to the existing knowledge in the population and will help guide

public health strategy to reduce the burden of Buruli ulcer.

6.2 Recommendations
In view of the findings from the study | recommend the following:
1. National Buruli Ulcer Control Programme in collaboration with the Buruli Ulcer endemic
District Assemblies should support health workers and the Community Based Volunteers

to undertake regular active case search

2. National Buruli Ulcer Control Programme and the various District Health Management
Teams should embark on regular training of Community Based Volunteers on the Buruli

ulcer and risk factors

3. National Buruli Ulcer Control Programme should incorporate these findings into

educational materials on prevention of BU in endemic communities

4. District assemblies in the endemic communities should ensure that the Densu river is not
polluted by individuals living close to it by providing residents with water and sanitation
facilities
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5. Research institutions undertaking research in Buruli ulcer should also focus on water and

the genetic aspects of Buruli ulcer
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APPENDICES

Appendix A — Distribution of Buruli ulcer lesions

Figure 17: Graph showing the distribution of Buruli ulcer lesion forms as first seen by
patient and at diagnosis during the active case search
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Appendix —B Study Materials

CONSENT FORM

DEVELOPMENT OF RISK PROFILE FOR TRANSMISSION OF MYCOBACTERIUM
ULCERANS IN SUHUM-KRABOA-COALTAR AND AKUAPEM SOUTH DISTRICTS
OF EASTERN REGION, GHANA

Principal Investigator: Ernest Kenu
Address: DEPARTMENT OF EPIDEMIOLOGY AND DISEASE CONTROL
SCHOOL OF PUBLIC HEALTH,
UNIVERSITY OF GHANA
P.0.BOX LG13

LEGON-ACCRA

Introduction

This Consent Form contains information about the research named above. In order to be sure that
you are informed about being in this research, we are asking you to read (or have read to you)
this Consent Form. You will also be asked to sign it (or make your mark in front of a witness).
We will give you a copy of this form. This consent form might contain some words that are

unfamiliar to you. Please ask us to explain anything you may not understand.

Reason for the Research
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The reason for the research is to find out the distribution of the Buruli ulcer disease within
communities in Suhum-Kraboa-Coaltar and Akwapem South districts and find out possible

things that put people at risk of developing the disease.

General Information about Research

Buruli ulcer disease (BU) is a skin disease caused by Mycobacterium ulcerans. The disease can
present as a swelling on the skin or an ulcer. Ghana is one of the countries in the West-Africa
that buruli ulcer affects. Amongst the districts, Suhum-Kraboa-Coltar and Akuapem South are

also affected. Unfortunately the exact way of getting the disease is not known.

Your Part in the Research

You/ward involvement will require that you/ward answer certain questions on demography (age,
sex, place of residence etc), environment /Household factors (type of house you stay in, type of
floor, source of drinking water etc), Heath (BCG scar, Past history of tuberculosis) and we will
also mark where you/ward stay with a machine called Geographic positioning system (GPS), this
will help us find possible things that make people get the disease. This will take approximately

25 minutes.

If you agree to be in the research, you will be required to answer those questions. About 100

people will participate in the research at this site.

Possible Risks

There is no risk in participating in this research.

Possible Benefits
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This research will bring benefit to the community by helping the National buruli ulcer control
programme to target communities that are severely affected with needed intervention and also

prevent possible risk factors where possible.

If You Decide Not to Be in the Research

You are free to decide if you want to be in this research.

Confidentiality

We will protect information about you and your taking part in this research to the best of our
ability. You will not be named in any reports. However, the members of our research team may
sometimes look at your research records. A court of law could order medical records shown to

other people, but that is unlikely.

Compensation

You will not be paid, since you do not have to take part in this research.

Alternatives to Participation

You do not have to participate in the research in order to receive care.

Leaving the Research

You may leave the research at any time. If you choose to take part, you can change your mind at

any time and withdraw.

Please call Ernest Kenu (phone 0244592122) or Dr Adanu on 0244238556 or Prof Binka
0208131031
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VOLUNTEER AGREEMENT

The above document describing the benefits, risks and procedures for the research on
“DEVELOPMENT OF RISK PROFILE FOR TRANSMISSION OF MYCOBACTERIUM
ULCERANS IN SUHUM-KRABOA-COALTAR AND AKUAPEM SOUTH DISTRICTS OF
EASTERN REGION, GHANA” has been read and explained to me. I have been given an
opportunity to have any questions about the research answered to my satisfaction. | agree to

participate as a volunteer.

Date Signature or mark of volunteer
If volunteers cannot read the form themselves, a witness must sign here:

| was present while the benefits, risks and procedures were read to the volunteer. All questions
were answered and the volunteer has agreed to take part in the research.

Date Signature of Witness

| certify that the nature and purpose, the potential benefits, and possible risks associated with
participating in this research have been explained to the above individual.

Date Signature of Person Who Obtained Consent
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Appendix -C QUESTIONNAIRES

QUESTIONNAIARS FOR DEVELOPMENT OF RISK PROFILE FOR TRANSMISSION
OF MYCOBACTERIUM ULCERANS IN SUHUM-KRABOA-COALTAR AND
AKUAPEM SOUTH DISTRICTS OF EASTERN REGION, GHANA.

Form number
MFORMNUM I:I:I:I
Q.N? | Questions and filters | Answers Codes | Skips | FIELDS
1. _[ID L L[] ID
2. Date of interview L [ | [ | | DINT
3. Do you have BU? Yes 1 BUD
No 2 >>7
4. Has the BU been Yes 1 CON
confirmed No 2
5. What form was the Papule 1 LES
first lesion? Nodule 2
Plaque 3
Edema 4
Active Ulcers 5
5b. | What form is the Papule 1
lesion now? Nodule 2
Plaque 3
Edema 4
Active Ulcers 5
6. Which part of the Leg 1 LOC
body is the lesion Arm 2
located? Trunk 3
Head 4
Distal 5
Proximal/Trunk/Head ) 6
Right side 7
Left side 8
7. How old are you? ( AGEC
Age in years)
8. Gender Male 1 SEX
Female 2
9. What is the ethnic Ga/Adangme 1 ETHF
group of your father? | Ewe 2
Akan 3
Others 4
10. | What is the ethnic Ga/Adangme 1 ETHM
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group of your Ewe 2
mother? Akan 3
Others 4
11. | What is your No Education 1 EDUC
educational level? Primary 2
Secondary 3
Tertiary 4
12. | What is your marital | Married 1 MAR
status? Not married 2
13. | How much money do | Gh¢.................... per month HHS
you spend in this
household per
month?
HEALTH
14. | Doyou have a BCG | Yes 1 BCG
scar? Look on the left | No 2
shoulder.
15. | Have you had Yes 1 HTB
tuberculosis before? | No 2
16. | Do you have a family | Yes 1 FHTB
history of No 2
tuberculosis?
17. | Have you ever had Yes 1 BLD
blood in urine No 2
before?
HOUSEHOLD / ENVIRONMENT
18. | Is the wall of your Yes 1 WAL
house made of Mud? | No 2
19. | Is the floor of your Yes 1 FLO
house made of Mud? | No 2
20. | How many people HHN
are in your
household?
21. Do you have Cocoa | Yes 1 COA
plantation in your No 2
immediate
neighborhood?
22. | Do you have Coffee | Yes 1 COF
plantation in your No 2
immediate
neighborhood?
23. | Doyou have bushin | Yes 1 BUS
your immediate No 2
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neighborhood?

24. | Do you have woods | Yes 1 WOD
in your immediate No 2
neighborhood?
25. | Do you have a Yes 1 SWP
wetland (Swamp) No 2
that is an area of
land, usually fairly
large, that is always
wet and is overgrown
with various shrubs
and trees in your
immediate
neighborhood?
26. | Do you have riverin | Yes 1 RIV
your immediate No 2
neighborhood?
27. | Do you Share living | Yes 1 GOT
space (that is staying | No 2
under the same roof)
with goats?
28. | Do you Share living | Yes 1 POU
space, (that is staying | No 2
under the same roof)
with poultry?
29. | Do you Share living | Yes 1 PIG
space, (that is staying | No 2
under the same roof)
with pigs?
30. | Do you Share living | Yes 1 CAT
space, (that is staying | No 2
under the same roof)
with cats?
31. | Doyou Share living | Yes 1 DOG
space, (that is staying | No 2
under the same roof)
with dogs?
32. | What is your primary | River or stream 1 DRK
source of drinking Borehole 2
water? Pipe borne 3
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INSECT BITES/BEHAVIOR

33. | Have you received Yes 1 BIT
insect bite in No 2
water/mud?
34. | Do you use bed nets? | Yes 1 NET
No 2
35. Do you Use mosquito | Yes 1 COIL
coils? No 2
TREATMENT WHEN HURT
36. Do you use Soap and | Yes 1 SOAP
water? No 2
37. | Doyou Rub the area | Yes 1 ACH
with alcohol after a No 2
bite?
38. | Do you use Leaves Yes 1 LEAV
on the site of injury? | No 2
39. | Do you use adhesive | Yes 1 BAN
bandage when you No 2
get hurt?
ACTIVITIES
40. | DoyouWadeinthe | Yes 1 DEN
Densu river? No 2
41. | Doyou Wade in a Yes 1 WRIV
river or stream? No 2
42. | Do you Wash your Yes 1 WAS
clothes? No 2
43. | Do you Fetch water? | Yes 1 FET
No 2
44, Do you Farm? Yes 1 FARM
No 2
45. | Do you Farm and Yes 1 WEAR
wear long upper body | No 2
clothing/shirt?
46. | Do you Farm and Yes 1 WSHT
wear short upper No 2
body clothing/shirt?
47. | Do you Farm and Yes 1 WLOG
wear long No 2
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pants/dress?

48. | Do you Farm and Yes 1 FWSHT
wear short No 2
pants/dress?

49. | Do you Fish? Yes 1 FISH

No 2

50. | Do you Fish, butnot | Yes 1 NDEN
in the Densu river? No 2

51. | Do you Fish in the Yes 1 INDEN
Densu river? No 2

52. | Do you Fish with Yes 1 FLCTH
long upper body No 2
clothing?

53. | Do you Fish with Yes 1 FSHTC
short/no upper body | No 2
clothing?

54. | Do you Fish with Yes 1 FLLC
long lower body No 2
clothing?

55. | Do you fish with Yes 1 FSLC
short/no lower body | No 2
clothing?

BATH (HYGIENE)

56. | Do you have your Yes 1 BATH
bath for hygiene? No 2

57. | Do you have your Yes 1 BAH
bath for hygiene, but | No 2
not in the Densu
river?

58. | Do you have your Yes 1 BATD
bath for hygiene in No 2
the Densu river?

59. Do you have your Yes 1 BNBH
bath for hygiene, but | No 2
not in open borehole?

60. | Do you have your Yes 1 BOBH
bath for hygiene in No 2
open borehole?

61. Do you Yes 1 SIW
Swim/dive/play in No 2
water?

62. | Do you Swim? Yes 1 SWIM

No 2
63. | Do you Swim, but Yes 1 SWND
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not in the Densu No
river?

64. Do you Swim inthe | Yes SWID
Densu river? No
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SCHOOL OF PUBLIC HEALTH
COLLEGE OF HEALTH SCIENCES

UNIVERSITY OF GHANA

Phone: +233-21-517500/028-9109008

020 - 8131031

Fax: +233-21-517501 (§ ¥ ¢

Cable: UNIVGhana

E-mail: afariea@yahoo.co.uk

The Chairman

Institutional Review Board

Noguchi Memorial Institute for Medical Research
P.O.Box LG 581

Legon

Dear Sir,

P O Box LG13

Legon-Accra

February 22, 2010

REQUEST FOR ETHICAL APPROVAL OF PHD PROPOSAL — ERNEST KENU

I wish to submit the proposal of the above-mentioned, who is a PhD student of the School of Public

Health, University of Ghana, for ethical review.

The title of his proposal is “Development of Risk Profile for Transmission of Mycobacterium Ulcerans in
Suhum-Kraboa-Coaltar and Akuapem South Districts of Eastern Region, Ghana”

It will be appreciated if the Ethical Review Board will expedite review of the proposal and forward the

comments to the School of Public Health.

Thank you for your usual cooperation.

Yours faithfully,

Prof. E. A Afari

Head of Department, Disease Control and Epidemiology
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SCHOOL OF PUBLIC HEALTH
COLLEGE OF HEALTH SCIENCES
UNIVERSITY OF GHANA

Phone: +233-21-517500/028-9109008

020 - 8131031 P O Box LG13

Fax: +233-21-517501 (§ ¥ ¢ Legon-Accra

Cable: UNIVGhana
E-mail: afariea@yahoo.co.uk e

The Chairman

February 22, 2010

Ethical Review Board
Ghana Health Service
Accra

Dear Sir,

REQUEST FOR ETHICAL APPROVAL OF PHD PROPOSAL — ERNEST KENU

I wish to submit the proposal of the above-mentioned, who is a PhD student of the School of Public
Health, University of Ghana, for ethical review.

The title of his proposal is “Development of Risk Profile for Transmission of Mycobacterium Ulcerans in
Suhum-Kraboa-Coaltar and Akuapem South Districts of Eastern Region, Ghana”

It will be appreciated if the Ethical Review Board will expedite review of the proposal and forward the
comments to the School of Public Health.

Thank you for your usual cooperation.

Yours faithfully,

Prof. E. A Afari

Head of Department, Disease Control and Epidemiology
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NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL

RESEARCH
Established 1979 A Constituent of the College of Health Sciences

University of Ghana

Phone: +233-21-501180/513202

(Direct)+233-21-501178/9 (S/board) Em NMIMR-IRB
Fax: +233-21-502182/513202 P. 0. Box LG 581
, Legon, Accra
Ghana

My Reference: DF 22

3/3/2010

Ernest Kenu MBChB, MPH,
Department of Epidemiology and Disease Control, SPH
P.O.Box LG 13
Legon, Accra

RE: Our Study #042/09-10 At: NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL
RESEARCH-IRB

Dear Ernest Kenu:

Meeting Date: 3/3/2010 At: NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL
RESEARCH-IRB

Protocol Title:

Development of Risk Profile for Transmission of Mycobacterium Ulcerans in Akuapim South and
Suhum-Kraboa-Coaltar Districts of Eastern Region, Ghana
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This is to advise you that the above referenced Study has been presented to the Institutional Review
Board, and the following action taken subject to the conditions and explanation

provided below.

Internal #: New Appl

Expiration Date: 3/2/2011

On Agenda For: Initial Submission

Reason 1: Reason 2:
Description: Date Received- 2/16/2010

IRB ACTION:  Approved

Condition 1:

Action

Explanation: The study was approved but the consent form should be simplified

Yours Sincerely,

Helena Baidoo
Deputy IRB Administrator

NMIMR-IRB
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School of Public Health
College of Health Sciences
University of Ghana
Legon

P.0.Box LG13

2" April 2010

The Chairman,

NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH-IRB

Dear Sir/Madam,

CORRECTIONS ON PHD PROPOSAL SUBMITTED TO NMIMR-IRB

Reference to your letter on the PhD protocol entitled Development of Risk Profile for
Transmission of Mycobacterium Ulcerans in Akuapim South and Suhum-Kraboa-Coaltar
Districts of Eastern Region, Ghana.

The action taken by the IRB was that the protocol was approved but the consent form needs to be
simplified. The simplified consent form has been done and can be found on pages 23 to 25 of the
study protocol.

Thank you

Yours Faithfully,

Ernest Kenu

PhD Student
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NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH
INSTITUTIONAL REVIEW BOARD

(UNIVERSITY OF GHANA)
Phone: +(233) 21 500374 /501178 m ~ P.O. Box LG581
Fax: +(233) 21 502182 Legon
Email: Director@noguchi.mimcom.org Ghana
Telex No: 2556 UGL GH |

My Ref. No: DF.22 3" March, 2010
Your Ref. No:
ETHICAL CLEARANCE
FEDERALWIDE ASSURANCE FWA 00001824 IRB 0001276
NMIMR-IRB CPN 042/09-10 IORG 0000908

On 3™ March, 2010, the Noguchi Memorial Institute for Medical Research (NMIMR) Institutional
Review Board (IRB), at a full board meeting reviewed and approved your protocol titled:

TITLE OF PROTOCOL : Development of Risk Profile for Transmission of
Mycobacterium ulcerans in Suhum-Kraboa-Coaltar and
Akuapim South Districts of Eastern Region, Ghana

PRINCIPAL INVESTIGATOR : Ernest Kenu (PhD Student)
Please note that a final review report must be submitted to the Board at the completion of the study. Your

research records may be audited at any time during or after the implementation.

Any modification of this research project must be submitted to the IRB for review and approval prior to
implementation. :

Please report all serious adverse events related to this study to NMIMR-IRB within seven days verbally and
fourteen days in writing.

This certificate is valid till 2" March, 2011. You are to submit annual reports for continuing review.

Signature of Chairman: . /= e @Ql ; ) ....................

Rév. Dr. Samuel K ete-Nyampong
(NMIMR — IRB,Chairman)

ce: Professor Alexander K. Nyarko

Director, Noguchi Memorial Institute
for Medical Research, University of Ghana, Legon
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GHANA HEA

In case of reply the
number and date of this

My Ref. :GHS-ERC: 3
Your Ref. No.

LTH SERVICE ETHICAL REVIE

AEALT
x> -~ 9

Your H=slth=Cur Comzrn

ERNEST KENU- Principal Investigator

THICAL CLEARANCE - ID NO: GHS-ERC: 02/4/10

ETHICAL CLEARANCE - 1D B: SAeo-m==msmm

The Ghana Health Service Ethical Review Committee has reviewed an
implementation of your Study Protocol titled:

«pevelopment of Risk Profile for Transmission of Mycobacterium
Coaltar and Akuapem South Districts of Eastern Region, Ghana”

This approval requires that you submit periodic review of the protocol
review to the Ethical Review Committee (ERC) on completion of the s

cause to be observed procedures and records of the study duri

Please note that any modification of the project must

before its implementation.

You are also required to report-all serious adverse events

verbally and fourteen days in writing.

W COMMITTEE

o

Research and Development Divison
Ghana Health Service
P. O. Box MB 190
Accra

27" May 2010
Tel: +233- 0302-681109

Fax + 233-0302 685424
Email: HannahFr[mpong@ghsmail.org

d given approval for the

Ulcerans in Suhum-Kraboa-

to the Committee and a final full
tudy. The ERC may observe or

ng and after implementation.

be submitted to the ERC for review and approval

related to this study to the ERC within seven days

You are requested to submit a final report on the study to assure the ERC that the project was implemented

as per approved protocol. You are also to in

publication of the research findings.

Please always quote the protocol
protocol

identification number in all future cor

form the ERC and your mother organization before any

respondence in relation to this

SIGNEBD . s o SRR
R. ANNOR NIMAKO

(GHS-ERC VICE CHAIRMAN)

Cc: The Director, Research and Development Division, GHS, Accra
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NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH
Established 1979 A Constituent of the College of Health Sciences

University of Ghana

Phone: +233-21-501180/513202 NMIMR-IRB
(Direct)+233-21-501178/9 (S/board) Em

Fax: +233-21-502182/513202
Legon, Accra

My Reference: DF 22

Ernest Kenu MBChB, MPH,
Department of Epidemiology and Disease Control, SPH
P.O.Box LG 13
Legon, Accra

RE: Our Study # 042/09-10 At:  NOGUCHI MEMORIAL
INSTITUTE FOR MEDICAL RESEARCH-IRB

Dear Ernest Kenu:

Meeting Date: 3/2/2011 At: NOGUCHI MEMORIAL
INSTITUTE FOR MEDICAL RESEARCH-IRB

Protocol Title:

Development of Risk Profile for Transmission of Mycobacterium Ulcerans in Akuapim South
and Suhum-Kraboa-Coaltar Districts of Eastern Region, Ghana

This is to advise you that the above referenced Study has been presented to the Institutional
Review Board, and the following action taken subject to the conditions and explanation
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provided below.

Internal #: 171

Expiration Date: 3/1/2012

On Agenda For: Renewal
Reason 1: Progress Report
Description:

IRB ACTION: Renewed
Condition 1:

Action

Explanation:

Yours Sincerely,

Helena Baidoo
IRB Administrator

NMIMR-IRB

Reason 2:
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FORM B

NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH
INSTITUTIONAL REVIEW BOARD PROGRESS REPORT FORM FOR
CONTINUING REVIEW

Title of study: Development of risk profile for transmission of mycobacterium ulcerans in Suhum-Kraboa
—Coaltar and Akuapem South Districts of Eastern Region, Ghana

Principal Investigator: Ernest Kenu (PhD Student)

Co-Investigators:

Certified Protocol Number (CPN): NMIMR- IRB CPN 042/09-10

Initial Date of Approval: 3" March 2010

Recent Date of Approval: N/A

Duration of Project: Three years

a) How long has project run? One Year

b) Time remaining: Two years

If requesting for an extension state duration required
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Enrollment:

a.Total number of participants enrolled to date: _ 58
b.Number of participants enrolled since last renewal: _ 58
c.Estimated number to be enrolled in upcoming year: 22
d.Number of participants discontinued:

¢ Dby investigator: 0

+ voluntarily: 0

¢ dueto SAE: 0

+ Other Reasons (Specify): 0

e.In case of animal/vector studies

¢ list number sampled to date _ NA__
¢ list number yet to be sampled in the upcoming year __N/A

Answer Questions 1 through 7 below and attach a memo explaining any “yes’ answers.

Check Boxes with X

1. Have there been any complaints received from anyone about the study?
[Participants, Parents/Guardians, Community Members, Staff, etc)

2.Have there been any unanticipated problems or serious adverse events involving risk to
participations since the last renewal? If yes, include all copies of Serious Adverse Event
reports with this submission.

3.Have the risks or benefits changed as a result of any new information?

4.Does this study have a Data Safety and Monitoring Board?
If yes, provide the most recent report from that board.

5.Have there been any amendments approved since the last review?
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NO YES N/A
X 0O O

X 0O O

X 0O O

X 0O O



6.Have there been changes in participant population, recruitment, study procedures or consent X O O
procedures that were not submitted for approval by the IRB?

7.Are you requesting any changes (i.e. protocol amendment) in participant population, recruitment, [X] [] []
study procedures or consent procedures as part of this renewal?

(If changes are requested, attach revised proposal summary forms, protocol and consent forms.)

NB: A two page detailed report should accompany the progress form. The report should have an introduction,
materials and methods, Preliminary results, discussion, further studies to be done, etc)

Signature of Principal Investigator Date
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NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH
Established 1979 A Constituent of the College of Health Sciences

University of Ghana

Phone: +233-21-501180/513202 ) NMIMR-IRB
(Direct)+233-21-501178/9 (S/board) Em
: P.O.Box LG 581
Fax: +233-21-502182/513202 ‘88‘
2 Legon, Accra
INTEGRI PROCEDAMYS
My Reference: DF 22
Ernest Kenu MBChB, MPH,
Department of Epidemiology and Disease Control, SPH
P.O.Box LG 13
Legon, Accra
RE: Our Study # 042/09-10 At: NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL

RESEARCH-IRB

Dear Ernest Kenu:
Protocol Title:

Development of Risk Profile for Transmission of Mycobacterium Ulcerans in Akuapim South and
Suhum-Kraboa-Coaltar Districts of Eastern Region, Ghana

IRB Meeting Will Be Held On: 3/2/2011

Study Expires On: 3/2/2011 A Response is Requested by 2/16/2011.

The records of our Institutional Review Board indicate that the above referenced Study is due for renewal
or closure.
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Please complete the NMIMR IRB Progress Report Form B at the website if the study is still in progress.
In the report please include number of participants currently enrolled in study, any DSMB involved and
any changes since last review (ie: revisions or amendments, SAE's, changes in P.l.'s, etc). Please note
that this report must be signed by the P.I. and 14 hard copies must be submitted to the IRB office. As a
reminder, a Protocol must remain open for IRB review as long as any enrolled participants remain in
follow-up or samples are being collected or analyzed. Please be aware that should the above study not be
renewed in the right manner, you will be in conflict with Noguchi IRB regulations; therefore, any data
collected after this date will no longer be valid.

If the study has ended and will not require renewal, please fill out the Study closure Form E and submit
14 hard copies to the IRB office.

If you have further questions or concerns, please do not hesitate to contact the IRB office.

Thank you for your continued support and cooperation.

Yours Sincerely,

Helena Baidoo

IRB Administrator
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The Chairman,

School of Public Health
College of Health Sciences
University of Ghana
Legon

P.0.Box LG13

2" February, 2012

NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH-IRB

Dear Sir/Madam,

REQUEST FOR CLOSURE OF STUDY

| write to request for a closure of my PhD study titled “ Development of risk profile for
transmission of mycobacterium ulcerans in Suhum- Kraboa —Coaltar and Akuapem South
Districts of Eastern Region, Ghana” with a Certified Protocol Number (CPN): NMIMR- IRB

CPN 042/09-10

I have successfully completed data collection and have done analysis of the data.

Thank you

Yours Faithfully,

Ernest Kenu

PhD Student
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FORM E

NOGUCHI MEMORIAL INSTITUTE FOR MEDICAL RESEARCH INSTITUTIONAL
REVIEW BOARD STUDY CLOSURE FORM

Title of study: Development of risk profile for transmission of mycobacterium ulcerans in
Suhum- Kraboa —Coaltar and Akuapem South Districts of Eastern Region, Ghana

Certified Protocol Number (CPN): NMIMR- IRB CPN 042/09-10
Principal Investigator: Ernest Kenu (PhD Student)

Co- Investigators:

Initial Date of Approval: 3" March 2010

Duration of Project: Three years

Enrollment:

a. Total number of participants enrolled: 141

b. Number of participants discontinued: 0
e By investigator: 0
e Voluntarily: 0
e Dueto SAE: 0
e Other reasons (Please specify): 0

c. Total number of participants who completed the study: 141

Answer the following questions by checking the boxes and attach a memo explaining any yes
answers.
NO YES
1. Have there been any complaints received from anyone about the study?[x] L]0
(Participants, Parents/Guardians, Community Members, Staff, etc)

2. Did the anticipated risks or benefits change during the study? Xo o

3. Did this study have a Data Safety and Monitoring Board? X ]
If yes, attach the most recent report from the board.

4. Was your study audited or monitored by the NMIMRIRB or any other agency [X] [ ]
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If yes, please attach a copy of the findings and any corrective actions that have been
implemented as a result of this audit or monitoring.

6. Are there any publication regarding this study? ] X
If yes, please attach an abstract, quoting the reference publication.

Why is this study being closed? (Check one)

Data analysis complete X O
Interim analysis determined study is not safe or efficacious ]

No funding, time const%aints or personnel to do the study ] O
Others (Please explain) ] O

NB: A cover letter requesting for closure of study and a 2-3 page detailed final report should be
attached to the study closure form. The report should have an introduction, methodology, final
results, discussion, a section stating whether or not the study objectives have been made,
recommendations, conclusions and conclusion

Signature of Principal Investigator Date

148



DEVELOPMENT OF RISK PROFILE FOR TRANSMISSION OF MYCOBACTERIUM
ULCERANS IN SUHUM-KRABOA-COALTAR AND AKUAPEM SOUTH DISTRICTS,

GHANA  Ernest Kenu

Background

Buruli ulcer disease (BU) is a skin disease caused by Mycobacterium ulcerans. The disease can
present as a swelling on the skin or an ulcer. Ghana is one of the countries in the West-Africa
that buruli ulcer affects. Amongst the districts, Suhum-Kraboa-Coltar and Akuapem South are
also affected. Unfortunately the exact way of getting the disease is not known. Even though
Some risk factors associated with contracting the disease have been identified in some previous
studies however we do not know what pertains in Suhum-Kraboa-Coaltar and Akuapem South
districts of the Eastern. In addition, there is Lack of detailed understanding of how environmental
and social conditions interact to cause the disease. Finally, we do not know the spatial
distribution of BU in the area as well as the genetic types that are in study area.

The absence of these are hampering the prevention and control of BU within the municipalities
and consequently leading to ineffective use of scarce resources hence the need for the research.

Objectives

The general objective of the study is to develop a risk profile for the transmission of BU

Specific Objectives:

1. To determine demographic and behavioral factors associated with BU at the

individual and community level

2. To determine environmental factors associated with BU
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3. To determine spatial factors associated with BU

Study Design/Method

The study was design as a Case-control with Spatial mapping. Active case search was carried out
with community based volunteers in the study area to identify Buruli ulcer patients. A case of
buruli ulcer was defined as any person aged 2 years or more who resides in the Suhum-Kraboa-
Coaltar and Akuapem South districts diagnosed of Buruli ulcer meeting the WHO clinical case
definition for M. ulcerans disease. A Control was defined as any person who resides in the

community/neighbourhood where the Buruli ulcer patient comes from.

Standardized questionnaires were administered to the cases as well as their controls. Geographic
Positioning System (GPS) mapping conducted to locate the cases as well as map environmental

characteristics that of particular interest in contracting BU

Results

o A total of 141 cases were recruited and 113 were confirmed to have buruli ulcer using
PCR, we selected 113 community matched controls by sex and 5 year age group. Fifty-
seven of the cases were females and 56 were males. The median age (ranges) of the

cases and controls were 28 (2 — 102) and 30 (3 — 98) years respectively.

e Univariate analysis done showed that BU was associated with the following
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Variable OR

[

. Higher education 0.4

2. Presence of Cocoa

Plantation in neighborhood 0.55
3. Presence of bush 2.7
4. Presence of wetland 6.9
5. Presence of river 2.5

6. Share living space with

Poultry 1.9
7. Insect bite in water/mud 35
8. Use of soap and water 0.29

9. Rubbing area with alcohol after bite 0.11

10. Use of leaves on injury site 2.9
11. Use of adhesive bandage 2.8
12. Wading in Densu river 3.5
13. Farming with long sleeves 0.19
14. Farming with short sleeves 3.9
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95% CI

0.19-0.86

0.32-0.94

13- 54

38 - 124

14 -43

1.1-3.3

1.8 - 6.6

0.16 - 0.53

0.05-0.25

1.7-4.9

14 -56

20- 6.1

0.11- 0.35

2.2 - 6.8

P-value

0.03

0.04

0.01

<0.001

0.002

0.04

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001



15. Wearing long pants to farm 0.27 0.15- 0.5 <0.001

16. Wearing short pants to farm 3.2 1.8- 57 0.001

A backward elimination logistic regression analysis indicated that presence of wetland in the
neighborhood, insect bite in water/mud, use of adhesive when injured, wading in the densu river
were significantly associated with the development of BU. Whereas rubbing an injured area with

alcohol and wearing long sleeves to farm protects against BU.

From the mapping it was noted that upstream along the Densu River where the river is not
polluted, we did not find any BU cases there but we identified all the cases beyond the polluted

area of the Densu River. BU showed clustering along the river as well.

Conclusions

Wearing clothes that covers the limbs during farming, rubbing an injured area with alcohol
immediately protect against Buruli ulcer. There is clustering of cases of buruli ulcer and they

occur in areas where the river was most contaminated

The objectives of the study have been achieved since it confirms some findings in other areas
and shows the areas of endemic BU and non-endemic areas. With this critical information
appropriate recommendation will be given to the National Buruli control Programme to
incorporate the finding into their educational materials and know when areas to focus in buruli

control along the Densu River.
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Figure 18: Poster presentation made at 7th European Congress on tropical Medicine and International Health,
Barcelona

153



Table 13: GPS ID List

This list contains sensitive data important for the ACBRIDGE Study about Buruli Ulcer.

If you find this list, please call Ernest Kenu (0244 592122) and hand it over to him for a

handsome reward.

ID number | GPS coordinates

of patient i :
Latitude Longitude
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Figure 19: Pre ulcerative forms of Buruli ulcer (Nodule at the top and Oedema at the
bottom
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Figure 20: Plaque (at the top) and active ulcer lesions of Buruli ulcer
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Figure 21: Upstream portion of the Densu River (no turbidity)
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Figure 22: Deforestation in the Atewa forest along the course of the Densu River
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Figure 23: Deforestation in the Atewa forest
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Figure 24: Chain saw operators cutting down trees
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Figure 25: Portion of the Densu River with contamination (Turbidity of the water)
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Figure 26: Point of Densu River where the pollution/contamination started
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Figure 27: Portions of the contaminated lower stream of Densu River

163



Figure 28: Contaminated Portions of the Densu River
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Figure 29: Down Stream portion of the Densu River
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