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Although there is a lot of literature on the possible causes of Buruli ulcer (BU), no one is sure where the
bacterium lives in the environment. It is also a mystery how the mycobacterium enters the human body,
although it is clear the bacterium is unable to do so by itself. There is therefore a lot of myth about the
disease epidemiology. This research has shown that the myth surrounding the cause of the disease
and the origin of the disease pathogen has affected the treatment option sought by patients and the
intervention strategies put in place by health expects in the Amansie West Distrct of Ghana. Whereas
some patients in the Amansie west district associate the disease with witchcraft and magico-religious
beliefs, the study showed that the disease is associated with aquatic environment that have been
disturbed either through mining or intense agricultural activity. The aim of this paper is therefore to
expand the frontiers of the argument by examining some of the predisposing factors and to identify the
spatial pattern in the distribution of BU in the Amansie West District. The paper concludes that despite
the myth, the disease causing organism thrives well in arsenic rich aquatic environment. However
because of the widely rooted wrong perception, any attempt to manage the disease must first target the

myth, in order to manage the reality.

Key words: Buruli ulcer, morbidity, myth, reality, mycobacterium ulcerans.

INTRODUCTION

One mysterious tropical disease whose epidemiology is
yet to be unravelled is Buruli ulcer (BU) (Duker et al.,
2006). Buruli ulcer, also known as Bairnsdale ulcer is a
chronic, indolent, and necrotizing disease of the skin
tissue caused by mycobacterium ulcerans (MU). The
disease usually begins as a painless nodule or papule
and may progress to massive skin ulceration (World
Health Organization (WHO), 2012). The large number of
cases and the complications associated with the disease
as well as its long-term socio-economic impact could
have a substantial effect on the national economy
(Chauty, 2004). BU is a poorly understood disease that
has emerged dramatically since the 1980s. The disease
is mostly found in rural areas located near wetlands and
slow-moving rivers, especially areas prone to flooding
and that are often associated with rapid environmental

change (Merrit et al.,, 2010). Unlike leprosy and
tuberculosis, caused by the organism belonging to the
same family as BU, which are characterized by person-
to-person transmission, inoculation of mycobacterium
ulcerans into the subcutaneous tissues likely occurs
through environmental contact, although the mode of
transmission is still not entirely clear (Merrit et al., 2010).
The agent produces a potent toxin known as
mycolactone, which destroys cells in the subcutaneous
leading to the development of large skin ulcers (Noeske
et al., 2004).

The incubation period, the time between infection with
mycobacterium ulcerans and clinical presentation of
Buruli ulcer, is usually under three months (Johnson et
al., 2004). It affects any part of the body, but
predominantly affects the limbs (Asiedu et al., 2000).

E-mail: oseturbo@yahoo.com.
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Table 1. Trend of Buruli ulcer disease in the Ashanti region, 2008 to 2010.

Clinical forms

vear New Recurrent Nodules Ulcer Others
2008 235 24 36 164 0
2009 177 15 22 125 46
2010 half year 251 5 72 180 47

Source: Ministry of Health, 2012.

About 70% of cases are in people under 15 years of age
(Asiedu et al., 2000). The clinical features of Buruli ulcer
have been clearly defined by the World Health
Organization (Marston et al.,, 1995). It starts as a
localized swelling in the skin that is typically painless and
firm. It is referred to as a papule when the skin swelling is
less than one centimetre in diameter, and a nodule when
it is one to two centimetres in diameter, attached and
under the skin (subcutaneous). It is called a plaque when
the ulcer has irregular edges and is more than two
centimetres in diameter (Amofah et al., 2002). These
swellings develop into ulcers. The ulcers typically have
undermined edges, which make the real size of the ulcer
difficult to estimate visually. The base of the ulcer is filled
with dead (necrotic) tissue. The skin adjacent to the
lesion, and often an entire limb, may be swollen (Asiedu
et al., 2000). Ulcers may remain small and heal without
treatment, or may spread rapidly over large areas.
Healing is slow, taking an average of four to six months,
and often follows a course with shrinking of lesions
followed by a further extension. Healing results in scars
which are usually depressed and star shaped (Amofah et
al., 2002). Death due to Buruli ulcer is rare. The disease
may however, result in joint deformities (contractures)
from excessive scarring, making movement at joints
difficult. Loss of or severe damage to vital organs such as
eyes, breast, or genitalia may occur.

Despite the advances in medical sciences, extensive
public education and research on the treatment and
control of the disease, the World Health Organization
reports that incidence of Buruli ulcer disease in Africa has
not seen significant reduction over the years. The total
Buruli ulcer cases recorded globally in 2012 including that
of Ghana was 5,076 with Africa being the worst affected
region. Ghana is the second most endemic country with
1,048 Buruli ulcer case after Cote d’lvoire, with 2,670
Buruli ulcer case (WHO, 2012). This by implication
means that Ghana and Cote d’lvoire contributed 73
percent of the world’s incidence. Again, the Ghana
Ministry of Health in their 2012 annual report shows the
Ashanti Region accounting for over 60% of all cases
(Table 1).

Table 1 show that higher number of cases is still being
reported yearly with the commonest clinical form being
ulcer. This might be due to the fact that patients do report
for early treatment, hence the higher number of cases for

the ulcerative stage. The report further suggests that the
most affected district of the Ashanti Region is the
Amansie West, with a prevalence of 151 cases per
100,000 inhabitants. There are uncertainties about the
epidemiology of the disease. There are knowledge gaps
about where the bacterium lives in the environment and
how the mycobacterium enters the human body. Again,
the high rate of re-occurrence has fuelled perception
among endemic communities that the disease of spiritual
origin. But is there a case for superstition in the disease
epidemiology? What could be the factors that pre-dispose
people to infection? Seeking answers to these and many
other lingering questions is the objective of this study.
The aim of this paper is therefore to highlight some of the
perceived myth surrounding the causes of the disease
and also discussing some of the real predisposing factors
that affect the transmission and spread of the disease in
the Amansie West District of Ghana.

METHODOLOGY
Study setting

The Amansie West District is located in the south-western part of
Ashanti Region where the disease was first given public recognition
and national documentation in Ghana. The District shares
boundaries with the Amansie East District in the west, Atwima
Mponua District in the east, Atwima Nwabiagya District in the north
and Amansie Central in the South. The Amansie West District falls
within latitudes 6° 35 and 6° 51 North and longitudes 1° 40 and 2°
05 West. The District covers an area of about 1,364 sq. km. and
forms about 5.4 percent of the total land area of the Ashanti
Region. The most endemic towns include Tontokrom Mpatuam,
Manso Mem, Manso Atwere, Edubia, Watreso, Abore, Keniago,
Essuowin, Ahwerewa and Datano (Amansie West District
Assembly, 2004) (Figure 1).

The district is drained by the Oda and Offin rivers in the north
with their tributaries such as the Pumpin, Emuuna and Jeni. These
rivers have however been polluted by numerous mining activities in
the district. A survey carried out by National Buruli Ulcer
Programme further detected new foci of BU outside of the
previously established endemic communities. The district level
prevalence rate is 151 cases per 100,000 inhabitants and this is
above the national rate of 22.7 cases per every 100,000 inhabitants
(Ministry of Health, 2012). The treatment for Buruli ulcer disease in
the study area is provided at the St Martin’s hospital at Agroyesum
which has specialized Buruli ulcer disease facilities following WHO
treatment guidelines. The study area is populated by various
segmented identity subgroups of Asantes and settler migrants from
other parts of Ghana. These groups rely mainly on subsistence
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Figure 1. Map of the Amansie West District.

farming and artisanal small scale mining, commonly called
‘Galamsey’ for sustenance.

Research strategy

The research design consisted of a mixed methods study based on
methodological triangulation, combining qualitative data from
focused group discussion and quantitative data gathered using a
standardized questionnaire. Data for the study was obtained from
the three most endemic communities of Kaniago, Edubea and
Watreso as well as the St Martin’s Hospital where patient’s hospital
records were well documented, considering the focalized character
of BU infection rates. The study population consisted of Buruli ulcer
patients who were medically diagnosed with laboratory confirmation
for BU and whose disease had reached both ulcerative and non
ulcerative stage. Ulcerative and non ulcerative cases were based
on clinical findings and confirmed by any two positives of Ziehl-
Neelsen (ZN) test for acid fast bacilli, polymerase chain reaction
(PCR), and histopathology (Roberts and Hirst, 1999).

Sampling

Sampling was purposive. Following the principle of gradual
selection, informants were theoretically selected (in accordance
with emerging results/theory) and categorized in relation to relevant
criteria (such as gender, age, religion, ethnicity, locality, hospital or
traditional treatment for BU, severerity of infection, functional
disability, etc.) to allow for maximum variation. In addition, critical
cases were continuously selected and analyzed. Snowball sampling
(using participants to identify additional cases) was also used in
order to increase respondents’ confidence in the research team and
consequently reduce response bias. In all, 185 participants were

selected for the study.

Qualitative data

Qualitative data were gathered during the focus group discussions
(FGD). The emphasis on qualitative data collection for the first
strand of the study was required, given the exploratory nature of the
first phase of research and the sensitive content of research
questions related to traditional healing, the acceptability of hospital
treatment and the possible mystical origin of the disease. Areas of
interest to the researcher were analysis of factors related to patient
satisfaction with biomedical treatment (including the doctor-patient
relationship, practical and financial implications of hospitalization,
the role of caregivers, etc.); on the perceived aetiology of BUD in
relation to treatment choice; and on gaining an in-depth
understanding of factors directly guiding treatment itineraries.
Participant observation was an essential component of the field
research as this facilitated in building up confidence with informants
and in acquiring an in-depth understanding of more sensitive
subjects such as sorcery involvement in the illness and healing
processes. The observation of patients’ daily activities provided an
opportunity for reiterated informal conversations with key
respondents, leading to some pivotal insights regarding the doctor-
patient relationship, the importance of caregivers and the
complexities of the disease’s causality

Quantitative data

After the initial qualitative research strand, the study also used
topographic map data which captured the geographic location of
the study area where Buruli ulcer has been reported. Topographic
map of the study area with a scale of 1:500000 obtained from the
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Figure 2. Perception of the causes of Buruli ulcer.

survey department, Accra was digitized using Arc GIS version 9.2.
Initially, the map was geo-referenced by defining the X and Y
coordinates of corner points of the map into a War Office
Coordinate System. The boundary map of the study area was
digitized as a polygon and communities as points. Reported cases
of BU cases from 1999 to 2011 obtained from Amansie West
District Assembly were entered as attribute of the point feature that
is the settlements. The purpose was to establish the relationship
between the prevalence of the disease and the physical.

RESULTS AND DISCUSSION
Buruli ulcer and superstition

Superstition is a widely held but unjustified belief in
supernatural causation leading to certain consequences
of an action or event or practice. The limited knowledge
of the disease and socio-cultural beliefs and practices
strongly influenced the perception of cause and health-
seeking behaviours of people affected by BU. The
success of any initiative to deal with health problems very
much depends on recognition and health seeking
behaviour of the people affected as it is often said that
perceptions mould people’s reactions to the world around
them. The individual’s health actions therefore need to be
considered within the specific socio-cultural belief models
which orient local definitions of health and illness (van de
Graaf et al.,, 1999). On the score of this, respondents
gave their perception on the causes of the disease
(Figure 2).

The question on the possible causes of BU was posed
to the infected and members in their household. The
study found out that 45% attributed the causes to witch
craft, 40% attributed the cause of the disease to curse
from the gods of the land. On aggregate, 85% of
respondents attributed the disease to supernatural

sources. Among the reasons, the respondents believed
that sufferers of the disease might have had an infraction
against the social order by breaking the taboos and living
contrary to the established norms of the society. In this
case, the gods punished them through the disease
infection. Secondly, the disease is frequently linked to
casting of spells through theft and social
misunderstandings among households.

Patients who were less than five years were believed to
be paying for the wrongs committed by their fore fathers.
10% were not able to identify the cause of the disease in
the community. Only 5% could link the disease to aquatic
environment. This revealing trend of perception indicates
the low level of awareness on the causes of the disease.
It was therefore not surprising that majority of the infected
persons did not seek the right medication. This also
shows that the numerous public educations to explain the
causes of the disease have not achieved their target.
This wrong public perception is one of the reasons why
many patients do not seek early treatment and only
report for medical treatment at the ulcerative stage where
it becomes expensive and difficult to treat. It is therefore
important that this bad public perception is corrected in
order to reduce the rate of spread of the disease in the
community.

Risk to health, as an area of study, begun to receive
attention in developing countries since the early years
2000 (WHO, 2004a). Until this period, social science
theories and empirical data on perceptions of
environmental risk focused almost exclusively on factors
related to frequently occurring disagreements between
the lay population and technical experts. In other words,
when assessing the risks, experts placed emphasis on
guantitative data, whereas citizens were much more likely
to base their opinions on qualitative aspects, such as the
nature and origin of the threat to which they are exposed,
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usually involuntarily (Blake et al., 1995). To this end, a
focus group discussion was organized to qualitatively
engage the views of the respondents on the causes of
the disease. One infected woman had this to say:

“l do not understand how | got the disease because none
of my family members have it even though we live in the
same house, drink water from the same source and
virtually share everything in common. Because am the
only person infected, the family believe that it is the work
of the evil spirits”.

This assertion was generally agreed by all. In a related
development, a 34 year old male infected person also
had this to say:

“l certainly believed that it is the work of the supernatural
forces, my late grandfather told me that there was once a
popular fetish priest in this village who wanted to marry
my mother but our family members objected. The fetish
priest cursed our family; it is believed that my sickness is
the result”.

The responses from the focus group discussions (FGD)
indicate that there is a poorer understanding of the
epidemiology of the disease. This dearth of
understanding is a problem as it leads to stigmatization,
social exclusion and lack of social integration. In some
cases, its impact disproportionately affects girls and
women, whose marriage prospects may diminish or who
may be left vulnerable. Again, the lack of proper
understanding on the cause of BU also influences the
treatment option sought by patience.

The research revealed that about 43% of respondents
depended on faith healers who were mostly fetish priests
or pastors of faith based churches, 42% said they use
herbal concoction and 9% could not be specific as

they were on self medication. This meant that over 90%
of respondents did not seek treatment from biomedical
facilities Figure 3. This figure correspond to the over 80%
who blamed the cause of the disease to magico-spiritual
factors. The implication here is that the perception of
cause influenced the treatment sought by the infected.
For this reason, it is important that any attempt to
encourage early report and treatment should first focus
on working on their perception.

The myth surrounding the cause also leads to serious
stigmatization as patients are regarded as unclean.
Stigma is the reaction of society towards people with
certain characteristics (for example, a deformity or an
ulcer) which are perceived as abnormal and undesirable;
the result is that such people are deprived of the same
social inclusion and human right as are enjoyed by
others. Fear, devaluation, and social inequality can also
be a response to the physical deformities and scars that
remain after medical and surgical treatment of the
disease. These physical signs visually mark the individual
and depart from societal standards of beauty. The
disease may be viewed as a sign of a curse, or a
punishment for some sin committed. Deformities may
also lead many to believe that the person is unable to
participate in activities and normal family, educational,
and community life. These people may be viewed as a
burden to themselves, their families, and their
community. In another focus group discussion, one
woman had this to say:

“‘My husband has divorced me because his family
believes that there is witchcraft in my family that is why |
am suffering from the diseases”.

A focus group discussion was carried out to find out the
extent of stigmatization in the communities under study.
A middle aged woman at Tontokrom had this to say:
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‘I have been ejected from my room .in the family house
that | use to occupy because they think my ulcer is as a
result of the activities of the witchcraft”.

All sorts of bad names are given and in the event, one
may voluntarily vacate the community for fear of being
stigmatized. This therefore leads to psychological stress
in the patients, as they most often feel embarrassed.

The reality

Using basically geospatial analysis, findings from this
research indicated that the disease causing organism
may be associated with aquatic environment. Geospatial
analysis of the study area showed that the risk was
higher in the southern portion and especially closer to the
confluence of the two major rivers, the Offin and Oda
Rivers. This portion is also noted for intensive artisenal
mining and agricultural activities. In addition,the area has
very poor social infrastructure especially good drinking
water and health facilities, thus compounding the problem
(Figure 4).

The results of the study indicates that Buruli ulcer
endemicity is associted with aquactic environments that
have been disturbed either through minig or irrigation.
The central portion of the risk map (Figure 4) which is
devoid of rivers showed light colours whereas the
southern part of the map which had the two major rivers
are thick coloured. A lot of authors have reported the
association of the disease with an aquatic habitat. Veitch
et al. (1997) reported a large outbreak of the disease on
Philips Island, Australia and associated the source of
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infection to an irrigation which lay in the midst of the
cluster of cases. Number of cases been reported from the
community reduced after the irrigation site was modified
and limited from the public. Scot et al. (2004) noted that
cases of Buruli ulcer are associated with tropical
wetlands of West and Central Africa, and cases have
increased rapidly in these areas since the 1980’s,
particularly after irrigation and dam construction. Travis
(1999) also noted that people living near slow-running
waters are more likely to contract the disfiguring disease
Buruli ulcer.

Merit et al. (2004) also reported the re-emergence of
the disease among people who live/or work close to
wetlands, especially slow-flowing (riverine) or stagnant
water bodies (marshes, swamps), often created as a
result of some form of human environmental
disturbances. Bayley (1971) reported cases of the
disease along the tributaries of Densu River in the Ga
North District of Ghana. James et al. (2003) in Benin also
identified three risk areas according to origin of patients
reporting at hospitals with Buruli ulcer and noted that
most of them were coming from Laguna areas of coastal
Benin, marshy inland areas where market crops and rice
are cultivated, and river valleys areas. Portaels et al.
(1999) reported that re-emergence of the disease in
some developing countries may be related to
environmental and  socio-economic  factors  like
deforestation leading to increased flooding, population
expansion without improved agricultural techniques, thus
putting more people at a risk of contracting the disease.

Apart from associating aquatic environment with BU
infection, it was also observed that high levels of Arsenic
(As) concentrations prevail in such environment and this
could cause BU occurrence to increase. The eastern and
western portion of the Amansie West District, which
accounts for most of the BU cases in Ghana, happens to
have the highest levels of (As), possibly released into rivers,
lakes and ground water by intensive gold mining and
agricultural activities. Figure 5 shows the distribution of
(As) in the district. The figure indicates that the
concentration of (As) corresponds to the two areas
drained by the rivers Offin and Oda (portions shown in
deep red). These two areas co-incidentally have the
highest cases of BU in the district (Figure 5).

This large range of spatial autocorrelation in arsenic
concentration model shows a better spatial structure
which may be speculated to be related to exposure of
arsenic through mining activities into drainage where
inhabitants use this water for their everyday activities.
Human activities in the Amansie West District have
elevated arsenic contamination in the environment (Bell
and Broemeling, 2000). High levels of arsenic in drinking
water have been detected in most parts of the district,
with concentrations frequently exceeding the World
Health Organization guideline contaminant level (MCL) of
10 ug/L (Smedley et al.,, 2002). Some of the human
activities that have adversely affected the environment
are mining, waste disposal, indiscriminate use of
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fertilizers, pesticides,
chemical spillage.

A similar report was made by Jahan et al. (2002) that in
the state of Victoria (Australia), mining of gold had
caused an estimated 30,000 tonnes of arsenic to be
redistributed to the surface across the landscape through
erosion into streams and rivers. Hence, arsenic
accumulates in soil, contaminates both surface water and
groundwater WHO (2012), is taken up by plants and is
then entrenched in mammalian/insectivore food chain
(Green et al., 2001).

Arsenic occurs naturally in groundwater from
dissolution of arsenic-bearing mineral constituents in
underground aquifers, with concentrations typically
ranging from < 1 to 1000 pg/L. Elevated levels of arsenic
are a cause for concern because arsenic is associated
with a number of adverse health outcomes, including
several types of cancer, vascular diseases,
dermatological ailments, diabetes, respiratory diseases,
cognitive decline, and infant mortality (Chen et al., 1995).
Mobilization of arsenic from geological formations into
groundwater is driven by a host of biogeochemical and
hydrologic factors. These factors include sediment
mineralogy, well depth, microbial oxidation or reduction of
arsenic, competing elemental species for sorption sites,
groundwater recharge, groundwater flow path, and
presence of fractures in bedrock formations (Smedley et
al., 2002).

herbicides, manufacturing and

CONCLUSION

The research has revealed that despite the progress
registered in recent years in research and educating the
general public on the possible cause of the disease,
major gaps still remain unabridged. The reservoirs of

mycobacterium ulcerans, its mode of transmission to
humans and immune-pathogenesis are still poorly
understood. Currently, there is still a wide perception that
the disease is cursed by supernatural powers. Again the
treatment options discourage patients from reporting
early; and no available treatment can prevent recurrence.
There is therefore the need for endemic communities to
intensify control activities and accelerate research. The
priority is to disabuse the minds of patients of the
perceived ‘mythism’ of the disease and to encourage
early detection and case-management in the absence of
a vaccine. Basic research is needed to understand the
biology and epidemiology of the causative agent of this
emerging disease. By better understanding the specific
water-body systems and how human land-use
disturbances affect the ecological interactions associated
with Buruli ulcer, scientists will be able to provide the
missing epidemiological links necessary to unravel the
mysteries of this emerging disease.
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Preservation of strains in a microbiology laboratory is of great importance for quality control, teaching,
and research. Freezing is a very common method of preservation and storage of microorganisms. The
evaluation of new diagnostic or in vitro antimicrobial susceptibility tests for methicillin-resistant
Staphylococcus aureus (MRSA) requires well-defined strain collections. The study was aimed at
determining whether loss of mecA gene in MRSA is related to the storage method. A total of 1692 non-
duplicate S. aureus isolates were collected from different human clinical specimens at 8 different health
institutions in Northwestern Nigeria from February, 2008 to April, 2010. All the isolates were screened
for methicillin resistance using disc diffusion method (DDM), screen agar method (SAM) and latex
agglutination techniques (PBP). Thereafter, the isolates were stored in 16% v/v glycerol broth at -80°C.
In December, 2011, the isolates were retested by polymerase chain reaction (PCR) which was used to
amplify both the S. aureus specific sequence gene and mecA gene of 100 isolates, with the amplicon
size of 107 and 532 bp. The prevalence rate of MRSA on DDM, SAM, and PBP were 26.3, 24.2 and 25.0%,
respectively. Surprisingly, the mecA gene was lost in 95.0% of 100 MRSA isolates after 2 years of
storage at -80°C with the Micro bank system (Pro-lab Diagnostics, Austin, Tex.). This study
demonstrates that mecA can be lost from MRSA strains stored at —80°C with the Micro bank system.
This finding has important implications for the management of strain collections and is of use for all
future biobanking projects.

Key words: Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (MRSA), mecA gene, storage,
human, Northwestern Nigeria.

INTRODUCTION

Resistance of staphylococci to methicillin and all B-lactam
antibiotics is associated with the low affinity of a
penicillin-binding protein, PBP2a, which is not present in
susceptible staphylococci. (Hartman and Tomasz, 1984;
Pierre et al, 1990; Chambers, 1987, 1997, 1999;
Muhammad et al., 2006). This protein is encoded by the
mecA gene, which is located in the mec region and which
is DNA of foreign origin (Matsuhashi et al., 1986).

The expression of the mecA gene and the resulting

production of PBP2a is regulated by proteins encoded by
the  penicillinase-associated  blaR1-blal  inducer—
repressor system and the corresponding genomic
mecR1-mecl elements (Tesch et al., 1990; Hackbarth
and Chambers, 1993; Sharma et al., 1998; Muhammad
et al.,, 2006). Hiramatsu et al. (1992) identified in
Staphylococcus aureus N315 the mecR1-mecl regulator
element, which is located upstream of the mecA gene
and is divergently transcribed from mecA. The mecl gene
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codes for a repressor protein and the mecR1 gene for a
B-lactam-sensing transmembrane signalling protein.

Methicillin and oxacillin are, however, not good
inducers for this system, often resulting in slow induction
of methicillin resistance. Phenotypically susceptible
strains, known as pre-methicillin-resistant S. aureus (pre-
MRSA) and pre-methicillin-resistant coagulase-negative
staphylococci (pre-MRCNS), have been discovered,
which do not express methicillin resistance, as mecA is
fully repressed by mecl (Hiramatsu, 1995; Weller, 1999).
The induction of mecA transcription is very slow and
might be due to mutations of mecl (Weller, 1999).

The distribution of mec regulator genes among
methicillin-resistant Staphylococcus strains from various
countries has already been studied by hybridization and
sequencing, which showed that the loss or inactivation of
the mecl gene leads to derepression of mecA gene
transcription (Suzuki et al., 1993; Shimaoka et al., 1994;
Hiramatsu, 1995; Weller, 1999). In vitro amplification of
DNA by polymerase chain reaction (PCR) is a rapid and
sensitive method for the detection of specific DNA
sequences and requires fewer cells than DNA
hybridization protocols (Tokue et al., 1992; Unal et al.,
1992). The method has already been applied for the
identification of mecA-positive strains directly in clinical
specimens or in DNA extracts (Tokue et al., 1992;
Ubukata et al., 1992). The present study was aimed at
determining whether loss of mecA gene in MRSA isolates
can be related to the storage method.

MATERIALS AND METHODS

Bacterial isolates

A total of 1692 consecutive non-duplicated S. aureus isolates were
obtained from clinical samples in 8 health institutions (Microbiology
department) across Northwestern Nigeria. The isolates were
collected for duration of two years from February, 2008 to April,
2010. The quality control and rejection criteria of specimen were
followed (Isenberg, 1998). S. aureus ATCC 25923 was used as a
reference control organism. All confirmed S. aureus isolates were
stored in 16% v/v glycerol broth at -80°C.

Disc diffusion method (DDM)

Methicillin disk susceptibility testing was performed according to
National Clinical Laboratory Standards (NCCLS, 2003, 2008).
Briefly, a bacterial suspension adjusted to 0.5 McFarland was
inoculated onto Muller-Hinton agar. Filter paper disks containing 5
ug methicillin and 1 pg oxacillin (Becton Dickinson, Heidelberg,
Germany) were placed on the inoculated Muller-Hinton agar using
sterile forceps. All plates were incubated in 35°C for 24 h. The
diameters of zone of inhibition were recorded.

Screen agar method (SAM)
All isolates were plated on Mueller-Hinton agar with 4% NaCl and

10 mg/l methicillin or 6 mg/l oxacillin. The isolates were inoculated
at afinal density of 5 x 105 CFU/ml. Methicillin resistance was
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confirmed by surface growth after incubation at 35°C for 24 h.

Latex agglutination assay (PBP)

Mastalex ™MRSA kit (Mast diagnostics, UK), a commercially
available S. aureus agglutination test kit was used for the latex
agglutination test. The MRSA screen test is a slide latex
agglutination test based on the reaction of latex particles sensitized
with monoclonal antibodies against penicillin binding protein 2a
(PBP2a or PBP2) of S. aureus and PBP2a (a product of mecA
gene) extracted from tested colonies (Muhammad et al., 2006). The
test kit was used according to manufacturer's instruction.
Autoagglutination reactions in the negative control were excluded
from calculations.

Storage of the isolates

Using sterile swab, the entire growth of an overnight pure culture
was sub-cultured in 5 ml of sterile glycerol broth and immediately
stored in freezer [Micro bank (Diagnostic pro-lab)] at -80°C. After 24
h the viability of the organism was checked by thawing the
suspension at 35°C and inoculated on blood agar plates.

DNA extraction method

Pure culture of S. aureus on agar slant was required for molecular
analysis of the isolates. Nonviable and mixed cultures were not
processed for the molecular analysis. Of the 423 MRSA isolates
detected by latex agglutination technique, 100 isolates were
randomly selected and used in the molecular analysis with
representative from each of the study area. After overnight culture
on brain heart infusion (Difco Laboratories) agar plates, one colony
of each sample was resuspended in 25 pl of sterile distilled water
and the suspension was then placed in a 100°C heat block for
15 min. From this suspension, a 5 pl volume was directly used as a
template for PCR amplification (Bignardi et al., 1996; Perez et al.,
2001; Anna-Kaarina et al., 2009).

Oligonucleotide primers

The oligonucleotide primers used in this study have been previously
described (Martineauf et al., 1998; Meshref et al., 2011) and were
obtained from a commercial source (Ingaba Biotechnical Industries
(Pty) Ltd., South Africa). The 3-end region of the S. aureus specific
gene (chromosomal DNA) was amplified using A 30 nucleotide
forward primer 5'- AAT CTT TGT CGG TAC ACG ATA TTC ACG -
3’ and A30 nucleotide reverse primer, 5-CGT AAT GAG ATT TCA
GTA GAT AAT ACA ACA-3’ (which hybridize to 5-34 and (112-83),
respectively (Martineauf et al., 1998), while the 3-end region of the
mecA gene was amplified using A 22nucleotide forward primer 5’-
AAA ATC GAT GGT AAA GGT TGG C - 3 and A22 nucleotide
reverse primer, 5- AGT TCT GCA GTA CCG GAT TTG C-3' (which
hybridize to sites 1282-1301 and 1814-1793) (Robert Koch institute,
2003) (Table 1). S. aureus specific gene and mecA gene have the
amplicon size of 107 and 532 bp using primers described by
Meshref et al. (2011).

MecA gene detection by polymerase chain reaction

PCR assays were all directly performed from the bacterial
suspension obtained after the rapid DNA extraction method earlier
described. An aliquot of 5 pl of this suspension was added to 95 pl
of PCR mixture consisting of 1x reaction buffer [16 mM (NH4)2SO4,



J. Public Health Epidemiol.

Table 1. Methicillin resistance among Staphylococcus aureus isolates using conventional methods.

Strains isolated Methods used for detection of MRSA

Parameter DDM SAM PBP
Number of isolates (%)

Methicillin Resistant S. aureus (MRSA) 445 (26.3) 415 (24.2) 423 (25.0)
Methicillin Susceptible S. aureus (MSSA) 1251 (73.9) 1283 (75.3) 1269 (75.0)

X®=3.14, df = 4, P = 0.534.

1 2 3 4 5

6 78 9 101112 13 14 15 16

500 bp

Figure 1. Representative of agarose gel electrophoresis of PCR products. Lanes 12, 14
are positive for mecA as indicated by 532 bp PCR product, lane 2 to 9,11,13, 15, are
negative for mecA, Lane 16: negative control (methicillin susceptible S. aureus, ATCC
25923); lane 1,10: molecular weight size marker.

67 mM Tris-HCI (pH 8.8)], a 0.5 mM concentration of each of the
four deoxyribonucleoside triphosphates (dATP, dCTP, dGTP, and
dTTP) (Ingaba Biotechnical Industries (Pty) Ltd., South Africa), 1.0
MM of each primer, and mecA primer, and 1.25U of The Dream
Tag™ Green PCR Master Mix (2x) (Fermentas Life Sciences,
supplied by Ingaba Biotechnical Industries (Pty) Ltd., South Africa)
is a ready-to-use solution containing Dream Taq™ DNA
polymerase, optimized Dream Tag™ Green buffer and 4 mM
MgCl,. For each sample, one reaction was performed with the pair
of primers to identify S. aureus specific sequence gene and with the
mecA pairs of primers to detect resistance gene (mecA).

In order to reduce the formation of nonspecific extension
products, a hot-start PCR protocol was used; the tubes were placed
in the thermal cycler when the denaturing temperature was
reached. All PCR assays were carried out with a negative control
containing all of the reagents without DNA template. DNA
amplification was carried out in a Techne PCR system TC-5000
thermocycler (Bibby Scientific Ltd) with the following thermal cycling
profile: an initial denaturation step at 94°C for 5 min was followed by
30 cycles of amplification. Each cycle consisted of the following
steps; denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 60 s ending with afinal extension step at 72°C
for 5 min.

After PCR amplification, 5 pl was removed and subjected to
agarose gel electrophoresis (1.5% agarose, 1x Tris-borate-EDTA,
100 V, 40 min) to estimate the sizes of the amplification products by
comparison with a 100 bp O’ GeneRuler™ 100 bp molecular size
standard DNA Ladder, ready-to-use designed by Fermentas Life
sciences (supplied by Ingaba Biotechnical Industries (Pty) Ltd.,
South Africa). The gel was stained with ethidium bromide, and the
amplicons were visualized using a ultra violet (UV) light box. This
protocol, including the rapid DNA extraction method from a single
colony and electrophoretic analysis of the amplified products on an
agarose gel, was performed in less than 4 h.

Statistical analysis

The statistical package for social sciences (SPSS) for windows
version 11.0 was used for statistical analysis and data
interpretation. The statistical analysis was done using median,
averages, ranges, * standard deviation, chi square, student’ test
and Pearson correlation were applied. The p value < 0.05 was
considered as “statistically significant”.

RESULTS

The prevalence of methicillin resistant among 1692 S.
aureus isolates in disc diffusion method (DDM) and
screen agar method were 26.3 and 24.2%, respectively
as shown in Table 1. Four hundred and twenty three S.
aureus isolates [(were found to be resistant to methicillin
by detection of mecA product, PBP2a (PBP’)] using latex
agglutination technique. Ninety five (22.5%) and fifty
seven (13.5%) of the 423 MRSA isolates did not grow on
oxoid mannitol salt agar (MSA) and mast MSA media
without oxacillin, respectively. The difference was
statistically significant (P < 0.001).

Out of total 100 isolates of methicillin resistant strains
recovered by the conventional techniques, the mecA
gene was detected from only 5 (5.0%) of the 100 MRSA
strains. The size of the amplicon for the mecA gene was
expected to be 532 base pairs (bp). An amplicon of 532
bp was seen in only 5 of the 100 isolates tested. PCR
amplification of mecA gene demonstrating amplicon of
532 bp products are given in Figure 1. Table 2 shows the
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Table 2. Measurement of specificity and sensitivity of different methods used.

No. of strains with result indicated

mecA No. of isolates tested PBP DDM SAM

Pos Neg Pos Neg Pos Neg
Positive 5 5 0 5 0 4 0
Negative 95 95 0 95 0 96 0

Pos: Positive; Neg: negative.

measurement of specificity and sensitivity of different
methods used. Surprisingly, 95 (95.0%) of the 100
isolates did not harbor the mecA gene. The mecA gene
was lost in 95.0% of 100 methicillin-resistant S. aureus
isolates after 2 years of storage at —80°C with the Micro
bank system (Pro-lab Diagnostics, Austin, Tex).

DISCUSSION

The presence of the mecA gene is considered the
hallmark for identification of MRSA strains and can be
difficult to distinguish using phenotypic methods because
of the possibility of missing some resistant strains using
standard phenotypic susceptibility testing methods due to
heterogenous phenomena. This phenomenon was
recognized soon after the discovery of MRSA; that in
cultures of most strains only a proportion of cells (usually
one 10° to 10° were highly resistant to methicillin while
majority expressed resistant level at or near those of
susceptible strains such as heterogenecity of resistance
characterized of MRSA in contrast to almost all other
bacteria (Chambers, 1997; Hiramatsu et al., 2001).
Though mecA gene is responsible for phenotypic
behaviour of methicillin resistance in this part of the
world, it s noteworthy that the loss of mecA gene there is
methicillin resistant S. aureus during storage. This result
indicates the acquisition of mecA gene is responsible for
methicillin resistance; concurring with the previous
studies on the role of mecA gene in developing high
methicillin resistance (Hartman and Tomasz, 1984). In
addition to presence of mecA gene in MRSA, PBP2a and
ica gene cluster can also encode resistant in MRSA
(Cramton et al., 1999; Memmi et al., 2008). In this study,
out of the 100 isolates, 5 (5.0%) of the isolates were
confirmed as MRSA by the detection of mecA gene. This
low level of mecA gene detection can be explained due to
loss of the mecA gene during storage methicillin-resistant
S. aureus strains at -80°C as studied by Griethuysen et
al. (2005) where they found 14.4% MRSA isolates lost
mecA gene during storage after two years. Loss of the
mecA gene in such a large percentage of MRSA isolates
during storage at -80°C with the Microbank system has
been described by Hurlimann et al. (1992) where they
described the apparent loss of the mecA gene in

methicillin-resistant S. aureus isolates stored as
lyophilized cultures. However, they did not confirm the
presence of the mecA gene at the time the isolates were
stored; therefore, it is not certain that all isolates carried
the mecA gene to start with (Hurlimann et al., 1992).

Loss of the mecA gene has also been observed in vivo
(Lawrence et al., 1996; Deplano et al., 2000). Katayama
et al. (2000) demonstrated that the SCCmec, which
contains the mecA gene, can be integrated to and
excised from the S. aureus chromosome. However,
spontaneous excision of the SCCmec did not occur
appreciably in the strain that was examined (Katayama et
al., 2000). The presence of the mecA gene is considered
the hallmark for identification of MRSA strains and can be
difficult to distinguish using phenotypic methods since
heterogenous phenomena may compound the possibility
of missing some resistant strains using standard
phenotypic  susceptibility testing methods. This
phenomenon was recognized soon after the discovery of
MRSA where cultures of few strains were highly resistant
to methicillin while majority expressed resistant level at or
near those of susceptible strains such as heterogenecity
of resistance which is a characteristic of MRSA in
contrast to almost all other bacteria (Hiramatsu, 1995;
Chambers, 1997).

Preservation of strains in a microbiology laboratory is of
great importance for quality control, teaching, and
research (Harbec and Turcotte, 1996). Freezing is a very
common method of preservation and storage of
microorganisms (Aulet et al.,, 2001). Studies mainly
concentrate on the viability of the microorganisms after a
certain storage period. Little attention is given to the
influence of storage conditions on characteristics of the
stored strain such as antimicrobial susceptibility. The
Microbank bacterial preservation system (Pro-lab
Diagnostics) is a well-known system for freezer storage
of all kinds of microorganisms and is used in laboratories
all over the world. One of the issues that remain is
whether loss of the mecA gene is related to the storage
method; this cannot be concluded that the mecA gene
was lost during storage at —-80°C. This study can
therefore demonstrate that mecA can be lost from MRSA
strains stored at -80°C with the Micro bank system. This
has important implications for the management of strain
collections. Prior to the use of MRSA isolates that have
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been previously stored at -80°C in any study, they have
to be checked for the presence of the mecA gene at that
moment in time. Maybe storage of MRSA strains can be
improved by altering the storage conditions by, for
example, the addition of oxacillin to the cryopreservative.
This needs to be evaluated in future studies.

Conclusion

This study demonstrates that mecA can be lost from
MRSA strains stored at -80°C with the Micro bank
system. This finding has important implications for the
management of strain collections. On the basis of this
finding, attention should also be given to the influence of
storage conditions on characteristics of the stored strains
such as antimicrobial susceptibility of the microorganisms
after a certain storage period.
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Malaria is endemic and a major public health problem in Nigeria. In most malaria endemic areas,
pregnant women are the main adult group at risk for the severe form of the disease. In the absence of
effective vaccine for malaria prevention and development of unacceptable levels of resistance to one
drug after another by the malaria parasite, prevention of mosquitoes bite through use of insecticide
treated nets (ITNs) remains a very important strategy for malaria control. This study aimed to assess the
prevalence and barriers to use of insecticide treated nets among pregnant women in Sokoto. This was a
cross sectional descriptive study among 185 randomly selected pregnant women attending antenatal
clinic (ANC) at Specialist Hospital Sokoto, in October, 2010. Data collection was done using a set of
pretested, semi-structured questionnaires; descriptive statistics was used for analysis. Among the 179
(96.8%) respondents that were aware of ITNs out of the 185 participants, 154 (86.0%) had accurate
knowledge of ITNs, 50 (27.6%) use ITNs (but this constitutes 74.6% of the 67 respondents that own an
ITN). One hundred and eleven (84.7%) of the 131 respondents who did not sleep under an ITN the night
before the survey, gave lack of ITNs as reason for not sleeping under the net. Utilization of ITNs was
low despite high knowledge of the commodity among the respondents. Lack of ownership was the
major barrier to its utilization. Educational level was statistically significantly associated with
ownership and use of ITNs (p < 0.001). Women empowerment (through education and employment) and
monitoring of ITNs distribution by the relevant government agencies were suggested as important
interventions in improving availability, affordability and use of ITNs.

Key words: Insecticide treated nets, prevalence, barriers, pregnancy.

INTRODUCTION

In most countries of sub-Sahara Africa, malaria is highly through the bite of infected female anopheles mosquito),

endemic and a leading cause of morbidity and mortality people develop a certain degree of immunity to it during
(Federal Ministry of Health (FMoH), 2004). Due to the first decade of life (Brabin, 2000). Despite this
repeated exposure to malaria infection (transmitted immunity, pregnant women, especially primigravidae,

*Corresponding author. E-mail: awosankj1@yahoo.com.




have a high susceptibility to Plasmodium falciparum
infection, manifested by a high prevalence and intensity
of parasitaemia (Steketee, 2005).

Every year, at least 30 million pregnancies occur
among women in malarious areas of Africa, most of these
women reside in areas of relatively stable malaria
transmission. Nigeria is the most populous country in
Africa, with an estimated population of over 168 million
(World Bank, 2012). It therefore has the largest
population of persons exposed to malaria infection in
sub-Saharan Africa.

In areas of Africa with stable malaria transmission, P.
falciparum infection during pregnancy is estimated to
cause as many as 10,000 maternal deaths each year, 8
to 14% of low birth weight babies, and 3 to 8% of all
infant deaths (Guyat and Snow, 2001).

Transmission of malaria disease is very high in Nigeria
with an annual incidence of 31,913 per 100,000
population; it is the leading cause of death in children
aged under 5 years accounting for 20% of deaths among
this group, closely followed by pneumonia and diarrhea
diseases that accounted for 17 and 11% of deaths,
respectively. Among adults, it is the second leading
cause of death with a cause specific mortality rate of 131
deaths per 100,000 population compared to 132 deaths
per 100,000 population from human immunodeficiency
virus/acquired immune deficiency syndrome (HIV/AIDS)
(World Health Organization (WHO), 2013). Available
record ranks Sokoto State (the study area) among those
with very high morbidity and mortality from malaria in
Nigeria in 2006 (National Bureau of Statistics (NBS),
2006).

In the absence of effective vaccine for malaria
prevention and development of unacceptable levels of
resistance to one drug after another by the malaria
parasite, coupled with the development of resistance to
insecticides by mosquitoes that transmit the disease;
prevention of mosquitoes bite through the use of
insecticide treated nets remains a very important strategy
for malaria control (Lengeler and Snow, 2000; Ter Kuile
et al., 2003). Insecticide treated nets (ITNs) have been
shown to reduce severe disease and mortality due to
malaria in endemic regions and reduce all cause mortality
by about 20% (Centre for Disease Control (CDC), 2004).

Current use of malaria preventive measures during
pregnancy in Nigeria was found to be low despite the
burden of the disease in the country (National Population
Commission (NPC) and ICF Macro, 2009). Review on
community acceptance of bed nets in other places has
shown that various factors influence the use of bed nets,
including; cultural, behavioral and demographic factors,
ethnicity, accessibility, gender relations and seasonality
of malaria (Heggenhougen et al., 2003). This study was
conducted to determine the prevalence and barriers to
the use of ITNs among pregnant women in Sokoto.
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MATERIALS AND METHODS

This was a cross sectional descriptive study carried out in Specialist
Hospital, Sokoto State, Nigeria in October, 2010. The hospital is a
tertiary healthcare facility located in Sokoto metropolis with a bed
capacity of 270. The metropolitan city of Sokoto is the capital of
Sokoto State; it lies between longitude 05° 11’ to 13° 03’ East and
latitude 13° 00’ to 13° 06’ North and covers an area of 60.33 square
km. The area has an annual mean rainfall ranging between 500 to
1,300 mm. Dry season starts from October and lasts up to May, and
wet season begins in May and last up to October every year.

The study population consisted of pregnant women attending
antenatal care (ANC) clinic, in the Obstetrics and Gynaecology
Department of the hospital. The department runs the ANC clinic
thrice a week, seeing an average of 150 patients per day. Fresh
attendees presenting for booking are seen on Wednesdays, while
those presenting for revisits are seen on Tuesdays and Thursdays.

The sample size was estimated at 185 based on a prevalence of
13% from a previous national survey (NPC and ICF Macro, 2009),
precision level of 5% and an anticipated response rate of 95%. The
study subjects were randomly selected by systematic sampling
technique; this was done after explaining the objectives of the study
to them. One in every four pregnant women presenting for revisits
at the ANC clinic of the hospital was recruited over a 4 day period
(consecutive Tuesdays and Thursdays in two consecutive weeks)
until the required sample size of 185 was obtained. A standardized
semi-structured, interviewer-administered questionnaire  was
developed to obtain the required data. The questionnaire sought
information on socio-demographic variables, knowledge of
difference between an ordinary net and an insecticide treated nets
(ITNs), ownership and source of ITNs, use and barriers to use of
ITNs and prevalence of malaria attacks. It was reviewed by senior
colleagues in the Department of Community Medicine and
Department of Veterinary Parasitology and Entomology of the
Usmanu Danfodiyo University, Sokoto. The necessary correction
was made based on their inputs to ascertain content validity. The
guestionnaire was pre-tested in a pilot study among 14 pregnant
women presenting for ANC revisit at the maternal and child health
unit of Primary Healthcare Centre, Yar- Akija, Sokoto in September,
2010. It was re-administered after a 2 week interval to 10 of the 14
respondents that complied with their follow-up appointment. The
instrument shows good internal consistency (Cronbach’s alpha =
0.83) and test-retest correlation coefficient was 0.79. Five student
midwives assisted in questionnaire administration after pre-training
on conduct of survey research, the objectives of the study, selection
of study subjects and questionnaire administration. Ethical
permission to carry out the study was obtained from the
management of the hospital, and informed written consent was also
obtained from the study subjects before questionnaire
administration.

Data was analyzed using the statistical package for social
sciences (SPSS) version 17 computer statistical software package.
Frequency distribution tables were constructed; cross tabulations
were done to examine relationship between categorical variables.
The Chi-square test was used to compare differences between
proportions; statistical significance was set at p < 0.05.

RESULTS

The study subjects comprised of 185 pregnant women
between the ages of 18 and 45 years (Mean = 29.9;
standard deviation (SD) = 5.75). Ninety four (50.8%) of
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Table 1. Socio-demographic profile of respondents

Socio-demographic profile
Age groups (in years)

Frequency (%)

18-25 42 (22.7)
26-33 94 (50.8)
34-41 47 (25.4)
42 and above 2(1.1)
Marital status

Married 180 (98.4)
Divorced 1(0.5)
Widowed 2(1.1)
Tribe

Hausa/Fulani 140 (77.8)
Igbo 18 (10.1)
Yoruba 20 (11.1)
Other tribes 2(1.1)
Education

None 14 (7.6)
Quirranic only 37 (20.0)
Primary 22 (11.9)
Secondary 69 (37.3)
Tertiary 43 (23.2)
Religion

Christianity 29 (15.7)
Islam 156 (84.3)
Occupation

Housewife 124 (67.0)
Petty trader 17 (9.2)
Businesswoman 17 (9.2)
Civil servant 22 (11.9)
Professional 3(1.6)

the 185 respondents were in the 26 to 33 years age
group, 180 (98.4%) were married, 140 (77.8%) were
Hausa/Fulani, 69 (37.3%) had secondary education, 43
(23.2%) had tertiary education, 156 (84.3%) were
Moslems and 124 (67.0%) were housewives (Table 1).
Table 2 shows the distribution of respondents’
knowledge of ITNs, ownership and use of ITNs by level of
education. One hundred and seventy nine (96.8%) of the
185 respondents have ever heard of ITNs. Among the
179 respondents that were aware of ITNs, 124 (69.3%)
reported health workers, 28 (15.6%) reported
radio/television, 24 (13.4%) reported friends/relatives, 2

(1.1%) reported newspaper/magazines and 1 (0.6%)
reported church/mosque as their source of information on
ITNs. One hundred and fifty four (86.0%) of the 179
respondents that were aware of ITNs had accurate
knowledge that ITNs differ from ordinary nets by
containing chemicals that kill mosquitoes in addition to
preventing mosquito bite. There was statistically
significant association between educational level of
respondents and their knowledge of difference between
an ordinary net and an ITN, x* = 120.481, p < 0.001.

While 126 (68.1%) of the 185 respondents own a bed
net (either ordinary or insecticide treated), only 67
(36.2%) own an insecticide treated net. Ownership of
ITNs increased statistically significantly from 7.7% among
those with no education, to 13.5% among those with
gurranic education, 30% among those with primary
education, 37.7% among those with secondary
education, and 69.1% among those with tertiary
education, x* = 31.138, p < 0.001. Thirty four (50.7%) of
the 67 respondents that had ITNs bought them at the
market, 17 (25.4%) obtained their nets free at the ANC
clinic, 8 (11.9%) bought their nets at the hospital, 5
(7.5%) obtained their nets as donation by Non-
Governmental Organizations (NGOs) and 3 (4.5%)
obtained their nets as donation by friends/relatives.

One hundred (54.1%) of the 185 respondents slept
under a bed-net (either ordinary or an ITN) the night
before the survey; only 181 of the 185 participants
responded to the question on use of ITN the night before
the survey. Fifty (27.6%) of the 181 participants that
responded to the question on use of ITNs slept under an
ITN the night before the survey (but this constitutes
74.6% of the 67 respondents that own an ITN). Among
the 50 respondents that slept under an ITN the night
before the survey, 25 (50.0%) had tertiary education, 20
(40.0%) had secondary education, while the remaining 5
(10%) had primary education and below. The proportion
of respondents that slept under ITNs rose statistically
significantly from 0% among those with no education, to
5.4% among those with qurranic education, 15.0%
among those with primary education, 29.0% among those
with secondary education, and 59.5% among those with
tertiary education, x* = 37.133, p < 0.001.

One hundred and thirty one of the remaining 135
participants that did not report sleeping under an ITN the
night before the survey responded to the question on
reasons for not sleeping under it. Of the 131 respondents
who gave reasons for not sleeping under an ITN the night
before the survey, 111 (84.7%) reported lack of ITNs, 10
(7.6%) and 2 (1.5%) reported excessive heat and
seasonality of malaria, respectively as reasons for not
sleeping under the net among other reasons (Table 3).

Only 36 (19.5%) of the 185 respondents reported no
attack of malaria fever in the past 1 year, 74 (40%)
reported one or two attacks of malaria fever, while 75



Table 2. Distribution of respondents’ occupation, kn
by level of education.
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owledge of ITNs, ownership and use of ITNs

Educational level

Variable None Qurranic only Primary Secondary  Tertiary
No. (%) No. (%) No. (%) No. (%) No. (%)

Knowledge of ITN

Accurate 1(9.1) 25 (73.5) 16 (71.4) 69 (100.0) 43 (100.0)

Not accurate 10 (90.9) 9 (26.5) 6 (28.6) 0 (0) 0 (0)

N =179, x? = 37.133, p < 0.001

Own an ITN

Yes 1(7.7) 5(13.5) 6 (30.0) 26 (37.7) 29 (69.1)

No 12 (92.3) 32 (86.5) 14 (70.4) 43 (62.3) 14 (30.9)

N =181, x* = 31.138, p < 0.001

Slept under an ITN

Yes 0 (0) 2(5.4) 3(15.0) 20 (29.0) 25 (59.5)

No 13 (100.0) 37 (94.6) 17 (85.0) 49 (71.0) 17 (40.5)

N =181, x° = 37.133, p < 0.001

Table 3. Reasons for not sleeping under an insecticide treated net (ITN)

Reasons for not sleeping under an ITN (N=131)

Frequency (%)

Excessive heat at night

Causes suffocation at night
Prevent free movement on the bed
Do not have ITN

Malaria fever is only seasonal

10 (7.6)
3(2.3)
5 (3.8)
111 (84.7)
2 (1.5)

Table 4. Distribution of number of malaria attacks in the past 1 year by use of ITN.

Used an insecticide treated net

No of malaria attacks in the past 1 year

Yes frequency (%)

No frequency (%)

None 13 (26.0) 23 (17.6)
One to two 25 (50.0) 48 (36.7)
Three and above 12 (24.0) 60 (45.8)

x?=12.178, p = 0.016.

(40.5%) reported three or more attacks of malaria fever in
the past 1 year. Among the 181 participants that
responded to the question on use of ITN, prevalence of
three or more attacks of malaria fever in the past 1 year
was 45.8% among those that did not use an ITN
compared to 24.0% among those that used an ITN, and
the difference was statistically significant, x? = 12.178, p=
0.016 (Table 4). Educational level (secondary/tertiary

education) was the only variable that predicted no attack
or only one attack of malaria fever in the past | year (OR
=6.349, p <0.001, 95% CI = 0.594 to 0.313).

DISCUSSION

High level of awareness (96.8%) and knowledge of the
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importance of ITNs in killing mosquitoes and preventing
mosquito bites by majority (86.0%) of the respondents
was demonstrated in this study. A statistically significant
association between educational level of respondents
and knowledge of ITNs was also observed (x* = 120.481,
p < 0.001). This is contrary to the findings in a study in
Ogun State, Western Nigeria that reported poor
awareness (48.9%) and knowledge (31.2%) of the
importance of ITNs among pregnant mothers. However,
similar to the findings in this study, it also reported a
statistically significant association between educational
level and knowledge of ITNs (Runsewe-Abiodun et al.,
2012).

A low prevalence (27.6%) of ITNs use was reported by
the respondents in this study, despite the high level of
awareness and knowledge of the commodity. Contrary to
the findings in this study, a study in Owerri, Nigeria
reported high awareness and usage of ITNs among
pregnant women (lwu et al., 2010). The major barrier to
ITNs use was non-availability as only 36.2% of the
respondents in this study own an ITN. However, use of
ITNs was high (74.6%) among the respondents that own
an ITN. A statistically significant association between
educational level and ownership (x> = 31.138, p < 0.001)
as well as use of ITNs (x2 = 37.133, p < 0.001) was
recorded in this study.

While ITNs ownership (36.2%) in this study was lower
than that reported in a study among pregnant women by
Belay and Deressa (2008) who reported ITNs ownership
of 59.0%, use of ITNs among the respondents that own
ITNs in this study (74.6%) was higher than the ITNs
usage of 52.1% reported by Deressa et al. (2011).
Majority 34 (50.7%) of the respondents that own ITNs in
this study bought their nets at the market, 8 (11.9%)
bought their nets at the hospital, while 17 (25.4%) got
theirs free at the antenatal clinic. This is in contrast to the
findings in the study by Njoroge et al. (2009) that reported
free/subsidized supply by government as the main source
of ITNs by 54.6% of the respondents, 24.6% purchased
theirs from the health facility, and none of the
respondents bought theirs at the market. This highlights
the probability of diversion of the ITNs from the health
facilities to the market in the study area.

Conclusion

Utilization of ITNs was low despite high knowledge of the
commodity among the respondents. Lack of ownership
was the major barrier to its utilization (as utilization of ITN
was high among the few that have it). Educational level
was a major determinant of ownership and utilization of
ITN; this could be due to its strong association with
occupation and by extension purchasing power (as most

of the respondents bought their ITNs at the market).
Women empowerment through education and
employment should be promoted to enable them access
and use the commodity. Distribution of ITNs should be
monitored by the relevant government agencies to make
the commodity available in the health facilites and
prevent illegal diversion.
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In Sri Lanka, helmet use is mandatory by law. This study was conducted to determine the prevalence of
motorcycle helmet use in Sri Lanka. An observational study was conducted in four locations: two
locations entering and leaving the city of Kandy, a rural area in the Kandy district, and the high way (A1)
leading to Colombo from Kandy. All the motorcyclists that passed the observation locations were
observed. Of all the 1254 motorcycle users, 1140 subjects used helmets (90.1%), as follows: 863 ‘riders’
(97.7%), 275 ‘pillion riders’ (second passengers) (84.1%), two ‘third passengers’ (5.4%) and none of the
‘fourth passengers’(0.0%). Out of 106 observed child passengers, only 25 (23.5%) wore helmets. The
significant finding of this study was that majority of adult motorcycle users used helmets while majority
of children did not. Motorcycle helmet laws need to be strictly implemented against non-use of helmets
by children in Sri Lanka. A further qualitative study is needed to examine the reasons for non-use of

helmets among children.

Key words: Helmet, motor cycles, motor vehicle crashes, Sri Lanka, vulnerable road users.

INTRODUCTION

Vulnerable road users (pedestrians, motorcyclists and
cyclists) make up almost three quarters of road traffic
deaths in the South East Asia region (WHO, 2008). In Sri
Lanka, 51% of the total vehicles involved in road traffic
collisions (RTCs) are motorcycles (WHO, 2009). The
number and the percentage of motorcycles, out of the
total vehicle population, have increased from 834,586
(48%) in the year 2000 to 1,422,140 (56%) by the year
2005, which is a 70% increase (Department of Motor
Traffic, 2012). Consequent to this increase, Sri Lanka is
facing the problem of rapidly rising motorized two wheeler
crashes. It is estimated that 35% of fatal RTCs in

Colombo, in 2002 occurred from motorized two-wheeler
crashes (Sri Lanka Police, 2012).

A large proportion of deaths and severe injuries due to
motorcycle crashes results from injury to the head (WHO,
2006; Servadei et al., 2003; Nixon et al., 1987; Norvel
and Cummings, 2002). Usage of standard helmets is an
effective way of preventing head injuries (WHO, 2009). It
has been revealed that motorized two-wheeler users
without wearing helmets are three times more likely to
sustain head injuries than those who are wearing helmets
(Norvel and Cummings, 2002). The motorcycle helmet
use reduces the likelihood of crash fatality by 40% and is
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Table 1. Distribution of helmet use.

Helmet use Rider (%) Pillion rider (%) pass-lt;?lggr (%) passizggr (%) Total

Helmet used 863 (97.7) 275 (84.1) 2(5.4) 0 (0.0) 1140 (100.0)
Without helmets 20 (2.3) 52 (15.9) 35 (94.6) 7 (100.0) 114 (100.0)
Total 883 (100.0) 327 (100.0) 37 (100.0) 7 (100.0) 1254 (100.0)

Table 2. Distribution of helmet use among pillion riders.

User Sex Helmet (+) Helmet (-) Total

Adults Male 112 (96.5) 4 (3.5) 116 (100)
Female 141 (94.0) 9 (6.0) 150 (100)

Children - 42 (68.9) 19 (31.1) 61 (100)

Table 3. Distribution of helmet use by area.
Helmet Al High
use Urban Rural way Total

Helmet+ 334(88.6) 46 (80.7) 760 (92.7) 1140 (90.9)

Helmet- 43 (11.4) 11 (19.3) 60 (7.3) 114 (9.1)

Total 377 (100.0) 57 (100.0) 820 (100.0) 1254 (100.0)

70% effective in preventing severe head injuries (Liu et
al., 2008).

Mandatory helmet laws reduce head injuries among
motorcyclists significantly (Pitaktong et al., 2004).
Motorcycle helmet wearing rates can be increased up to
90% when helmet laws are enforced effectively (Kraus,
1995). In Sri Lanka, both the drivers and the passengers
of motorized two-wheelers are required by law to wear
helmets except children in school uniform. A WHO survey
has placed Sri Lanka at point seven in a 0 to 10 scale of
mandatory helmet law enforcement (WHO, 2009).
However, to date, there is no information on the
prevalence of helmet wearing among motorcycle users in
Sri Lanka. Therefore, the aim of the present study was to
determine the prevalence of motorcycle helmet use in
Kandy, Sri Lanka.

MATERIALS AND METHODS

Study design

This is an observational study conducted in Kandy, Sri Lanka in
March, 2009. This study was conducted in three locations; Kandy
city, a rural area in the Kandy district and the high way that
connects Kandy to country capital, Colombo (Al high way). Ethical
approval for the study was obtained from the Ethical Review
Committee, Faculty of Medicine, University of Peradeniya.

Data collection

In March 2009, all the motorcycles entering and leaving the city of

Kandy were observed in two locations for an hour from 9 March
(Monday) to 13 March (Friday). The two locations were: the main
entrance to the Kandy city and a randomly selected rural area in
Kandy (Katugastota). All the motorcycles were observed entering
and leaving that area for an hour during the five days of the week
mentioned previously. Then, we travelled 110 km along the main
highway from Kandy to Colombo (A1 highway), which was a 4 h
journey, and observed all the motorcyclists who travelled on Al for
the use of helmets. This journey covered the seven main cities
other than Colombo and Kandy.

All the authors except the second author were involved in data
collection. The data on helmet use of the motorcycle users (rider,
pillion rider and other passengers) were collected along with their
age (whether adult or child) and sex on a structured data sheet by
the first author. Those who were apparently less than 12 years
were categorized as children and whether the helmets met the
minimum apparent standards was also ascertained. Data was
entered into a Microsoft Excel data sheet and was analyzed using
Statistical Package for Social Sciences (SPSS) statistical software.

RESULTS

In this study, 883 motorcycles and 1,254 users were
observed. Out of the 1,254 users, 1,140 (90.9%) used
helmets. Except for 6 (0.5%), all the others used standard
helmets. Out of the 883 riders, 863 (97.7%) used
helmets. Table 1 depicts the helmet wearing rates among
the motorcycle riders and passengers.

Of the 883 observed motorcycles, 74 (8.6%) carried a
third passenger and 14 (1.6%) carried a fourth passenger
as well. All the 3rd and the 4th passengers were children.
Among all the 1,254 passengers, 106 (8.5%) were
children; of them, only 25 (23.5%) were wearing a helmet
at the time of observation. Table 2 shows the helmet
wearing rates of motorcycle passengers. Out of 883
riders, only 2 (0.2%) were females. Those two female
riders were wearing a helmet at the time of observation.

Table 3 shows helmet use among motorcyclists
according to the area. The helmet use was 88.6, 80.8,
and 92.7% in Kandy city (urban area), rural area, and the
highway, respectively. Helmet use was more prevalent
when the users were on the highways.

DISCUSSION

Majority of the riders (97.7%) used helmets, which is very
close to helmet wearing rates of United States of America
which is 99% (Kraus et al.,, 1995). Several other high-
income, low- and middle-income countries have achieved



helmet wearing rates over 90% upon enforcement of
helmet laws (WHO, 2006).

Most significant finding of this study was that, 76.5% of
the children were not using helmets indicating the
unprotected nature of child passengers as compared to
adults. An important reason for low helmet use among
children may be because they were exempted from the
mandatory helmet law when they are in school uniform
(WHO, 2009). This is not scientifically acceptable and the
policy makers need to amend the mandatory helmet law
including children of all ages and children in school
uniforms. More exploratory studies are needed to
examine the reasons for low child helmet wearing rates.

The prevalence of helmet use in the rural area was
lower than the urban area and on the Al high way, which
could be due to the absence of traffic police officers in
rural areas (Fernando, 2012). Police stations in rural
areas might be under staffed and having traffic police
officers frequently on the road might not be practically
possible. Policy makers should consider placing more
traffic police officers on the rural roads to improve helmet
use on rural roads.

It is a disturbing incidental finding that 8.6% of
motorcycles were carrying a third passenger and 1.4%
carrying a fourth passenger. Also, the usage of helmet
was low when it comes to other riders e.g. pillion rider,
3rd and 4th passengers. In fact, none of the 4th
passengers wore helmets at the time of observation.
Although, only two people are permitted to ride on a
motorcycle, police does not enforce this law in Sri Lanka
especially if the third or the fourth passenger is a child.
This might place the 3rd and the 4th passengers at an
additional risk. Hence, police need to be advised and
sensitized on this issue and requested to strictly enforce
the mandatory helmet use law and the laws on number of
passengers to travel on motorcycles.

A recently published multicenter study revealed that the
widespread use of non-standard helmets in low- and
middle-income countries may limit the potential gain of
the motorcycle helmet use programs (Ackaah et al.,
2012). The present study suggests that most helmet
users in Sri Lanka apparently use standard helmets.
Though, that is an encouraging finding, one limitation of
this study is that only the helmet was observed, and did
not examine them. Hence, this finding needs to be
confirmed by future research that should physically
examine the helmets to see whether they meet the
required standards.

Another limitation of the study is that the age of child
riders by observation were assessed. Hence, our
estimations of the age of those children might not be
accurate in some instances. Similarly, because this was
an observational study, the sex of the motorcycle users
could be inaccurate in some instances (WHO, 2006).

However, the strength of this study was its possible
generalizability to Sri Lanka. This study was conducted in
Kandy, Sri Lanka. Kandy is one of the 24 districts in Sri

Dharmaratne et al. 423

Lanka and has several similar characteristics and road
conditions to the other 23 districts. Also, the Al highway
that runs through the four districts was covered. Hence,
our findings might be generalized to Sri Lanka.

In conclusion, the prevalence of helmet use by children
motor cycle riders in Sri Lanka is not satisfactory. Hence,
the policy makers should amend the mandatory helmet
law including children of all ages and children in school
uniforms. Police should strictly enforce helmet laws for all
the people riding motorcycle, including the pillion riders
irrespective of their age. Third and fourth passengers
riding on motorcycles should be stopped. Future studies
are required to examine in detail helmet usage in Sri
Lanka. In order to produce more reliable results, further
gualitative studies on helmet use in Sri Lanka were
recommended. These studies need to examine the ages
of children who ride motorcycles, the reason for non-use
of helmets and the physical quality of the used helmets.
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